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3c​
Losses in a Microwave Network 

Microwave networks suffer from various losses that reduce the transmitted signal power and 
degrade system performance. The major losses are: 

1.​ Conductor Loss​
 Occurs due to finite conductivity of metallic conductors. At microwave frequencies, 
current flows only near the surface because of the skin effect, increasing resistance and 
power dissipation.​
 

2.​ Dielectric Loss​
 Caused by imperfect insulating materials used as substrates or fillers. Polarization lag in 
dielectrics converts electromagnetic energy into heat, characterized by the loss tangent 
(tan δ).​
 

3.​ Radiation Loss​
 Results when part of the guided electromagnetic energy leaks into free space due to 
discontinuities, bends, open structures, or poor shielding.​
 

4.​ Mismatch (Reflection) Loss​
 Occurs due to impedance mismatch between components, causing reflections and 
reducing the power delivered to the load. It is related to return loss and VSWR.​
 

These losses collectively limit the efficiency and performance of microwave communication 
systems. 
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5c.​
Directivity and Power Density of an Antenna 

Power density is defined as the power radiated by an antenna per unit area in a given 
direction. It is equal to the magnitude of the Poynting vector. In the far-field region, power 
density is given by: 

S = Prad / (4πr²) W/m² 

where Prad is the total radiated power and r is the distance from the antenna. 

Directivity of an antenna is defined as the ratio of maximum radiation intensity to the average 
radiation intensity over all directions. It is expressed as: 

D = Umax / Uavg 

Directivity indicates the ability of an antenna to concentrate radiated power in a particular 
direction. 

 
 
 



6.a.  
Antenna Radiation pattern:  

 
Definition: 
The antenna radiation pattern is a graphical representation of the variation of radiated power (or field 
strength) of an antenna as a function of direction in space, at a constant distance from the antenna. 
 
Types of Radiation Patterns 
 
Field pattern – variation of electric or magnetic field intensity 
Power pattern – variation of radiated power per unit solid angle 
 
Common pattern planes 
 
E-plane: Plane containing electric field vector and direction of maximum radiation 
H-plane: Plane containing magnetic field vector and direction of maximum radiation 
 
Main lobe: Direction of maximum radiation 
Side lobes: Minor radiation lobes 
Nulls: Directions of zero radiation 
Beamwidth: Angular width between half-power points 
Directivity: Ability of antenna to focus energy in one direction 

 



 

 
Maximum Effective Aperture of Short Dipole: 

 

 



6. B. Frii’s transmission formula: 

 

 
 
6. C . Construction and field pattern of microstrip line: 
A microstrip line is a planar transmission line commonly used in microwave integrated circuits 
(MICs). 
Structure 
It consists of: 

1.​ Conducting strip (signal line) 
○​ A thin metallic strip (copper/gold) 
○​ Width = W, thickness = t 



2.​ Dielectric substrate​
Relative permittivity εr\varepsilon_rεr​​
Thickness = hhh 

3.​ Ground plane​
A continuous conducting plane on the bottom of the substrate 

 
Characteristic impedance is given by 

 
Field Lines: 

 
 



7. a. Derive the expression for radiation resistance of short electric dipole antennas. 

 

 

 

 



 

 

 

 



 

 
 
 
 
 
 
 
 
 
 



7. b. Obtain the expression for total electric field for array of n-point sources; consider uniform 
linear array. 

 

 

 



 

 

 

 



 

 
 
8. a. Explain principle of pattern multiplication. 
 

 

 



 

 

 

 



 
 
8. b. Write a note on Thin Linear Antenna. 

 



 



 
 
 
8. c. A thin dipole antenna is 𝜆/10 long. If its loss resistance is 2.5Ω, find the radiation resistance and 
efficiency. 

 



 
 
Module – 5 
 
9. a. Explain different types of horn antenna with relevant diagrams. 

 



 

 



 

 



 
 
9. b. The radius of a circular loop antenna is 0.02λ. How many turns of the antenna will give 
radiation resistance of 35Ω? 
Radius of circular loop antenna a=0.02λ 
Required radiation resistance Rr=35 Ω 
Let N=number of turns 

 

 
 



9. c. Compare the far field components of small loop and short dipole antenna. 
The comparison is made in Table 7–1. The presence of the operator j in the dipole expressions and its 
absence in the loop equations indicate that the fields of the electric dipole and of the loop are in 
time-phase quadrature, the current I being in the same phase in both the dipole and loop. This quadrature 
relationship is a fundamental difference between the fields of loops and dipoles.. 
The formulas in Table 7–1 apply to a loop oriented as in Fig. 7–2 and a dipole oriented parallel to the 
polar or z axis. The formulas are exact only for vanishingly small loops and dipoles. However, they are 
good approximations for loops up to λ/10 in diameter and dipoles up to λ/10 long. 

 
 
 
10. a. Explain Yagi–Uda antenna and list its applications. 

 



 

 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 



10. b. Explain Parabolic dish antenna or microwave dish antenna with relevant diagram. 
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