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Sheet (2)... (Solution)

1. A hypothetical isotropic antenna is radiating in free-space. At a distance of
100 m from the antenna, the total electric field (Eg) is measured to be 5 V/m.
Find the

(a) Power density (W ,q)

(b) Power radiated (P,,q)

5*Gr
2(::'. )

ij :fg Wraddg = En g; (0.033|5)(r*sinégde dﬁ)

= 0.63315 4r Walts/m=

©) Wy = iLExHq—T,

ar -~
= gn g‘ (0.033(5) Clncﬁ@ﬂ&d&dﬁ’

= L) K -1
=2M (0.63315) (160)= g StnaJe =2 (0.03315)(100) ™ 2

= 4165.15 watts
2. Estimate the directivity of an antenna with Ogp = 2° and ®yp=1°.
D approximate = 41255 _ 41255 20627.
HP¢HP 2 * 1

3. Find the number of square degrees in the solid angle Q on a spherical
surface that is between (0=20° and 0=40°), and (¢=30° and ¢=70°).

70
Q= jd¢jsmed9 = (70- 30)*(@) * (~Cos0)" = 398.17 deg’”
30

4. The radiation intensity of antenna is given by U=B,Cos0. U exists
only in the upper hemisphere, Find
a. The exact directivity.
b. The approximate directivity.
c. The decibel difference.

U =U, =P, =Cos0.

411 ATT

—Cos*@ _n
)¢

(a) Dexact = o

”Cos 0 Sintd@lp (211)(
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. 411 411 411 41253
(b)D approximate = = = |dego-

0HP¢HP ‘ 9HP¢HP - (GHP)2 - (QHP)2
We calculate 6,,,; D (CosO,p0x =1) D at 6, = 0°,

We calculate 6, = (C0s9h=%) = 0,=60°
Opp = 2*(0max-0n| = 2%(0° -60° | = 120°

so : Dapprox. :ﬂ ZL%E =2.86.
(0y1r) (120)

(¢) Decibel difference = 10 log 2;;6 = 1.46db.

|deg2-

5. An antenna has a field pattern given by E (0) = cos’0 , For
0< 6° <90°. Find the beam area of this pattern.

211 I1/2 1 I1/2
I- Exact...Q, = j jc()s‘*esinededqﬁ = -217*(;0@;59)0 = 1.26Sr.
0

0

2- Approximate...Q, = 0,,8,,.= (0,)°
To obtain Oyp... we must firstly calculate O max, 0,
To Obtain Byg... the angle of which P, =E°, maximum.

It occurs when cos’0=1 ... at 6,,,. = 0°.

To obtain 0... the angle of which Pn Z%. (Or E,,Z%).

It occurs when cos29h=%.
So: 0,=32.76°=33°.

Now: Opp=2%*| Omax - 0)|= 2*0-33|=66".
So: Q, =(6,,)°=(66)°=4356 deg’=4356*(1/180)’=1.33Sr.

6. The normalized field pattern of an antenna is given by E(0)=sinOsin¢.
E, has a value only for 0< 0 <II & 0< ¢ <II, and zero elsewhere , Find
a. The exact directivity.

b. The approximate directivity.

c. The decibel difference.

Dr. Gehhan Sami
M.M. Elsherbine




Benha University Antennas &Wave Propagation Electrical Eng. Dept.

Faculty of Engineering 4™ year communication
Shoubra 2015-2016
411
(a) Dexact = nn = 5 4l i =
[ | sir'esingd@ig  [sino* - cosorao[ =2 44
00 0 0 2
411 _ 411 _
j i I1 Cos’0
(‘;’ _Sin2gyn [ (sin6a0 - sinocos*ado) () I(~Coso);! +( 0; "
0
4T1
=0.
IT, 4
(5)(5)
411

(b).. D approximate = :
9HP¢HP

We calculate 6,,,c D (Sinb,,.c =1..(max )) D at 0,,,. = 90°,
We calculate @,,, P (Sin®,,.. =1..(max )) P at d,,, = 90°,

We calculate 6, = (Sin9h=i) = 0,=45°
V2

We calculate @, 9(Sin€bh=%) >P,_45°

So: Oyp = 2%90-45°| = 90"=%(md)

By the same way

We calculate ®yp=2%90° -450|=900=%(md)

So: D approximate = a5y

0HP¢HP (];I)(I;[)

(C) Decibel difference = 10 log % = (.7db.

7. The power radiated by a lossless antenna is 10 watts. The directional
characteristics of the antenna are represented by the radiation intensity of
U=B,co0s°0 (watts/unit solid angle) (0<0<n/2, 0<@<27)

Find the

(a) Maximum power density (in watts/square meter) at a distance of 1,000 m
(assume far-field distance). Specify the angle where this occurs.

(b) Exact and approximate beam solid angle Q4.
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(c) Directivity, exact and approximate, of the antenna (dimensionless and in
dB).
(d) Gain, exact and approximate, of the antenna (dimensionless and in dB).

=B, fﬂﬁd[:}

ar o 21 W2
OeiPrd= L = Sing dé dg = BQL Jf; Cos3g Ging db dgf

Tz
= grrebg ceS3t Sing dé
4]

i 'n'li}‘
Fod = 2w B, (- G’iﬁ )L = 2B, =10 38B,= .-%E = 53662

U= 6.3662 S
W = %l = 6-3&6 2 opsdy = 6(’,‘3[635;' (33 = 63662 XI5¢0SH
(4]

i 5 e s ~
Wy = 6-3662x16° cos’0 £ 6.3662 X10° Watts /m=

(b) Dt’: "1-“'Uh-1-a.r — .47[ (63651) = 8 = ?dB
Prag 1o

)iy = Pip D 5./ B ame §2B

8. Calculate the Dyyprox. from the HPBW of a unidirectional antenna if
the power pattern is given by :
E (6,4) =30 Cos’0Sin™’®
0<6<I1 O0<®<II and zero otherwise.
Then repeat by calculating Dy, for the previous pattern. Finally
calculate the db difference between the exact and approximate

records.
411 411
Dexact=1111 = nn
[ E;0.p*sinaiaip [ Cos'0*Sin'¢*Singiais
00 00
_ 411 _ 411
[sing*(1-Cos*p)dg[ Cos*0* Sinbdp (- CO; O [ (Singdg — SingCos” pdg)
0 0 0
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_ 4T1 _4m
2 n, Cos’p.n 2,4
(g)[(—COS¢)O +( 3 )o ] (5)(3)
(b) To calculate D approximate.
We calculate 0,,,, = (Coszﬁmax =1..(max )) = at O, = 0°,
We calculate @D (Sin”* @y =1..(max ) D at Drpax = 90°

We calculate 0, = (C0S29h=%) = 0,=33°

L

V2

=23.56

We calculate @), ( Sin®’ &, =

So.: Ogp = 2*]0-33°| = 66°.
By the same way

We calculate @yp=2%90° -52.5°|=75°
41253 41253

OrpPup 66%75

(c) decibel difference = 1 OIog% =4.5

) DD, 52.5°

8.33.

So: D approximate =

9. In target-search ground-mapping radars it is desirable to have echo power
received from a target, of constant cross section, to be independent of its range.
For one such application, the desirable radiation intensity of the antenna is
given by

1 0° <6 < 20°
U0, ¢) ={ 0.342csc(8) 20° <6 < 60° }0° < ¢ < 360°
0 60° < 6 < 180°

Find the directivity (in dB) using the exact formula.
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| 0°4@ ¢ 20°

= DS 6D¢
U[H,ﬁj ﬂjq___?_ CEC(EJ lﬁnéei 600 ':5 gid

0 0°< 0§ € 180°
m
o= EJT Ucp, ) Sing dddg = zm [ ‘[ Sing AE'*j’ 0.34.2 CSC(8) X
o6 b 2p°
:
‘ = XM ) -(Co56 + 0.342-6 }
Sing dé { ¢ i

=

=,zrr{ [—Ca&(%-)ﬂl + 0.342 (f'? }

i { [-0.9386%¢1 ] + 0.342 1 {%)f

= 2T { 80603 + 0.23B76 } 87712

Dn:ﬂmw = AT (1) L 6 28737 = §.25255 4B,

10.The normalized radiation intensity of a given antenna is given by

(a) U=sin0Osing, (b) U=sin0sin2(p, (©) U=sin20sin3q)

The intensity exists only in the 0<0<r, 0<¢<m region, and it is zero elsewhere.
Find the

(a) Exact directivity (dimensionless and in dB).

(b) Azimuthal and elevation plane half-power beam widths (in degrees).
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D{:: “{'“’ unﬁx
pr‘ad
() U= Sind sing for o c6<T, Osgg ™

Ulwae=1 and it occurs when §=g= Tz
meT ™

Pmd:j- j U'Sinaéed?::( SIﬂHd:ﬁﬂwﬁ'ih*ﬁJEZE{%):“-
o o o]

Thus D= 2¥Y) _ 4 =6 024dB

L)

The half- power beamwidths are ecfua.ﬂ to

HPBW (az.)=2L %0~ sin'( /2> = 2 ( 70°-30°) = IR0°
HPBW (el.) =2 [f0°- sin'C¥a)] = 2(T0°-30°) = (20"
Ina simlar manner, [t canbe chown that for

(b)) U=Singsin’eg 2 Do=5.07 =7.07dB

HPBW (ef.) =(20° HPBW(az.)= 70°
©)
U= Sin6 sivdg = D, =1 T4 = 7.0T= 8.49dB

HPBW(eL )= 50°, HPBW(az.) =74.93°

11.Find the directivity (dimensionless and in dB) for the antenna of Problem 4
using Kraus’ approximate formula.

() _

U=sing-sing ; cay D, == 4125 _ 4| 253
B4 B2o 20 Cl20)

(b) IDs 2 3.82=5.824B

© Do =6.12 = 787dB

= 2.86 =4.57dB

12.The normalized radiation intensity of an antenna is rotationally symmetric
in @, and it is represented by
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1 0° <6 < 30°
0.5 30° <@ <60°
0.1 60° <8 <90°
0 90°<@ <180°

(a) What is the directivity (above isotropic) of the antenna (in dB)?

U =

(6) D= AT Umar o Umay
pf‘ﬂ-v‘. UQ

-3X T T 30"
Fad = USinddede = 21| Usimedé = 21 | simeds +
il ‘g ] o]

B Ga® &)
JfﬂLS}&ne dg + (fﬂ )Sing 46 ]‘=2H { f*fGSGJI'EGJr (- %ﬁ)[gaj{—o.ime)ﬁ j

go* Jio?

(@nt’d) ik ol b -0. :
0 -zw{{o.aaﬁu-r(ﬁ?@ (G-HraE)}

Pmd, = 2T {m.ﬁteﬁ +1 —0.25+ 0.433 +48.05 } =2 (0-367)
= 0.M134' 7 = 2.305%

O = LG4M) = g 4496 = 73636 dB
2:3059

13.The radiation intensity of an antenna is given by U(0,¢p)=cos'0sin’p , for
0<0<n/2and0<@<2n(i.e., inthe upper half-space). It is zero in the lower half-
space.

Find the
(a) Exact directivity (dimensionless and in dB)
(b) Elevation plane half-power beam width (in degrees).
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LIRE=]
Tz
(0 Pra.d, _S- 5- U (8,2) Sine de dg j Sin ,:a’d,a’ j S8 Sind de¢
Lif
=@)s)=73

Uma.r = UCE=G"J,G= "/.1,:‘ =1.

Do = &MUmwr_ 4T _ 59 53.0 dB
Prad ':.Tr—"IEJ

(k> Elevoation Plave : & varjes ;B fixed
“* Choose @=T/z.
€8, g="2) = (bs*g : 0€6 <z
4rHPewCel.) 7 =
CoS [ 5 . ]

2-[_'
HPRwW (el.) = 2. coS ' {V0.5 } = 65.5°,

14.The far-zone electric-field intensity (array factor) of an end-fire two-
element array antenna, placed along the z-axis and radiating into free-space, is
given by

—jkr

E:cus[ (cnsﬂ'—l)] O=f<m

Find the directivity using Kraus’ approximate formula

oy Ef s LLOSE'*I)J] | St B0’

0.T0T Emax = 0.T07-C1) = CoS [ (Cos8,~1)]
4 2 5
-I‘CCDS&.-H = :i:-ﬁ:: =8, = i Cos (23 cloes net exis
s (e) = 9p° = & rael
@ = @a = 2(F)=T"

Do~ AT = 47 . 2- 20321047 dB
@w@l‘r L e 4?

15. The normalized far-zone field pattern of an antenna is given by
B ! (sinfcos’)'/? 0<@<mand0<¢ <m/2,3n/2<¢ <27

elsewhere
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Antennas &Wave Propagation

Find the directivity using
(a) The exact expression
(b) Kraus’ approximate formula

? IE]>= -'?a‘me o5 = Umar= 5‘%

NaaTe
.Pmd‘*QL E ?&ﬁheasﬁdﬂdp' 7 :,‘_II l,} g;z
Do = 4MUmax _ AJT{ J__b’_
Pﬂml 3 el Sk
k). Umar = =+

=5.09=T.07dB

g’ﬂ
o ar §="a, g=0

In the eleyation plane ‘Hm:lujh Ahe moximum (F=o and U:;‘;?S"ma_

The 3-dB Porh't sccurs when

U= 0-5Umx = 0555 J"_.L,?Smﬂ‘l—} 8 =Sin '(0.5) =30°

Therefore  @ra = 2(T0~-30) = 120°

Inthe azimuth plane ?thmujh the maximum = 2 and u:;t—(hg";a{

The 3-dB point OCCUrS (when U= ©.5 Unay = 05 [;%) = fess D
@, = Co5'(0.707) =45, (@), =2C{0’~45") = Jo'

Themfone u-51ﬂ§ Kraus f::.rruuiq b — m 3.82

16.Estimate the directivity for a source with relative field pattern
a. E=Co0s20Cos0. Assume a unidirectional pattern.

b. E=Sin (%Cos@). Assume 0< 0 < IT & 0< ¢ <2I1.

411
(a) Dexact =

TIIT
j j (Cos26Cos0)” * SintHedsp
00
411

- I1
IT* I (Cos20Cos6)” * Sintlé
0
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4 4

= 11 =1
j (2Cos0—1)* Cos 6% Sin@io j (4Cos'0—4Cos 0+1)Cos* 0* Sintio
0 0

4

11
j(4C0s60—4C0s49+ Cos’6)* Sin@i6
0

1 = 19.1
4Cos’@  Cos’6 Cos’0
_( -4 + )0
7 5 3
411
(b)Dexact=T1n =

j (Sirt (r21 Cost)* Sinbi Qi
00

411

I1
211 j (Sirt (1; Cost) * Siniads
0

2

f I1
j (Sirt (, Cost)* Sinti@ig
0

Let (%Cos@) —x2>(1)

So - G093 sinaio="2ax > 2)
de 2 I1
Replace (0 from 0 to Il) to (x from % to%). By substituting in
(1).
2 —I1 —I1
Dexact= = =

(1—-Cos2x)dx

N\E'—.N“:
N | =

- =
2 _2 2
(Sin" (x)*—dx | (Sin’ (x)*dx
et
2 2
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—I1
1 Six S -2
~(x- )5
2 2 3
(REPORT)

1.  The normalized radiation intensity of an antenna is symmetric, and it can
be approximated by

| 0° <6 < 30°
0

u@) =19 300 g <90
0.866

0 90° < 0 < 180°

And it is independent of @. Find the
(a) Exact directivity by integrating the function
(b) Approximate directivity using Kraus’ formula.

2 . T
s Pm’jnui uca.st)sinededgzzrn{i-&neda La%%}

/ o 2
= 21\'{ E %‘xns‘{a +£T/ ﬁgg CosA-Sind db ;
s 3

o
- QW[_C,,S”Z"JratEE(‘ ng.lé)lrr/a ]':21'1]:-0,85614 +0.433]
= 3-5626

D= “PUT = ;Zé‘jﬁ’ = 35273 = 544543
r\q P

() y=056) 5.5 =2 (os@ = &.5(0.866)=0.433, =25 '(0433) = 64.34"
0.86€

B)o,= 2064.34) =128.65" = 2. 246 rod = @ .

PR L = Al - H 24712 5.3.7641dB
Or Qar (2.246)™

2. Repeat Problem 8 when

- —jkr
E:cos[z(cosﬂ+l}] \ D=f<=m
r
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G. Elmpy = Cos(%(fosem)[mwzi of 6=T

0.77- = Gos (F (58, +1))

CoS (- es not exist.
Ziesert!)=2x GF{ TR cas T o

CoS'Co) > Fo° = ELrad

Do 2L =% <1273 = J.047dB

3.  The normalized radiation intensity of an antenna is represented by
U(#) = cos*(#)cos’(38), (0<8 <90°, 0° <d¢ <3607

Find the exact and approximate directivity.

a. Since the U (0) represents the power pattern, to find the half-power beamwidth
you set the function equal to half of its maximum, or

U(O)|o=s, = cos2 () COSI(}B)lg:g. = 0.5 = cos 8, cos 36, =0.707

0.707
cos 36,

o, = cos ! (

Since this is an equation with transcendental functions, it can be solved iter-
atively. After a few iterations, it is found that

O, = 0.25 radians = 14.325°

Since the function U(#) is symmetrical about the maximum at # = 0, then
the HPBW 1s
HPBW = 26, = 0.50 radians = 28.65°

(S Al ¢ gilly Jasig
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Good Luck.
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