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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)
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2. 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.

(c) Directivity, exact and approximate, of the antenna (dimensionless
and in dB).

(d) Gain, exact and approximate, of the antenna (dimensionless and in
dB).
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3. 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° <8 < 20°
U@, ¢) =1 0.342csc(8) 20° <6 <60° }0° < ¢ < 360°
0 60° < A < 180°

Find the directivity (in dB) using the exact formula.
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4. The normalized radiation intensity of a given antenna is given by
(a) U=sin0Osing, (b) U=sin0sin2(p, (9] U=sin20sin3(p
The intensity exists only in the 0<0<m, 0<¢@<r 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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The half- power beamwidths are ecfua.ﬂ to

HPBW (az.)=2L 0~ sin'¢ 2)7 = 2 ( 70°-30°) = k6°
HPBW (el.) =2 [{6°- sin'C¥a)] = 2(0°-30°) = (20"
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HPBW(eL )= §0°, HPBW(az.) = 74.93°

5. Find the directivity (dimensionless and in dB) for the antenna of

Problem 4 using Kraus’ approximate formula.

(a) -
U=sing-sing ; (ay D, = 41253 _ £1.203 = 2.86 =4.57dB
B4 B2d 120 Cl20)

(b) D, = 3.82=5.24d8B
(c) D, =6.12 =7.87dE

6. The normalized radiation intensity of an antenna is rotationally

symmetric in @, and it is represented by
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1 0° <8 < 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)?
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7. The radiation intensity of an antenna is given by

U(0,p)=cos*0sin’p , for 0<B<m/2and0<e<2n(i.c., 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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8. 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

T e jkr
E:cus[z{cnsﬂ—l]] \ O=f<m
r

Find the directivity using Kraus’ approximate formula
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9. The normalized far-zone field pattern of an antenna is given by
E_ (sinfcos’¢)'/? 0<B<mand0<¢ <n/2,3m/2<¢ <27
|0 elsewhere

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

us= ;;E“ |E|*= 35 SgCes’y = Umar= j;z-
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In the elevation Pld‘he 'throujh Zhe moximum @=0 and Ulz_{irs\lmﬂ.
The 3-dB Pofh‘t’ occurs when 5
Uz 0-5Unx = 0.5 [iLJ:.{IiSi”ﬂJ. > @ =Sin (0.5)=30°
Therefore  @ha = 2(F0-30) = [20°
Inthe azimuth plave ﬂnmujln the moximum 6= /2 and u:j,‘tz'[bsd}a”.
The 3-dB Pu'mf occurs when s 0.5 Umay = 0.5 [ﬁi'jal-,?(qg‘sl =
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10. A uniform plane wave is traveling in the positive z-direction. Find the

polarization (linear, circular, or elliptical), sense of rotation (CW or
CCW), axial ratio (AR), and tilt angle 1 (in degrees) when
(a) Ex =Ey, Ap=0y—¢x =0

(b) Ex #Ey, Ap=py—¢x =0

(c) Ex =Ey, Ap=py—o¢x =n/2

(d) Ex =Ey, Ap=py—px =—m/2

(e) Ex =Ey, Ap=py—¢x =n/4

(f) Ex =Ey, Ap=0py—px =—n/4

(g) Ex =0.5Ey, Ap=py—ox =n/2

(h) Ex =0.5Ey, Ap=@y—px =—mn/2

Inall cases, justify the answer.
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) Livear beca.us;e S =0,
¢ Linear beause 4ap=0,

ce) Circular because 1. Ex=Ey
2 A= T s
CCW because Ey leads Ei ARSE - SL= Fo

cd) Circular beause 1. Ex =Ey
- A}ﬁ: - rr,-‘:;;\_' :
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@) Ellipticd becuse 4% is not multiples of o
CCW  because Ey feads Ex. AR=0A/o
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From above ©0OA= |-30656 Eo } = AR = iﬁ_—% = 2.414
OB = 6.541176 Es o.

From abwe T= fo°~2(f0°)=45"

=2414

tp. Hipticd because 1. E« # Ey

2. AP S vnot zero er multiples of .
CCW because Ey leads Ex. 3 iples of

OA = E,{i [0.25+1+0.75 ]j’l&':: Ey

PAR=535=2.
GB?—Ey{J.i[-ﬂ'-ﬁ'l'l-ﬂ-'TS]}ﬁ-‘-‘O-SE)} y
T=%"~3 m"(:g_m = 90"~ z (80 =0"

(h) Eliptied because. 1. Ex #Ey
2. AZ (s not 2ero er muthiples of .
CW because Ey lags Bx .

From above  0A =Ey }'%’AR=6‘T'5=Z

“T=%0°- Z(18°) =0°

Good Luck.
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