
Microwave and Radar 6th sem ECE 

section A prepared by Deepak Sharma 
Microwaves refer to the electromagnetic rays with frequencies between 300MHz and 
300GHz in the electromagnetic spectrum. Microwaves are small when compared with 
the waves used in radio broadcasting. Their range is in between the radio waves and 
infrared waves. Microwaves travel in straight lines and they will be affected lightly by 
the troposphere. They don’t require any medium to travel. Metals will reflect these 
waves totally. Non metals such as glass and particles are partially transparent to these 
waves.

Advantages of using Microwave technology: 

1. It does not require any cable connection. 
2. They  can  carry  high  quantities  of  information  due  to  their  high  operating

frequencies. 
3. We can able to access more numbers of channels. 
4. Low cost land purchase: each tower occupies small area. 
5. High frequency/short wavelength signals require small antenna. 
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 5 Disadvantages:

1. Attenuation by solid objects: birds, rain, snow and fog. 
2. It’s much expensive to build long towers. 
3. Reflected from flat surfaces like water and metal. 
4. Diffracted (split) around solid objects. 
5. Refracted by atmosphere, thus causing beam to be projected away from receiver. 

WAVEGUIDE

A waveguide is a structure that guides waves, such as electromagnetic waves or sound 
waves. they enable a signal to propagate with minimal loss of energy by restricting 
expansion to one dimension or two. this is a similar effect to waves of water constrained 
within a canal, or why guns have barrels that restrict hot gas expansion to maximize 
energy transfer to their bullets. without the physical constraint of a waveguide, signals 
will typically be radiated and decreased according to the inverse square law as they 
expand into three dimensional space.

The waveguide is the hollow metallic conductor carrying usually high frequency or 
microwave frequency. Operating range of waveguide is approx. from 300 MHz to 300 
GHz. Waveguide behaves much like a High Pass Filter and is basically a passive 
microwave device. It will support waves above a certain cut off frequency. If the 
operating frequency lies below the waveguide cutoff frequency, propagation does not 
take place and wave is said as evanescent. Power loss occurs in the walls of waveguide 
due to induced current, in order to reduce this loss walls are designed with as much low 
resistance as possible. 

There are different types of waveguides for each type of wave. the original and most 
common  meaning is a hollow conductive metal pipe used to carry high frequency radio 
waves, particularly microwaves.

The geometry of a waveguide reflects its function. slab waveguides confine energy to 
travel only in one dimension, fiber or channel waveguides for two dimensions. the 
frequency of the transmitted wave also dictates the shape of a waveguide: an optical 
fiber guiding high-frequency light will not guide microwaves of a much lower 
frequency. as a rule of thumb, the width of a waveguide needs to be of the same order of 
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magnitude as the wavelength of the guided wave.

Some naturally occurring structures can also act as waveguides. the sofar channel layer 
in the ocean can guide the sound of whale song across enormous distances. 

Uses
The uses of waveguides for transmitting signals were known even before the term was 
coined. The phenomenon of sound waves guided through a taut wire have been known 
for a long time, as well as sound through a hollow pipe such as a cave or medical 
stethoscope. Other uses of waveguides are in transmitting power between the 
components of a system such as radio, radar or optical devices. Waveguides are the 
fundamental principle of guided wave testing (GWT), one of the many methods of non-
destructive evaluation.

WAVEGUIDE TYPES 

There are two main types of waveguide, rectangular and circular.

Rectangular waveguide: It looks as shown in fig.1. Cutoff wavelength equation for 
rectangular waveguide is define below.
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Here, m= number of half-wave along broad side dimension, 
N= number of half-wave along the shorter side. 
For dominant mode TE10, m=1, n=0 and hence, λc= 2(broad dimension) =2a 

Circular waveguide: It looks as shown in fig.3. Cutoff Frequency equation for circular 
waveguide fc is defined below , fc= (1.8412 * c /2*pi*a) Where, c is the speed of light 
within waveguide and a is the radius of the circular cross section. Fc= For dominant 
mode TE11, λc= 1.71(diameter)=1.71d 

TRANSMISSION LINE
• Two or more conductors separated by some insulating medium (two-wire, coaxial, 
microstrip, etc.).

• Normal operating mode is the TEM or quasi-TEM mode (can support TE and TM 
modes but these modes  are typically undesirable).

• No cutoff frequency for the TEM mode. Transmission lines can transmit signals from 
DC up to high frequency.

• Significant signal attenuation at  high frequencies due to conductor and dielectric 
losses.
 
• Small cross-section transmission lines (like coaxial cables) can only transmit low 
power levels due to the relatively high fields concentrated at specific locations within 
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the device (field levels are limited by dielectric breakdown).

• Large cross-section transmission lines (like power transmission lines) can transmit 
high power
levels.

WAVEGUIDE
1. Metal waveguides are typically one enclosed conductor filled with an insulating 
medium (rectangular, circular) while a dielectric waveguide consists of multiple 
dielectrics.

2.Operating modes are TE or TM modes (cannot support a TEM  mode).

3. Must operate the waveguide at a frequency above the respective TE or TM mode 
cutoff frequency
for that mode to propagate.

4. Lower signal attenuation at high frequencies than transmission lines.

5. Metal waveguides can transmit high power levels. The fields of the propagating wave 
are spread
more uniformly over a larger cross-se ctional area than the small cross-section 
transmission line.

6. Large cross-section (low  frequency) waveguides are impractical due to large size and 
high cost.

Basics of TEM, TE, and TM propagation

Energy can propagate through a medium or through what is currently believed to be a 
vacuum. Propagation modes vary depending upon the type of energy and the nature of 
the medium.
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Consider sound: It can travel through any material, solid, liquid or gas. In air, sound consists of waves, 
discrete like a single click, or continuous, like a sustained musical tone. The waves are alternately more
compressed and more rarified regions of air that radiate in concentric shells, wherever there is air. The 
transitions between positive and negative peaks may be smooth as in a sine wave, or abrupt as in a 
square wave, and there are infinite variations.

To humans, the differing waveforms are perceived as changes in sound, so we are able to recognize and
differentiate between flute and saxophone, violin and French horn. Frequency variations are perceived 
as changes in pitch. Amplitude translates to volume. Both frequency and volume are perceived in 
accordance with a logarithmic scale. The volume, but not the pitch, varies with the cube of the distance.

In regard to energy conveyed through a body of water, the situation is radically different. There are two
reasons. For one thing, water is far less compressible than air. The other reason is that there is a 
boundary condition, where water ends and air above it begins. It is here that wave action can be 
observed. As waves crest, the water rises above the interface, strongly opposed by gravity since water 
is much heavier than air. These waves become larger and the energy more visible as they approach the 
ocean shore, because there is less volume of water below the surface to convey all that energy.

Electromagnetic energy is also transmitted in waves. Like sound, it may propagate equally in all 
directions, the wave energy radiating in concentric shells corresponding to amplitude. Or it may be 
directional, focused to form a tight beam.

Light has a dual nature, particle or wave. It is a form of electromagnetic radiation and has associated 
with it electric and magnetic fields. As in other forms of electromagnetic radiation, both fields are 
oscillating. Depending on the transmission mode, the axis of oscillation in electromagnetic 
transmission may have different orientations to the direction of travel.

In the Transverse Electric and 
Magnetic (TEM) mode, both the electric field and the magnetic field (which are always perpendicular 
to one another in free space) are transverse to the direction of travel. If you wonder how this is 
possible, bear in mind that it is happening in three-dimensional space.
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In the Transverse Electric (TE) 
mode, the electric field is transverse to the direction of propagation while the magnetic field is normal 
to the direction of propagation.

In the Transverse Magnetic (TM) mode, the magnetic field is transverse to the direction of propagation 
while the electric field is normal to the direction of propagation.

Hollow, metallic waveguides are compatible with TE and TM modes only. This is in contrast to coaxial
cable. When it is functioning as intended, the TEM mode of propagation is supported. Coaxial cable 
involves two conductors, the inner pin and the outer grounded shield. For this reason, capacitive losses 
preclude transmission at the highest frequencies. In a waveguide, including optical fiber, the outer shell
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or cladding functions only as a reflecting surface, so propagation takes place in one direction only, 
which is why there are no capacitive losses.

Introduction to Rectangular Waveguides..

Rectangular waveguides are th one of the earliest type of the transmission lines. They are used in 
many applications. A lot of components such as isolators, detectors, attenuators, couplers and 
slotted lines are available for various standard waveguide bands between 1 GHz to above 220 
GHz. 

A rectangular waveguide supports TM and TE modes but not TEM waves because we cannot define
a unique voltage since there is only one conductor in a rectangular waveguide. The shape of a
rectangular waveguide is as shown below. A material with permittivity e and permeability m fills
the inside of the conductor. 

A rectangular waveguide cannot propagate below some
certain frequency. This frequency is called the  cut-of
frequency. 

Here, we will discuss TM mode rectangular waveguides
and TE mode rectangular waveguides separately. Let’s
start with the TM mode.

TM Modes
Consider the shape of the rectangular waveguide above with dimensions a and b (assume a>b)

and the parameters e and m. For TM waves Hz = 0 and Ez should be solved from equation for TM

mode;

Ñ2
xy Ez

0 + h2 Ez
0 = 0

Since Ez(x,y,z) = Ez
0(x,y)e-gz, we get the following equation, 

If we use the method of separation of variables, that is Ez
0(x,y)=X(x).Y(y) we get,

Since the right side contains x terms only and the left side contains y terms only, they are both
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equal to a constant. Calling that constant as kx
2, we get;
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