Problem class 4

TECNICO Antenas
LISBOA

Problem 1. A half-wavelength dipole radiates the power P, =146W in free-space. The

oscillation frequency is 300MHz. Find the intensity of the electric and magnetic fields at the

point P(r,H,go) , when r=100m, € =90° e ¢ =30°. Use the fact that the radiation resistance

of a half-wavelength dipole is R =73.1Q2.

rad |/1/2
Solution:

Within the sinusoidal current approximation, the far-field of an electric dipole is determined

by:

= Jkor

=

(r)‘fax—ﬁeld =E,® with E, =7, jkol(()) h,
far-field - ﬂ(p(i) ﬂw = EH /770

4xr

k,L k,L
o cos TCOSH —Cos 7
he(ﬁ): — P(49), with P(H):

sin @

The far-field conditions are

r>>L, r>>4, r>2L%/4,
c_ 3x10°
In the present problem A, = TZWZIm and L=4,/2=0.5m. Clearly, the far-field
X

conditions are satisfied:

100 >> 0.5, 100 >>1, 100 >2x0.5%/1 =0.5
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For an half-wavelength dipole, k,L = i—” L = 7. Hence:
0

© 1(0)=L,sinZ=1,

sin @
V4
5 5 cos(zcosé’j
e h(0)==P(f)=——"~—~
K, k, sin @
—jkor e—jkur COsS [;Z-COS Hj
e LEy,=7) 0—( ) © Axr UOJ_( )2721‘ sin@

In particular, we see that:

T
. cos(2 cos 9)‘
_ _ 0
|EA/2|—|EH|_27[r ‘I—(O)“ sin® ‘
Using 7, ~ 1207 [Q]
60 cos(izzcos 6’)
|Eﬂ/2| = 7‘1(0)‘ T sing
To find the feeding current, we use
146W =P, =< R, [L(0)f =273.1]1 (0
rad 2 rad |— 2 LR

This gives |1 (0)|=2A. Hence,
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cos z c0s90°
60 2

100‘ sin 90° ‘

=12[V /m]

| /1/2|

IH|=|E, .| /7, =3.18x10° [A/m]

Problem 2. A wire with length L = 4/2 supports a travelling wave of current described by:
1(2) =1,
(the wire can be seen as a conductor of a transmission line terminated with a matched load)
The wire is defined by -L/2<z<L/2.
(a) Find the electric field in the far-field zone.

Solution:

= Jkor

Eg = 770jk0|_(0) he At

L/2 ’
1(Z') L yr
s [ + jkyz'cos@
he—smﬁj. dz' ——=e™®

-L/2 I—(O)

In the present case (1(0)=1,):

L/2 L/2
h =sin®d I dz'e ferg st — gjn @ J. dz'e* Toleoso-DZ
e

“L/2 —L2

+ jko(coso-1)2' L2
=sinf——— =sinf
ik, (cos@-1)|

2sin(k f-1)L/2
=sind sin(k, (cos0-1) )=Lsin@sinc(ko(cosé’—l)L/2)
k, (cos&—1)

+jko(cosO-1)L/2 e jko(coso-1)L/2

jk, (cos@-1)

with sinc(X) =sinX/X.

Using kL = i—” L =z, we finally get:

0

h, = Lsin @sinc (%(cos 0- l)j

jk,h, (6?) [, e tr
iy r

with the effective

In conclusion, the electric field in the far-zone is E, =7,

length defined as above.
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(b) Represent the radiation pattern of the electric field and discuss the differences as

compared to a A/2 dipole with a stationary wave distribution of current.

Making a polar plot of |h,|~ sin @sinc (%(cos 0- l)) we get':

0.0

0.5 o0 0.5

Vertical axis: z Horizontal axis: X or Yy (or any direction in the xoy plane).

As seen, the radiation pattern is tilted towards the z>0 half-space (because the travelling wave
propagates along +z). Thus, compared to a standard dipole antenna, the radiation pattern does
not have mirror symmetry with respect to the xoy plane. It can be checked (numerically) that

the direction of maximum radiation is @ = 65°.

(c) Find the radiation resistence of the travelling wave antenna with length A/2.

The radiation intensity of an antenna is given by:

! Here is the Mathematica code used to generate the plot:
he[t_ ] := Sin[t] Sinc[Pi/2 (Cos[t] -1)]:

ParametricPlot[{{he[t] Sin[t], he[t] Cos[t]}, {-he[t] Sin[t], he[t] Cos[t]}}, {t, O, Pi}, Frame - True, PlotRange » {{-0.8, 0.8}, {-0.8, 0.8}},
AspectRatio— 1, PlotStyle + Blue]
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In the present problem, we have:

_n 2 |2 ’
U=2Lf =

0

sin #sinc (%(cos 0— 1)]

2

=/ (o)

sin @sinc (Z(cos 60— l)j
32 2

1(0)f =P

r

. .1 - . .
The radiated power is: 5 R d = J‘J.UdQ . Hence, the radiation resistance is:

rad

2
Riad =”i2d£)= o sianinc(z(cose—l)j dQ
‘I_(O)‘ 16 2 sin;a’;dﬁ

2

2z V3
= .(I; d(p.([dt?sint??—g

sin @sinc (%(cos 6— l)j

2

=%Idﬁsin9
8 0

sin @sinc (%(cos 0— l)j

2

— 1572 j d@sin 6 ~86.30
0

sin @sinc (%(cos 60— 1))

The last integral is evaluated with numerical integration®.

Problem 3.

A half-wavelength dipole radiates in free-space. Suppose that input power is 100W and that

the efficiency is 50%. Find the Poynting vector intensity at the point r=500m, € =30°,

p=0°.

Suggestion: Use the fact that the directivity of the dipole is D|, | =1.64.

Solution A:

To solve the problem we can combine:
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U=s,r’ and |g = v __ U
far-field Uiso prad /(4”)
to write: |S Y _ P g ehy g
A% : = —= =
Yoort 4xr? 4zr?

In the last indentity we used |P,, =€P, |, with P, the input power and e the efficiency.

The directive gain ¢ is proportional to the radiation intensity U, which is proportional to the

pattern factor squared (sinusoidal current approximation is implicit):

cos {ﬂ cos (9)
2

Since for an half-wavelength dipole P (6?) = g (see problem 1), it follows that:
sin

g~U~n[ ~[Pf

2
cos (7[ cos 0)
2 2

sin &

g~[P(0)

Since the directivity D is the maximum of the directive gain and for a dipole the maximum is

reached for §=90° (xoy plane), it follows that g(6#=90°)=D|, =1.64. Hence, the

directivity of the antenna is (note that P ((9 = 900) =1):

2
cosS (Zcos@j cos(;Z coS 6’)
—= 7 =1.64—"Z

sin@ sin &

2

g (9)‘/1/2 - D|Z./2

In particular,

? Here is the Mathematica code that evaluates the integral:
15 Pi~2 NIntegrate[ Sin[t] Abs[Sin[t] Sinc[Pi/ 2 (Cos[t] -1)]]*2, {t, 0, Pi}]

Antennas 2019-2020



cosS z0.87

9 (6=30°)

=1.64 2 =1.64x]0.41] =0.27
: 1/2

Al

We can now easily find the Poynting vector intensity:

eP, ~ 0.5x100
47r? 475007

S —

av

0.27 =43 / m?

Solution B:

An alternative way to solve the problem (without using the suggestion) is to calculate the

electric field. From problem 1:

cos (ﬂ cos (9)
2 )

sin &

|E4/2|:6_r0‘l(0)‘

=eP, =0.5x100=50W , one can find from P, :lR

Since P, g = Reag I_(O)‘2 and with the
knowledge that R,,|, , =73.1Q2 that [1(0)|=1.17A.
cos %0.87
. . 60 e
Hence, the electric field is: |Ew|= 1.17 =0.058 V/m. From here, we
500 1/2
finally get:
[E[  [0.058] ,
o =—= =4.394W /m

Tl 2p,  2x1207
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