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Tutorial Sheets-1 (with EMD Analysis)

Course Name-Antennas & Wave Propagation
Course code- 6EC04-04 Topic —Fundamental Concepts

Q1-Calculate the directivity of isotropic antenna.

Solutions - Directivity D is given by

For isotropic antenna 2,=4 7
So D=22=1
4

The directivity of an isotropic antenna is unity.

Q2- Calculate the effective length of an % antenna.

Given-R, =730 (4,. ) =0.132%

€max

n=120m

i 2y(4 R V0.1322 x73
Solutions- I, = V(Ae)max.Ry _ <

VZ V120x314
_ V949
- V376.80

I, =221x%x0.1567=0.13174 1

Q3- Calculate the maximum effective aperture of an antenna which is operating at a wavelength of 2
meter & has a directivity of 100",

Solutions - The maximum effective aperture

12 22
)==D=-=—x100=31.84m?
4T

€max ATT

(A
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Q4- What is bandwidth of resonant circuit whose Q =100 & resonant frequency =5 MHz.
Solutions -Af =f, — f4 :%

Af = Bandwidth f, = resonant bandwidth & Q = Quality factor
fr=5MHz &Q=100

8
Af =225 =50 10° = 50 KHz

Q5- Calculate the maximum effective aperture of microwave antenna which has a directivity of 900.

Solutions-

4
D= = (Ae)max

D.A%.
(Ae)max =

4T

900
=—..22
am

=0.71619 x 10% x A?
= 71.619 22

Q6- An antenna has a loss resistance 100 ohm ,power gain of 20 & directivity 22.Calculate its radiation
resistance ?

. G R
Solutions-n = £ = —"—
Gg Rr+R;

Gp = 20; G, =22, R,=100, R,=?

20 R,
22 Rp+10

20(R, + 10) =22R,

R, =22 =1000
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Q7- Calculate the maximum effective aperture of an antenna which is operating at a wavelength of 2
metres. & has a directivity of 100.

Solutions- Maximum effective aperture is given by

AZ
Aemax = E D

Given D =100

A=2 meter

2
2 %100=220 _1%9_3184
41 4T b4

Q8- Find the radiation resistance of a g Wire dipole in free space.

2
Solutions- R, = 8072 (%)

=80 x 9.8696 x (%)2

= 3.080
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Tutorial Sheets-2 (with EMD Analysis)

Course Name-Antennas & Wave Propagation

Course code- 6EC04-04 UNIT -3
Topic — Radiation of wires & Loops

Q1- The transmitting and receiving antennas are separated by a distance of 200A and have directive gain of 25
and 18dB respectively. If 15 Mw power is to be received. Calculate the minimum transmitted power.

Solutions - G4(dB)=25dB =10 log19Ga:
Gg=10%5=316.25

Ggqe(dB) =18 dB

Gaqe =108 =63.1

Using the friss equation

P, = Gy Gdt [4%]2 P.

_ 4mr]? 1
b= P [T GarGar
_ 3 [4mx2001]? 1
* 10 [ 2 ] (63.1)(316.23)
= 1.583W

Q2- Ifthe electric field strength of a plane wave is 2V/m. What is the strength of Magnetic field H in

free space.

Solutions- Since we know that n = % WHERE n is free space impedance
n=120m =3770

H:

S

VM 1 00052V A/m
120 Ohm 188.4
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Q3- An antenna has an effective height of 110 metres and the current at the base is 400 amperes at 40
KHz . What is the power radiated?

2
Solutions - The power radiated = W = R,..[?rms & R, = 160 w2 (lf)
Givenl,=110m, I, =400A ,F=40KHz

__ 300

A ; = 7500 m

R, = 160 2 (%)2 = 16072 ()
= 23.160
Power radiated W = R,.. I?rms
= 23.16 X 4002
= 3705.6 k watt

Q4- What is bandwidth of resonant circuit whose Q =100 & resonant frequency =5 MHz.
Solutions -Af =f, — f; :%

Af = Bandwidth f, = resonant bandwidth & Q = Quality factor

f.=5MHz &Q =100

8
Af =225 = 50 10° = 50 KHz

Q5- Calculate the maximum effective aperture of microwave antenna which has a directivity of 900.

Solutions-

4
D= 1_7: (Ae)max

D.A%.
(Ae)max =

4T

_ 900 1o

4T

=0.71619 x 10% x A?

= 71.619 22
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Q6- An antenna has a loss resistance 100 ohm ,power gain of 20 & directivity 22.Calculate its radiation
resistance ?

. G R
Solutions-n = £ = ——
Ggq Ry+R;

Gp = 20; G, =22, R;=100 , R,=?

20 _ _Rr
22 R.+10
20(R, +10) =22R,

R, =22 =1000
2

Q7- Calculate the maximum effective aperture of an antenna which is operating at a wavelength of 2
metres. & has a directivity of 100.

Solutions- Maximum effective aperture is given by

AZ
Aemax = E D

Given D =100

A=2 meter

2
2 %100=220 _1%9_3184
41 41 T

Q8- Find the radiation resistance of a g Wire dipole in free space.

2
Solutions- R, = 8012 (%)

= 80 x 9.8696 X (1%)2

= 3.080
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Tutorial Sheets-3 (with EMD Analysis)
Course Name-Antennas & Wave Propagation Course code- 6EC04-04

Course code- 6EC04-04 UNIT -4
Topic — Aperture & Reflector Antennas

Q1. A coaxial feed pyramidal horn antenna is designed at 1 GHz with the following dimensions: a=25
cm, b=10 cm, aperture A=50 cm, B=40 cm and horn length from neck to mouth = 25 cm. Assuming
efficiency of 70%. Find the approximate gain of the horn.

Solution: Gain of an antenna is
an
G=nD = 77,1_2'4
Where, G: gain, D: directivity, n: efficiency, A: Aperture area and A: wavelength

G=0.7x;’—;-x50x40=19.55=13d8

Q2 . Design a Rectangular Pyramidal Horn antenna to be operated at 11 GHz frequency with required
gain of 22.6dB if dimension of the connecting waveguide are a= 2.286¢cm and b=1.016 cm.
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Solution: CGiven =11 GiHz, A, = % 33D - Z.T2TI I

5T 1i=io0

Cio (dis) 22.6 10 1loge a0 Chl

G~ 10>3° I81.97

y; AR A 0.3725A4
N BT RIEL T o oy 0y

— O O.BABZA

L R - L 3 S
Tovitial value of
[ 1831.97
—— - — == 11 .55853
1 2z 22w e

Tt ddoes ot satisty the conditiaon

A S _ | Ge 3 1 cx
(VEX —3) 2x—1= |32 ls-m—x5

Go 1
(-]

G
Afltcer few iteration - i AR BT
N ooy
Puw = XA = 11.1187 > 2. 7273 = 30.316 cm
aGF 1 ;
= —(—= = 3I2.753
= s "'”'(X)A 3 753 cmn

gy == f 3Apy =— 16.37 crm
by = J2Ap, = 12.85 cm

. — o> [()" — 3]

~
N
ll

pn = (a; — a) [(Z_f:)Z _%%

Pe = Pn
P, =P, = 27.286 cm

Q3. An end fire array consisting of several half wave lengths long isotropic radiators is to have a
directive gain of 20 dB. Find the array length and width of the major lobe. What will be these values for
broadside array?

Solution: Given D = 20 dB = 10log,;oD = 20 dB
D=10" =100
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For end fire array

4], 4],
pr=cg S =0

L 100

1-3 - %

Array length L=25A

Width of major lobe

For Broad side array

D= E = 100 = %
A A
LW,
A 2
Array length L=50A
Width of major lobe

114.6 1146

=2.3°
L//1 50

FNBW =
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Q5. A rectangular aperture is with a constant field distribution with a=5A and b=3A is
mounted on an infinite ground plane. Compute

1) FNBW in E-Plane 2) HPBW in E- Plane
Answer: Given, =54 and b=31

(i) FNBW in E-plane:  FNBW = 114.6 sin™* (3)

i
FNBW = 114.6 si -*(—)
sin ZA

1
= 1146 st (E) = 114.6(0.524) = 60°

(i)  HPBW in E-plane: HPBW = 114.6 (*=>)

0.4431
HPBW = 114.6( )

22

0.443
= 1146(——) = 25.4°

Tutorial Sheet (EMD Analysis
Cos Remarks
3

N

| [W N |—
w
Z|m|m|g|m

(93]
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Tutorial Sheets-4 (with EMD Analysis)
Course Name-Antennas & Wave Propagation Course code- 6EC04-04

Course code- 6EC04-04 UNIT -5

Topic — Broadband Antennas

QI- A log periodic dipole array is to be designed to cover frequency range from 84 MHz to
200 MHz and has a gain of 7.5 dB. Find the required element length and spacing for optimum design
and also find out the total length of the antenna.

For the given gain of 7.5 dB, corresponding value of t=0.862 and ¢ =0.159. We know that

l1=1
— -1
a = tan (40)

1—-0.862
a = tan™! (—) = 12.24°
4 x 0.159
Aiaic c 300
S 2 2 Zx8h- 1.785m
y i c 300
Lnin = '.Izun=2f =2x200=0.75m
max
We also know that,
L
T =z_“ = Ln+l = th
n

Hence, L,=1.785 m, L= 0.862 X 1.785=1.593 m, Ls=1.326 m, L=1.143 m, Ls=0.985 m,
Le=0.849, L=0.732 m.

Array is terminated in seven element, since L,=0.732 m is less than |,;,=0.75 m.
We also Know, Spacing between element is

d, =20l,
d;=2x0.159x1.785=0.318 x 1.785=0.568 m,

d>=0.506 m, ds=0.421 m, d;=0.363 m, ds=0.313 m, d=0.269 m.

Total length of antenna is Y5 d.. = 2424 m
Q2- Find the directivity of 10 turn helix antenna having a pitch angle 10°,circumference
Cequal to A.
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Solution-

C=24,-N=10, S =C tana
15NSC?
A3
15x10xCtana xc?
13
=150 tan
D(dB) = 10log,o (26.45) = 14.22

Directivity D=

Q3- A 10 Turn Helix is constructed at SGHZ with a circumference of 3.45cm and a
pitch angle of 15°.Find the HPBW & Gain.

Solution-

A at 8GHz = 30/8 =3.75cm

C=3.45=0.92a

For the pitch angle @ =15°, S =c tan @ = 0.92AX tan15°= 0.2465A=0.9244 cm

HPBW= 85 DEGREE  _ 4o

C S
I\/Ni

G=62 (%2) NS =11dB
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Tutorial Sheets-5 (with EMD Analysis)

Course Name-Antennas & Wave Propagation

Course code- 6EC04-04 UNIT -6

Topic — Microstrip Antennas

Q1- Design a rectangular microstrip patch antenna to be used in satellite communication
at a frequency of 1.6 GHz. Assume the dielectric constant of substrate is 10.2 and thickness is
0.127 cm.

Solutions-
Answer: Given-
fr = 1.6 GHz
h=0.127 cm
= 10.2
Width of Patch:

_ ¢ 2
T 2f & +1

w L : 3.96
S 2R TBRIOJICZF L e

Effective dielectric constant:

w

1
_ & +1 4 & — 1 [1 i 1211]"5
Ererr = T2 2

10.2+ 1 10.2—1 l 12 x 0.127

1
2
E?'t‘?[‘f = 2 -+ 2 3.06 ] 2951

Extension in length:
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&orr+03) (24 0.264
AL = 0.412 x h( ol )(" )

(reps — 0258) (% +08)

(951+0.3) (2 +0.264)

0.127

AL = 0.412 X 0.127
(9.51 — 0.258) (ﬁ + 0.8)
0127

= 0.545 mm

Length of patch:
c
L= m - 2AL
L= L— 2 X0.545=29.31mm =2931cm
2% 1.6V9.51
L=293Imm
W= 39.6mm

Q2- Design a circular microstrip patch antenna at a frequency of 10 GHz. Assume the
dielectric constant of substrate is 2.2 and thickness is 0.1588 cm?

Solution: Given f,.=10 GHz, £=2.2, h=0.1588
Using equation

8791 % 10°
fiver
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s 8.791 x 107 0593
10 x109v2.2
Therefore, using equation
F
a= -
2h nF 2
{1+ 2 |in (5£) + 1.7726]}
0.593
a= ;= 0.525cm
{1 3 2x0.1588 [ln (nx0.593) i 1.7726]}2
0.593XmTx2.2 2x0.1588

Hence the radius of circular patch is 0.525 cm.
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Cos Remarks
1 4 D
2 3 D

**E: Easy, M: Moderate, D: Difficult
Faculty Members of Concerned Subject
Dr. Pallav Rawal

Mr. Harshal Nigam




Swami Keshvanand Institute of Technology, Management & Gramothan,
Ramnagaria, Jagatpura, Jaipur-302017, INDIA

Approved by AICTE, Ministry of HRD, Government of India
UGC under Section 2(f) of the UGC Act, 1956
R Tel. : +91-0141- 5160400 Fax: +91-0141-2759555
o o wema E-mail: info@skit.ac.in Web: www.skit.ac.in

Tutorial Sheets-6 (with EMD Analysis)

Course Name-Antennas & Wave Propagation
Course code- 6EC04-04 UNIT -7

Topic — Antenna Arrays

Ql-
Design a linear array of isotropic elements placed along the z-axis such that the zeros

of the array factor occur at 6= 20", 80", 110" and 150°. Assume that the elements are
spaced a distance of /4 apart and that a=90".

(1). Sketch and label the visible region on the unit circle.
(11). Find the required number of elements.

(111). Determine their excitation coefficients.

Solutions-

(i). For spacing between elements of d=A/4 and phase difference a= 90°.

Y = kdcosO + a

_27rx/1 9+7t
B T ek
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b3
= E(cosé +1)

For 8=0; y=n and 6=180; y=0

(i1). Using Schelkunoff polynomial method

N
AF = Z a,z"Y = a, + a,z' + azz* + -+ ayz™!
g n=1
Where N is number of element
For angle of nulls 6=207, 80°, 110°, 150"

A';”: =(z-2)(z—2)(z — 23)(z— 2,)

AF = Z apz "V = a, + a,2' + azz® + az2* + asz*
n=1
Hence, Number of elements N=5

(iii). Excitation coefficient: '
z=|z|le/¥ = |z|ep = 12y

And

Y= %(cos() +1)

Wi=90(1+c0s20)=174.57; Z,=-0.99+j0.094
Y=90(1+cos80)=105.62; Z,=-0.269+j0.963
Y1=90(1+cosl 10)=59.218; Z;=0.52+j0.859
Y=00(1+cos150)=12.05; Z=0977+0.21
AF = (z-2)(z - 2, )(z — 23)(z — 24)
AF = (2 = (—0.99 + j0.094))(z — (—0.269 + j0.963))(z — (0.52 + j0.859) )(z — (0.977 + j0.21))
AF = 7% - j0.144Z3 4 2.402Z3 — j31Z - 1.757

a;=-1.757
ar=-j3.1
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az—2.402
as—-30.144
as=— 1

Q2- Draw the radiation pattern of an array of 4-isotropic sources of equal amplitudes and phases with
the distance of A/2 apart.

A) Broadside case ~ B) End-fire case
Answer:
(i). Broadside case: a=0
Principal maxima
Y = Pdcosd +a =0
Y = Pdcosf =0
8 =90°270°
Maxima for minor lobe:

2N+ 1)
(Bmax)minor - COS_I {i '('_)—}

2nd
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Nad element, cad=A/S2
Orax deminar = cox—* {£3} 1# =2

COrprrem Dovtreesr = H41.4" and =+ 138.6"

Minima for minor lobe

COpsndminor = cos— " {i %3
WV B e e
Med @lamant, d=A/2
COninndoninnry = +60°, 120,00 and 180"

MHMence the pattern is

150

(1), End fNire casa. e

To find pattaern of End fire array, similar formula can be derived with taking aaern, Hence pattaern is

27
Ari ;..:A.x..q - A

Q3. Sketch and label the visible region on the unit circle of Schelkunoff polynomial
method:

(1). d=M/8, a =450 (ii). d= A/4, a =900

(iii). d=M2, a =00 (iv). d= A/8, a =-250

Solutions-
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Tutorial Sheets-7 (with EMD Analysis)

Course Name-Antennas & Wave Propagation
Course code- 6EC04-04 UNIT -9

Topic — Different modes of Radio Wave Propagation

Q1- A Part of microwave link can be assumed to be a free space conditions.The antenna ,gains are
each 40dB. The frequency is 10 GHz and the path length is 80km. Calculate the transmission path loss
and the received power for a transmitted power of 10 Watts.

Solutions - Given that

Gr = 40dB
Gr = 40dB
F = 10 GHz =10,000MHz
D =80 Km
Wp =10W

Ls(dB) = 20 logyof + 20 logyed — 147.56
=20 log,o 10 x 10° 420 log,,8000 —147.56
=150.512dB

Wi (dB) = GrdB +G,.dB - L,dB + WdB

=40 +40 -150.512 +10

=-70.512 +10 =-60.512

W,_ 0.89081W
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Q2- The antenna of gain 2.2dB of a VHF transmitter SKW at 62.25 MHz is located at a height of 40
metres above the surface of the earth .If the height of the receiving antenna of gain 1.6dB is 10 metres
only. What is the ultimate maximum distance up to which a LOS Communication may be possible
?Assume a standard atmosphere .What will be power received at this maximum distance.

Solutions- According to question following parameters are given:

1) Gain of transmitting antenna G = 2.2dB

2) Power of transmitting antenna Wy = SKW

3) Carrier frequency = 62.25 MHz

4) Height of transmitting antenna h,= 40 metres
5) Height of receiving antenna h,. = 10 metres

6) Gain of receiving antenna G, = 1.6 Db

Using the concept of effective earth radius and equation below for standard atmosphere

D =4.12[ \/h, + /h;] km

D =4.12[ V40 + V10 ]

D =39.085 km

Now using formula for free space loss

LgdB =20 log,of+20 log,od — 147.56

= 155.884+91.84 -147.56 = 100.16 Db

and w; in dB is

W;dB =10 log,oW; in watt =10 log;,5 X 103 =36.99Db
W, dB =W, dB + G;dB +GrdB - LgDb

=-59.37dB
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Q3- Two plane 15Km apart are in radio communication . The transmitting plane delivers 500 Watt. Its antenna
gain being 10 in the direction of other plane power absorbed in 2 micro watts by the receiving antenna of the
second plane. Find the effective area assuming that the ground and ionospheric reflections are negligible .

Solutions — Given

D=10Km
G,=10
W =500 Watts

W, =2x 107 watts

A, =7
_ WiGt
d ™ 4mqz2
WiGe
=Py A, =
W D-fle ™ 4pqz
w 4md?
A, =+ =0.5024 m?
wi T
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