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(Dept. of Electronics Engineering) 

INTRODUCTION: 

Communication is the method of transferring information between people or group for mutual 

understanding and confidence. It involves the flow of information from the sender to the 

receiver. The receiver must understand the meaning and message of information. It can also be 

taken as the process of sharing ideas, thoughts, opinions and views from one person to another 

person. A manager should communicate effectively to his subordinates to implement the plans 

and policies. The communication is one of the important function of management. 

• Communications networks are used to transport information (data) exchanged between 

end-systems with the ultimate goal of supporting a variety of services and distributed 

applications  

• Networks were initially designed and optimized for a specific service – The telephone 

network for the voice service – Broadcast networks for distribution of radio and TV 

programmes – Computer networks for exchange of data among computers to support 

applications like remote access, file transfer, e-mail, etc.  

• The current trend is towards carrying traffic (flows) of different applications or services 

in the same network infrastructure . 

• The concept of service integration in public networks started with ISDN (Integrated 

Services Digital Network), which was an evolution of the digital telephone network IDN 

(Integrated Digital Network), and was extended to support BISDN (Broadband ISDN), 

which was the driving force behind the development of ATM (Asynchronous Transfer 

Mode ) . 

• The Internet was designed for carrying data traffic (on a best effort basis) but is becoming 

the universal infrastructure for carrying any type of traffic, such as VoIP (Voice over IP), 

video streaming, etc. 

 
 



CHAPTER-1: AM/FM TRANSMITTERS 

 

 

INTRODUCTION: 

 

Transmitters are necessary component parts of all electronic devices that communicate 

by radio, such as radio and television broadcasting stations, cell phones, walkie-

talkies, wireless computer networks, Bluetooth enabled devices, garage door 

openers, two-way radios in aircraft, ships, spacecraft, radar sets and navigational beacons.  

 

The term transmitter is usually limited to equipment that generates radio waves 

for communication purposes; or radiolocation, such as radar and navigational 

transmitters. Generators of radio waves for heating or industrial purposes, such 

as microwave ovens or diathermy equipment, are not usually called transmitters, even 

though they often have similar circuits. 

 

FREQUENCY DIVISION MULTIPLEXING : 

• Here the Bandwidth of the Transmission medium is divided into “Channels” each with 

enough bandwidth to carry the desired information 

 • All Channels are separated by an narrow, unused space in the spectrum called a “Guard 

Band” • AM Radio: The RF spectrum from 535 kHz to 1605 kHz is divided into 

overlapping 20 kHz channels (none overlap in a region) 

 • FM Radio: the RF spectrum from 88 MHz to 108 MHz is divided into 200 kHz 

channels (double-width for stereo) 

 • Broadcast TV: The RF Spectrum from 52 MHz to 88 MHz, 174 MHz to 216 MHz, and 

470 MHz to 806 MHz is divided into 6 MHZ channels 

 

 

AM FACTS : 

• AM audio has a maximum frequency of less than 10 kHz 

 • An AM radio channel needs ~18 kHz bandwidth – Two sidebands  

• Upper from fc+fmin to fc+fmax (fc+fm simple tone)  

• Lower from fc-fmin to fc-fmax (fc-fm simple tone) – channel spacing in each 

geographical region is 20 kHz or more 

 • The AM Radio band is from 535 kHz to 1605 kHz  

• Carrier amplitude varies in proportion to the audio signal  

• AM transmitters average about 70% modulation – avoid over modulation – The carrier 

amplitude cannot go to zero or the spectrum gets very broad and interferes with other 

channels 
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AM DEMODULATION: 

 • Two methods for AM demodulation – Mixing (multiplying by) a reproduced carrier 

wave  

• Requires locally generating a sine wave at the same frequency and in phase with the 

signal. 

 • Then pass the result through a low-pass filter to get the audio – Envelope Detection 

(used in almost all AM receivers) 

 • Use a diode and a RC filter to “follow” the envelope of the AM signal (which is the 

audio) 

 

FM FACTS : 

• Carrier Frequency varies in proportion to the audio signal  

• FM audio has a maximum frequency of less than 15 kHz  

• An FM radio channel needs extra bandwidth – Monaural: 200 KHz – Stereo: 400 KHz 

 • The FM Radio band is from 88 MHz to 108 MHz (in the middle of the VHF TV Band, 

between channels 6 and 7)  

• Broadcast FM transmitters are limited to 75 KHZ maximum deviation  

• The FM Modulation Index is the ratio k = ∆f / fm – Narrow Band FM (k < 1) BW 

approaches AM – Wide Band FM (k > 1, broadcast FM is Wide-Band) has good noise 

immunity 

 • FM Demodulators include: – Limiters followed by one of: Ratio Detector, 

Discriminator, or Zero Counter – Phase-Locked-Loop PLL (VCO, Phase Detector, Loop 

Filter) 

 

DEMODULATING FM: 

 

 • Limiter  

– An FM signal has no Amplitude variation (any that is there is either from noise or 

interference) – Amplify the signal and put it through a Limiter (Clipper – creates an 

almost square wave) to remove any AM  

– Filter out the created harmonics (odd multiples of the carrier in the square wave) to get 

back a clean FM Modulated Sine Wave 

 

 • Detector 

 – Use the slope of a filter to create AM that is proportional to the FM and use an 

envelope detector (Ratio Detector, Discriminator)  

– Count zero crossings per second  

– Use a Phase-Locked-Loop (PLL) to track the time-varying carrier 

 

 



TRANSMITTER SUBSYSTEMS: 

 • Oscillator: Produces a sine wave at the carrier frequency 

 

 • Buffer Amplifier: Increases the RF power level and isolates the oscillator from being 

affected by the modulator  

 

• Modulator: produces either an AM or FM signal centered at the carrier frequency. 

 – The AM modulator is sometimes called mixing (the two signal interact or mix in a 

non-linear component to create sum and difference frequency signals)  

– FM is often done by directly modulating the Oscillator (a VCO)  

 

• Linear Amplifier: Used in a low-level modulated transmitter to amplify the modulated 

carrier to the desired power level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER-2: AM/FM RADIO RECEIVERS 

INTRODUCTION:  

A radio or FM receiver is an electronic device that receives radio waves and converts the 

information carried by them to a usable form. An antenna is used to catch the desired frequency 

waves. The receiver uses electronic filters to separate the desired radio frequency signal from all 

the other signals picked up by the antenna, an electronic amplifier to increase the power of the 

signal for further processing, and finally recovers the desired information through demodulation. 

Of the radio waves, FM is the most popular one. Frequency modulation is widely used for FM 

radio broadcasting. It is also used in telemetry, radar, seismic prospecting, and monitoring 

newborns for seizures via EEG, two-way radio systems, music synthesis, magnetic tape-

recording systems and some video-transmission systems. An advantage of frequency modulation 

is that it has a larger signal-to-noise ratio and therefore rejects radio frequency interference better 

than an equal power amplitude modulation (AM) Signal. 

FM FREQUENCY RANGES: 

Frequency modulation is used in a radio broadcast in the 88-108MHz VHF band. This bandwidth 

range is marked as FM on the band scales of radio receivers, and the devices that are able to 

receive such signals are called FM receivers. The FM radio transmitter has a 200kHz wide 

channel. The maximum audio frequency transmitted in FM is 15 kHz as compared to 4.5 kHz in 

AM. This allows a much larger range of frequencies to be transferred in FM and thus the quality 

of FM transmission is significantly higher than of AM transmission. Presented below is an 

electronics circuit for FM receiver along with its full explanation. 
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FM RECEIVER CIRCUIT EXPLANATION: 

Here‟s a simple FM receiver with minimum components for local FM reception. Transistor 

BF495 (T2), together with a 10k resistor (R1), coil L, 22pF variable capacitor (VC), and internal 

capacitances of transistor BF494 (T1), comprises the Colpitts oscillator. The resonance 

frequency of this oscillator is set by trimmer VC to the frequency of the transmitting station that 

we wish to listen. That is, it has to be tuned between 88 and 108 MHz. The information signal 

used in the transmitter to perform the modulation is extracted on resistor R1 and fed to the audio 

amplifier over a 220nF coupling capacitor (C1). 
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CHAPTER-3: ANTENNAS 

INTRODUCTION:  

 An antenna (or aerial) is an electrical device which converts electric power into radio waves, 

and vice versa. It is usually used with a radio transmitter or radio receiver.  

 In transmission, a radio transmitter supplies an oscillating radio frequency electric current 

to the antenna's terminals, and the antenna radiates the energy from the current as 

electromagnetic waves (radio waves). In reception, an antenna intercepts some of the 

power of an electromagnetic wave in order to produce a tiny voltage at its terminals, that 

is applied to a receiver to be amplified. 

  Antennas are essential components of all equipment that uses radio. They are used in systems 

such as radio broadcasting, broadcast television, two-way radio, communications receivers, 

radar, cell phones, and satellite communications, as well as other devices such as garage door 

openers, wireless microphones, bluetooth enabled devices, wireless computer networks, baby 

monitors, and RFID tags on merchandise.  

 Typically an antenna consists of an arrangement of metallic conductors ("elements"), 

electrically connected (often through a transmission line) to the receiver or transmitter. 

  Antennas act as transformers between conducted waves and electromagnetic waves 

propagating freely in space. 

 In wireless communication systems, signals are radiated in space as an electromagnetic 

wave by using a receiving transmitting antenna and a fraction of this radiated power is 

intercepted by using a receiving antenna. 



 An antenna is a device used for radiating or receiver radio waves. An antenna can also be 

thought of as a transitional structure between free space and a guiding device (such as 

transmission line or waveguide). Usually antennas are metallic structures, but dielectric antennas 

are also used now a day. 

  a rigid metallic structure is called an "antenna" while the wire form is called an "aerial" 

LINE OF SIGHT (LOS) PROPAGATION: 

 

Among the modes of propagation, this line-of-sight propagation is the one, which we commonly 

notice. In the line-of-sight communication, as the name implies, the wave travels a minimum 

distance of sight. Which means it travels to the distance up to which a naked eye can see. Now 

what happens after that? We need to employ an amplifier cum transmitter here to amplify the 

signal and transmit again. 

This is better understood with the help of the following diagram. 

 

 
 

The figure depicts this mode of propagation very clearly. The line-of-sight propagation will not 

be smooth if there occurs any obstacle in its transmission path. As the signal can travel only to 

lesser distances in this mode, this transmission is used for infrared or microwave 

transmissions. 

 



GROUND WAVE PROPAGATION: 

Ground wave propagation of the wave follows the contour of earth. Such a wave is called 

as direct wave. The wave sometimes bends due to the Earth‟s magnetic field and gets reflected 

to the receiver. Such a wave can be termed as reflected wave. 

 

The above figure depicts ground wave propagation. The wave when propagates through the 

Earth‟s atmosphere is known as ground wave. The direct wave and reflected wave together 

contribute the signal at the receiver station. When the wave finally reaches the receiver, the lags 

are cancelled out. In addition, the signal is filtered to avoid distortion and amplified for clear 

output. 

Sky Wave Propagation 

Sky wave propagation is preferred when the wave has to travel a longer distance. Here the wave 

is projected onto the sky and it is again reflected back onto the earth. 

 

The sky wave propagation is well depicted in the above picture. Here the waves are shown to 

be transmitted from one place and where it is received by many receivers. Hence, it is an 

example of broadcasting. 



The waves, which are transmitted from the transmitter antenna, are reflected from the 

ionosphere. It consists of several layers of charged particles ranging in altitude from 30- 250 

miles above the surface of the earth. Such a travel of the wave from transmitter to the 

ionosphere and from there to the receiver on Earth is known as Sky Wave Propagation. 

Ionosphere is the ionized layer around the Earth‟s atmosphere, which is suitable for sky wave 

propagation. 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER-4: PROPAGATION 

PROPAGATION OF WAVES: 

        The process of communication involves the transmission of information from one 

location to another.  As we have seen, modulation is used to encode the information onto 

a carrier wave, and may involve analog or digital methods. It is only the characteristics 

of the carrier wave which determine how the signal will propagate over any significant 

distance.  This chapter describes the different ways that electromagnetic waves propagate. 

 

 

An electromagnetic wave is created by a local disturbance in the electric and 

magnetic fields.  From its origin, the wave will propagate outwards in all directions. 

If the medium in which it is propagating (air for example) is the same everywhere, 

the wave will spread out uniformly in all directions. 

 
Far from its origin, it will have spread out enough that it will appear have the same amplitude 

everywhere on the plane perpendicular to its direction of travel (in the near vicinity of the 

observer). This type of wave is called a plane wave. A plane wave is an idealization that allows 

one to think of the entire wave traveling in a single direction, instead of spreading out in all 

directions. 



 
Figure 2 

Electromagnetic waves propagate at the speed of light in a vacuum. In other mediums, like air or 

glass, the speed of propagation is slower. If the speed of light in a vacuum is given the symbol c0, 

and the speed in some a medium is c, we can define the index of refraction, n as:  

n = c0 / c 

 

REFLECTION 

        When a plane wave encounters a change in medium, some or all of it may propagate 

into the new medium or be reflected from it. The part that enters the new medium is 

called the transmitted portion and the other the reflected portion.  The part which 

is reflected has a very simple rule governing its behavior.  Make the following 

construction: 

 

Figure 3 



Angle of Incidence = the angle between the direction of propagation and a line perpendicular to 

the boundary, on the same side of the surface. Angle of Reflection = the angle between the 

direction of propagation of the reflected wave and a line perpendicular to the boundary, also on 

the same side of the surface. Then the rule for reflection is simply stated as:  

The angle of reflection = The angle of incidence 

REFRACTION 

        When the wave enters the new medium, the speed of propagation will change. 

In order to match the incident and transmitted wave at the boundary, the transmitted 

wave will change its direction of propagation.  For example, if the new medium has 

a higher index of refraction, which means the speed of propagation is lower, the 

wavelength will become shorter (frequency must stay the same because of the boundary 

conditions).  For the transmitted wave to match the incident wave at the boundary, 

the direction of propagation of the transmitted wave must be closer to perpendicular. 

The relationship between the angles and indices of refraction is given by Snell's Law: 

ni sinqI = nt sinqt 

ANTENNAS 

        Antennas couple the current flowing in wires or waveguides into electromagnetic 

waves in the air. The most basic form of the antenna is the dipole antenna. 

THE DIPOLE ANTENNA 

        This is nothing more than a straight piece wire.  When voltage is applied to 

the wire, current flows and the electrical charges pile up in either end.  A balanced 

set of positive and negative charges separated by some distance is called a dipole. 

The dipole moment is equal to the charge times the distance by which it is separated. 

 

Figure 7 



When an alternating voltage is applied the antenna, dipole moment oscillates up and down on the 

antenna, corresponding to the current. The oscillating current creates oscillating electric (E) and 

magnetic (H) fields which in turn generate more electric and magnetic fields. Thus a outward 

propagating electromagnetic wave is created. The electric field is oriented along the axis of the 

antenna and the magnetic field is perpendicular to both the electric field and the direction of 

propagation. The orientation of the fields is called the polarization. 

 

When the electromagnetic wave passes over a conducting material, it will create an oscillating 

current in it. Therefore, the same design (i.e. the dipole antenna) can be used to extract signals 

from the air as current in a circuit. For a center-fed dipole antenna to work most effectively, it 

should be exactly one-half wavelength long. Receiving antennas which do not require high 

sensitivity need not follow this rule. Transmitting antennas on the other generally do, except at 

very low frequencies. When the antenna is placed in the ground, called a ground-plane antenna, 

the optimum size is reduced by half again, due to signal reflection at the ground plane. This 

appears to make an image antenna of equal size below the ground which reduces the actual 

antenna requirement. So for ground-plane antennas, the optimum size is one-quarter wavelength. 



 

POLARIZATION 

        In the case of a dipole antenna, the electric field in aligned with the 

antenna axis and remains so as it propagates.  When the field remains in a particular 

direction the wave is considered to be linearly polarized.  For practical reasons, 

its orientation is usually resolved into a vertical and horizontal component. 

A vertical dipole antenna will create a vertical, linearly polarized electromagnetic wave.  A 

receiving antenna that is also aligned vertically will generate the largest current when exposed to 

the electromagnetic wave.  Therefore it is imperative to known the polarization type and 

direction of the transmitting antenna when trying to receive the signal.   

 

Example:  Commercial radio broadcasts come from large vertically oriented antennas. 

Therefore they are linearly vertically polarized signals and are best received by a 

vertical antenna.  So to maximize reception of a radio signal, hold the antenna upright. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER-5: SATELLITE COMMUNICATION 

INTRODUCTION: 

A satellite is a body that moves around another body in a mathematically predictable path 

called an Orbit. A communication satellite is nothing but a microwave repeater station in space 

that is helpful in telecommunications, radio, and television along with internet applications. 

A repeater is a circuit which increases the strength of the signal it receives and retransmits it. 

But here this repeater works as a transponder, which changes the frequency band of the 

transmitted signal, from the received one. 

The frequency with which the signal is sent into the space is called Uplink frequency, while 

the frequency with which it is sent by the transponder is Downlink frequency. 

The following figure illustrates this concept clearly. 

 

 

Now, let us have a look at the advantages, disadvantages and applications of satellite 

communications. 



SATELLITE COMMUNICATION − ADVANTAGES 

There are many Advantages of satellite communications such as − 

 Flexibility 

 Ease in installing new circuits 

 Distances are easily covered and cost doesn‟t matter 

 Broadcasting possibilities 

 Each and every corner of earth is covered 

 User can control the network 

SATELLITE COMMUNICATION − DISADVANTAGES 

Satellite communication has the following drawbacks − 

 The initial costs such as segment and launch costs are too high. 

 Congestion of frequencies 

 Interference and propagation 

SATELLITE COMMUNICATION − APPLICATIONS 

Satellite communication finds its applications in the following areas − 

 In Radio broadcasting. 

 In TV broadcasting such as DTH. 

 In Internet applications such as providing Internet connection for data transfer, GPS 

applications, Internet surfing, etc. 

 For voice communications. 

 For research and development sector, in many areas. 

 In military applications and navigations. 

The orientation of the satellite in its orbit depends upon the three laws called as Kepler‟s laws. 

 

 



KEPLER’S LAWS: 

Johannes Kepler (1571-1630) the astronomical scientist, gave 3 revolutionary laws, regarding 

the motion of satellites. The path followed by a satellite around its primary (the earth) is 

an ellipse. Ellipse has two foci - F1 and F2, the earth being one of them. 

If the distance from the center of the object to a point on its elliptical path is considered, then 

the farthest point of an ellipse from the center is called as apogee and the shortest point of an 

ellipse from the center is called as perigee. 

Kepler’s 1
st
 Law 

Kepler‟s 1
st
 law states that, “every planet revolves around the sun in an elliptical orbit, with sun 

as one of its foci.” As such, a satellite moves in an elliptical path with earth as one of its foci. 

The semi major axis of the ellipse is denoted as „a‟ and semi minor axis is denoted as b. 

Therefore, the eccentricity e of this system can be written as − 

e=a2−b2−−−−−−√ae=a2−b2a 

 Eccentricity (e) − It is the parameter which defines the difference in the shape of the 

ellipse rather than that of a circle. 

 Semi-major axis (a) − It is the longest diameter drawn joining the two foci along the 

center, which touches both the apogees (farthest points of an ellipse from the center). 

 Semi-minor axis (b) − It is the shortest diameter drawn through the center which 

touches both the perigees (shortest points of an ellipse from the center). 

 These are well described in the following figure. 



  

 For an elliptical path, it is always desirable that the eccentricity should lie in between 0 

and 1, i.e. 0 < e < 1 because if e becomes zero, the path will be no more in elliptical 

shape rather it will be converted into a circular path. 

Kepler’s 2
nd

 Law 

 Kepler‟s 2
nd

 law states that, “For equal intervals of time, the area covered by the satellite 

is equal with respect to the center of the earth.” 

 It can be understood by taking a look at the following figure. 



  

Suppose that the satellite covers p1 and p2 distances, in the same time interval, then the 

areas B1 and B2 covered in both instances respectively, are equal. 

Kepler’s 3
rd

 Law 

Kepler‟s 3
rd

 law states that, “The square of the periodic time of the orbit is proportional to the 

cube of the mean distance between the two bodies.” 

This can be written mathematically as 

T2αa3T2αa3 

Which implies 

T2=4π2GMa3T2=4π2GMa3 

Where 4π2GM4π2GM is the proportionality constant (according to Newtonian Mechanics) 

T2=4π2μa3T2=4π2μa3 

Where μ = the earth‟s geocentric gravitational constant, i.e. Μ = 3.986005 × 10
14

 m
3
/sec

2
 

1=(2πT)2a3μ1=(2πT)2a3μ 

1=n2a3μ⇒a3=μn21=n2a3μ⇒a3=μn2 



Where n = the mean motion of the satellite in radians per second 

The orbital functioning of satellites is calculated with the help of these Kepler‟s laws. 

Along with these, there is an important thing which has to be noted. A satellite, when it revolves 

around the earth, undergoes a pulling force from the earth which is the gravitational force. Also, 

it experiences some pulling force from the sun and the moon. Hence, there are two forces acting 

on it. They are − 

 Centripetal force − The force that tends to draw an object moving in a trajectory path, 

towards itself is called as centripetal force. 

 Centrifugal force − The force that tends to push an object moving in a trajectory path, 

away from its position is called as centrifugal force. 

So, a satellite has to balance these two forces to keep itself in its orbit. 

EARTH ORBITS: 

A satellite when launched into space, needs to be placed in a certain orbit to provide a particular 

way for its revolution, so as to maintain accessibility and serve its purpose whether scientific, 

military, or commercial. Such orbits which are assigned to satellites, with respect to earth are 

called as Earth Orbits. The satellites in these orbits are Earth Orbit Satellites. 

The important kinds of Earth Orbits are − 

 Geo Synchronous Earth Orbit 

 Medium Earth Orbit 

 Low Earth Orbit 

GEOSYNCHRONOUS EARTH ORBIT SATELLITES: 

A Geo-Synchronous Earth Orbit (GEO) satellite is one which is placed at an altitude of 

22,300 miles above the Earth. This orbit is synchronized with a side real day (i.e., 23hours 

56minutes). This orbit can have inclination and eccentricity. It may not be circular. This orbit 

can be tilted at the poles of the earth. But it appears stationary when observed from the Earth. 

The same geo-synchronous orbit, if it is circular and in the plane of equator, it is called as geo-

stationary orbit. These satellites are placed at 35,900kms (same as geosynchronous) above the 

Earth‟s Equator and they keep on rotating with respect to earth‟s direction (west to east). These 

satellites are considered stationary with respect to earth and hence the name implies. 



Geo-Stationary Earth Orbit Satellites are used for weather forecasting, satellite TV, satellite 

radio and other types of global communications. 

The following figure shows the difference between Geo-synchronous and Geo-stationary orbits. 

The axis of rotation indicates the movement of Earth. 

 

Note − Every geo-stationary orbit is a geo-synchronous orbit. But every geo-synchronous orbit 

is NOT a Geo-stationary orbit. 

MEDIUM EARTH ORBIT SATELLITES: 

Medium Earth Orbit (MEO) satellite networks will orbit at distances of about 8000 miles 

from the earth's surface. Signals transmitted from a MEO satellite travel a shorter distance. This 

translates to improved signal strength at the receiving end. This shows that smaller, more 

lightweight receiving terminals can be used at the receiving end. 

Since the signal is travelling a shorter distance to and from the satellite, there is less 

transmission delay. Transmission delay can be defined as the time it takes for a signal to travel 

up to a satellite and back down to a receiving station. 

For real-time communications, the shorter the transmission delay, the better will be the 

communication system. As an example, if a GEO satellite requires 0.25 seconds for a round 

trip, then MEO satellite requires less than 0.1 seconds to complete the same trip. MEOs 

operates in the frequency range of 2 GHz and above. 



LOW EARTH ORBIT SATELLITES: 

The Low Earth Orbit (LEO) satellites are mainly classified into three categories namely, little 

LEOs, big LEOs, and Mega-LEOs. LEOs will orbit at a distance of 500 to 1000 miles above the 

earth's surface. 

This relatively short distance reduces transmission delay to only 0.05 seconds. This further 

reduces the need for sensitive and bulky receiving equipment. Little LEOs will operate in the 

800 MHz (0.8 GHz) range. Big LEOs will operate in the 2 GHz or above range, and Mega-

LEOs operates in the 20-30 GHz range. 

The higher frequencies associated with Mega-LEOs translates into more information carrying 

capacity and yields to the capability of real-time, low delay video transmission scheme. 

The following figure depicts the paths of LEO, MEO, and GEO. 

 

 

 


