
EARLY FORMS OF LONG-DISTANCE COMMUNICATION 

In this material, you will learn about Telegraphy, Telephone and GSM architecture  

Before the development of the electric telegraph in the 19th century revolutionized how information was 

transmitted across long distances, ancient civilizations such as those in China, Egypt and Greece used drumbeats 

or smoke signals to exchange information between far-flung points. However, such methods were limited by the 

weather and the need for an uninterrupted line of sight between receptor points. These limitations also lessened 

the effectiveness of the semaphore, a modern precursor to the electric telegraph. Developed in the early 1790s, 

the semaphore consisted of a series of hilltop stations that each had large movable arms to signal letters and 

numbers and two telescopes with which to see the other stations. Like ancient smoke signals, the semaphore was 

susceptible to weather and other factors that hindered visibility. A different method of transmitting information 

was needed to make regular and reliable long-distance communication workable. 

Did You Know? 

SOS, the internationally recognized distress signal, does not stand for any particular words. Instead, the letters 

were chosen because they are easy to transmit in Morse code: "S" is three dots, and "O" is three dashes. 

The Electric Telegraph  

In the early 19th century, two developments in the field of electricity opened the door to the production of the 

electric telegraph. First, in 1800, the Italian physicist Alessandro Volta (1745-1827) invented the battery, which 

reliably stored an electric current and allowed the current to be used in a controlled environment. Second, in 

1820, the Danish physicist Hans Christian Oersted (1777-1851) demonstrated the connection between electricity 

and magnetism by deflecting a magnetic needle with an electric current. While scientists and inventors across the 

world began experimenting with batteries and the principles of electromagnetism to develop some kind of 

communication system, the credit for inventing the telegraph generally falls to two sets of researchers: Sir 

William Cooke (1806-79) and Sir Charles Wheatstone (1802-75) in England, and Samuel Morse, Leonard Gale 

(1800-83) and Alfred Vail (1807-59) in the U.S. 

In the 1830s, the British team of Cooke and Wheatstone developed a telegraph system with five magnetic 

needles that could be pointed around a panel of letters and numbers by using an electric current. Their system 

was soon being used for railroad signaling in Britain. During this time period, the Massachusetts-born, Yale-

educated Morse (who began his career as a painter), worked to develop an electric telegraph of his own. He 

reportedly had become intrigued with the idea after hearing a conversation about electromagnetism while sailing 

from Europe to America in the early 1830s, and later learned more about the topic from American physicist 

Joseph Henry (1797-1878). In collaboration with Gale and Vail, Morse eventually produced a single-circuit 

telegraph that worked by pushing the operator key down to complete the electric circuit of the battery. This 

action sent the electric signal across a wire to a receiver at the other end. All the system needed was a key, a 

battery, wire and a line of poles between stations for the wire and a receiver. 

Morse Code  

To transmit messages across telegraph wires, in the 1830s Morse and Vail created what came to be known as 

Morse code. The code assigned letters in the alphabet and numbers a set of dots (short marks) and dashes (long 

marks) based on the frequency of use; letters used often (such as “E”) got a simple code, while those used 

infrequently (such as “Q”) got a longer and more complex code. Initially, the code, when transmitted over the 

telegraph system, was rendered as marks on a piece of paper that the telegraph operator would then translate 

back into English. Rather quickly, however, it became apparent that the operators were able to hear and 

understand the code just by listening to the clicking of the receiver, so the paper was replaced by a receiver that 

created more pronounced beeping sounds. 



 

 

Rise and Decline of the Telegraph System  

In 1843, Morse and Vail received funding from the U.S. Congress to set up and test their telegraph system 

between Washington, D.C., and Baltimore, Maryland. On May 24, 1844, Morse sent Vail the historic first 

message: “What hath God wrought!” The telegraph system subsequently spread across America and the world, 

aided by further innovations. Among these improvements was the invention of good insulation for telegraph 

wires. The man behind this innovation was Ezra Cornell (1807-74), one of the founders of the university in New 

York that bears his name. Another improvement, by the famed inventor Thomas Alva Edison (1847-1931) in 

1874, was the Quadruplex system, which allowed for four messages to be transmitted simultaneously using the 

same wire. 

Use of the telegraph was quickly accepted by people eager for a faster and easier way of sending and receiving 

information. However, widespread and successful use of the device required a unified system of telegraph 

stations among which information could be transmitted. The Western Union Telegraphy Company, founded in 

part by Cornell, was at first only one of many such companies that developed around the new medium during the 

1850s. By 1861, however, Western Union had laid the first transcontinental telegraph line, making it the first 

nationwide telegraph company. Telegraph systems spread across the world, as well. Extensive systems appeared 

across Europe by the later part of the 19th century, and by 1866 the first permanent telegraph cable had been 

successfully laid across the Atlantic Ocean; there were 40 such telegraph lines across the Atlantic by 1940. 

The electric telegraph transformed how wars were fought and won and how journalists and newspapers 

conducted business. Rather than taking weeks to be delivered by horse-and-carriage mail carts, pieces of news 

could be exchanged between telegraph stations almost instantly. The telegraph also had a profound economic 

effect, allowing money to be “wired” across great distances. 

Even by the end of the 19th century, however, new technologies began to emerge, many of them based on the 

same principles first developed for the telegraph system. In time, these new technologies would overshadow the 

telegraph, which would fall out of regular widespread usage. Although the telegraph has since been replaced by 

the even more convenient telephone, fax machine and Internet, its invention stands as a turning point in world 

history. Samuel Morse died in New York City at the age of 80 on April 2, 1872. 
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Alexander Graham Bell - Evolution of the Telegraph into the Telephone 
In the 1870s, two inventors Elisha Gray and Alexander Graham Bell both independently designed devices that 

could transmit speech electrically (the telephone). Both men rushed their respective designs to the patent office 

within hours of each other, Alexander Graham Bell patented his telephone first. Elisha Gray and Alexander 

Graham Bell entered into a famous legal battle over the invention of the telephone, which Bell won. 

The telegraph and telephone are both wire-based electrical systems, and Alexander Graham Bell's success with 

the telephone came as a direct result of his attempts to improve the telegraph. When Bell began experimenting 

with electrical signals, the telegraph had been an established means of communication for some 30 years. 

Although a highly successful system, the telegraph, with its dot-and-dash Morse code, was basically limited to 

receiving and sending one message at a time. Bell's extensive knowledge of the nature of sound and his 

understanding of music enabled him to conjecture the possibility of transmitting multiple messages over the 

same wire at the same time. Although the idea of a multiple telegraph had been in existence for some time, Bell 

offered his own musical or harmonic approach as a possible practical solution. His "harmonic telegraph" was 

based on the principle that several notes could be sent simultaneously along the same wire if the notes or signals 

differed in pitch. 

 Alexander Graham Bell - Talk with Electricity 

By October 1874, Bell's research had progressed to the extent that he could inform his future father-in-law, 

Boston attorney Gardiner Greene Hubbard, about the possibility of a multiple telegraph. Hubbard, who resented 

the absolute control then exerted by the Western Union Telegraph Company, instantly saw the potential for 

breaking such a monopoly and gave Bell the financial backing he needed. Bell proceeded with his work on the 

multiple telegraphs, but he did not tell Hubbard that he and Thomas Watson, a young electrician whose services 

he had enlisted, were also exploring an idea that had occurred to him that summer - that of developing a device 

that would transmit speech electrically. While Alexander Graham Bell and Thomas Watson worked on the 

harmonic telegraph at the insistent urging of Hubbard and other backers, Bell nonetheless met in March 1875 

with Joseph Henry, the respected director of the Smithsonian Institution, who listened to Bell's ideas for a 

telephone and offered encouraging words. Spurred on by Henry's positive opinion, Bell and Watson continued 

their work. By June 1875 the goal of creating a device that would transmit speech electrically was about to be 

realized. They had proven that different tones would vary the strength of an electric current in a wire. To achieve 

success they therefore needed only to build a working transmitter with a membrane capable of varying electronic 

currents and a receiver that would reproduce these variations in audible frequencies. 

 

 First Sounds – Twang 

On June 2, 1875, Alex. G. Bell while experimenting with his technique called "harmonic telegraph" discovered 

he could hear sound over a wire. The sound was that of a twanging clock spring. Bell's greatest success was 

achieved on March 10, 1876, marked not only the birth of the telephone but the death of the multiple telegraph 

as well. The communications potential contained in his demonstration of being able to "talk with electricity" far 

outweighed anything that simply increasing the capability of a dot-and-dash system could imply. 

 

 First Voice - Mr. Watson, come here. I want to see you. 
Alexander Graham Bell's notebook entry of 10 March 1876 describes his successful experiment with the 

telephone. Speaking through the instrument to his assistant, Thomas A. Watson, in the next room, Bell utters 

these famous first words, "Mr. Watson -- come here -- I want to see you." 

  

Alexander Graham Bell - Brief Biography 

Born on March 3, 1847, in Edinburgh, Scotland, Alexander Graham Bell was the son and grandson of authorities 

in elocution and the correction of speech. Educated to pursue a career in the same specialty, his knowledge of the 

nature of sound led him not only to teach the deaf, but also to invent the telephone. Never be discouraged for 

having a choice of study at the University. God knows why; appreciate who you are today and think of c you 

want to make to impact the lives of society. Like Bell, you don’t need to have scientific background to lead 

scientific innovation. You have the power to change the world with your little taught invention or innovation.   
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Evolutions of the Telephone architecture  

1. Service Lines and Switchboards 

In 1877, construction of the first regular telephone line from Boston to Somerville, Massachusetts was 

completed. By the end of 1880, there were 47,900 telephones in the United States. The following year telephone 

service between Boston and Providence had been established. Service between New York and Chicago started in 

1892, and between New York and Boston in 1894. Transcontinental service by overhead wire was not 

inaugurated until 1915. The first switchboard was set up in Boston in 1877. On January 17, 1882, Leroy Firman 

received the first patent for a telephone switchboard. 

2. Bell Telephone 

The first Bell telephone company started in 1878. This is now known as the American Telephone and Telegraph 

Company (AT&T), which was incorporated in 1885. Erna Schneider Hoover began working for Bell Labs in 

1945, and in 1971 she patented the first computerized telephone exchange. 

3. Exchanges and Rotary Dialing 

The first regular telephone exchange was established in New Haven in 1878. Early telephones were leased in 

pairs to subscribers. The subscriber was required to put up his own line to connect with another. In 1889, Almon 

B. Strowger a Kansas City undertaker, invented a switch that could connect one line to any of 100 lines by using 

relays and sliders. This switch became known as "The Strowger Switch" and was still in use in some telephone 

offices well over 100 years later. Almon Strowger was issued a patent on March 11, 1891 for the first automatic 

telephone exchange. 

The first exchange using the Strowger switch was opened in La Porte, Indiana in 1892 and initially subscribers 

had a button on their telephone to produce the required number of pulses by tapping. 

An associate of Strowgers' invented the rotary dial in 1896 which replaced the button. In 1943, Philadelphia was 

the last major area to give up dual service (rotary and button). 

4. Pay Phones 

In 1889, the first coin-operated telephone or pay phone was patented William Gray of by Hartford, Connecticut. 

Gray's pay phone was first installed and used in the Hartford Bank. 

5. Touch-Tone Phones 

In 1941, the first touch-tone system that used tones in the voice frequency range rather than pulses generated by 

rotary dials was installed in Baltimore, MD. 

6. Cordless Phone 

In the 1970s, cordless phones were introduced. In 1986, the Federal Communications Commission or FCC 

granted the frequency range of 47-49 MHz for cordless phones. Granting a greater frequency range allowed 

cordless phones to have less interference and need less power to run. In 1990, the FCC granted the frequency 

range of 900 MHz for cordless phones. In 1994, digital cordless phones and in 1995, digital spread spectrum 

(DSS) were both respectively introduced. Both developments were intended to increase the security of cordless 

phones and decrease unwanted eavesdropping by enabling the phone conversation to be digitally spreadout. 

7. Cell Phones 

http://inventors.about.com/library/inventors/blhoover.htm


In 1947, research into cell phones technology began with an examination of the limited mobile (car) phones of 

the times. Scientists realized that by using small cells (range of service area) with frequency reuse they might be 

able to increase the traffic capacity of mobile phones substantially. 

8. GSM Architecture- The outstanding Evolution 

Evolution of Mobile Technology: A Brief History of 1G, 2G, 3G and 4G Mobile Phones 

Mobile phone technology is continuously evolving, seemingly at an accelerating rate of innovation and adoption. 

Examining the strides taken from 1G to 4G, the technology has both created new usage patterns and learned 

from unexpected use cases. Here's a brief history of mobile telephony. 

 Early History of Mobile Technology 

In 1857, Clark Maxwell derived a theory of electromagnetic radiation, which Guglielmo Marconi used as a basis 

for the invention of radio transmission in 1901. This was a great achievement; however, it was unable to achieve 

reasonable data transmission rates for over a half-century. 

The first precursors to modern mobile telephony were introduced in the late 1940s in the United States and in the 

1950s in Europe. These early "mobile" phones were heavily constrained by limited mobility and poor service. 

The devices were heavy and also extremely expensive. 

 1G: First Generation Cellular Phones 

In the 1970s, the First Generation, or 1G, mobile networks were introduced. These systems were referred to as 

cellular, which was later shortened to "cell", due to the method by which the signals were handed off between 

towers. Cell phone signals were based on analog system transmissions, and 1G devices were comparatively less 

heavy and expensive than prior devices. Some of the most popular standards deployed for 1G systems were 

Advanced Mobile Phone System (AMPS), Total Access Communication Systems (TACS) and Nordic Mobile 

Telephone (NMT). The global mobile phone market grew from 30 to 50 percent annually with the appearance of 

the 1G network, and the number of subscribers worldwide reached approximately 20 million by 1990. 

2G: GSM and GPRS Networks 

In the early 1990s, 2G phones deploying GSM technology were introduced. Global System for Mobile 

communications or GSM uses digital modulation to improve voice quality but the network offers limited data 

service. As demand drove uptake of cell phones, 2G carriers continued to improve transmission quality and 

coverage. The 2G carriers also began to offer additional services, such as paging, faxes, text messages and 

voicemail. The limited data services under 2G included WAP, HSCSD and MLS.  

 

2.5G: An intermediary phase, 2.5G was introduced in the late 1990s. It uses the GPRS standard, which delivers 

packet-switched data capabilities to existing GSM networks. It allows users to send graphics-rich data as 

packets. The importance for packet-switching increased with the rise of the Internet and the Internet Protocol, or 

IP. The EDGE network is an example of 2.5G mobile technology. 

 

 

 

 

3G: GSM Networks & Advance Multimedia Streaming via Mobile  
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The 3G revolution allowed mobile telephone customers to use audio, graphics and video applications. Over 3G it 

is possible to watch streaming video and engage in video telephony, although such activities are severely 

constrained by network bottlenecks and over-usage. One of the main objectives behind 3G was to standardize on 

a single global network protocol instead of the different standards adopted previously in Europe, the U.S. and 

other regions. 3G phone speeds deliver up to 2 Mpbs, but only under the best conditions and in stationary mode. 

Moving at a high speed can drop 3G bandwidth to a mere 145 Kbps. 3G cellular services, also known as UMTS, 

sustain higher data rates and open the way to Internet style applications. 3G technology supports both packet and 

circuit switched data transmission, and a single set of standards can be used worldwide with compatibility over a 

variety of mobile devices. UMTS delivers the first possibility of global roaming, with potential access to the 

Internet from any location. 

3.5G: An intermediary phase, 3.5G was introduced in the late 2000s. It integrates WCDM technology on the 

GSM platform to improve packet-switched data (internet) streaming via the mobile. The WCDMA is known to 

support data services compared to the GSM technology in terms of speed and streaming quality. It allows users 

to send graphics-rich data as packets. The importance for packet-switching increased with the rise of the Internet 

and the Internet Protocol, or IP.  

4G: High-Speed 4G Mobile Networks 

The current generation of mobile telephony, 4G has been developed with the aim of providing transmission rates 

up to 20 Mbps while simultaneously accommodating Quality of Service (QoS) features. QoS will allow you and 

your telephone carrier to prioritize traffic according to the type of application using your bandwidth and adjust 

between your different telephone needs at a moment's notice. Only now are we beginning to see the potential of 

4G applications. They are expected to include high-performance streaming of multimedia content. The 

deployment of 4G networks will also improve video conferencing functionality. It is also anticipated that 4G 

networks will deliver wider bandwidth to vehicles and devices moving at high speeds within the network area. 

 

Using Modem: How to choose best/high speed service provider Modem for Internet Access.  

You can only buy a modem and get the best speed based on your community where the modem will be used 

often. Here are the real-life speed ranges of the various mobile wireless standards commonly used. Your modem 

will display the type of network in your community. To can get the best speed of internet streaming, if your 

modem indicates any of the following UMTS, HSPA, WCDMA, WiMA/LTE in a stable state often.  

GSM (Global System for Mobile Communications) 2G -- 9.6Kbps 

GPRS (General packet radio services) 2.5G -- 35Kbps to 171kbps 

EDGE (Enhanced Data rates for GSM Evolution) 2.75G -- 120Kbps to 384Kbps 

UMTS (Universal Mobile Telecommunications System) 3G -- 384Kbps to 2Mbps 

HSPA (software upgrade to UMTS, theoretical 42Mbps) 3.5G -- 600Kbps to 10Mbps, averages 1-3Mbps 

WiMAX/LTE "4G" (theoretical 100Mbps) -- 3Mbps to 10Mbps average, 20Mbps+ peak download speeds. 

 

 

 

 

 

Basic Gsm Architecture 

http://www.brighthub.com/computing/windows-platform/articles/20491.aspx
http://www.brighthub.com/mobile/emerging-platforms/articles/69017.aspx


 

 

A GSM network comprises of many functional units. These functions and interfaces are explained. The GSM 

network can be broadly divided into: 

 The Mobile Station (MS) 

 The Base Station Subsystem (BSS) 

 The Network Switching Subsystem (NSS) 

 The Operation Support Subsystem (OSS) (NB: Not clearly shown in above Architecture-This is where 

the network Monitoring staff and control sub-systems are located)  

The MS consists of the physical equipment, such as the radio transceiver, display and digital signal processors, 

and the SIM card. It provides the air interface to the user in GSM networks. As such, other services are also 

provided, which include: 

 Voice teleservices 

 Data bearer services 

 The features' supplementary services 

 

The MS Functions 

The MS also provides the receptor for SMS messages, enabling the user to toggle between the voice and data 

use. Moreover, the mobile facilitates access to voice messaging systems. The MS also provides access to the 

various data services available in a GSM network. These data services include: 

 X.25 packet switching through a synchronous or asynchronous dial-up connection to the PAD at speeds 

typically at 9.6 Kbps. 

http://www.tutorialspoint.com/gsm/gsm_mobile_station.htm
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 General Packet Radio Services (GPRSs) using either an X.25 or IP based data transfer method at speeds 

up to 115 Kbps. 

 High speed, circuit switched data at speeds up to 64 Kbps. 

What is SIM? 

The SIM provides personal mobility so that the user can have access to all subscribed services irrespective of 

both the location of the terminal and the use of a specific terminal. You need to insert the SIM card into another 

GSM cellular phone to receive calls at that phone, make calls from that phone, or receive other subscribed 

services. 

The BSS is composed of two parts: 

 The Base Transceiver Station (BTS) 

 The Base Station Controller (BSC) 

The BTS and the BSC communicate across the specified Abis interface, enabling operations between 

components that are made by different suppliers. The radio components of a BSS may consist of four to seven or 

nine cells. A BSS may have one or more base stations. The BSS uses the Abis interface between the BTS and the 

BSC. A separate high-speed line (T1 or E1) is then connected from the BSS to the Mobile MSC. 

 

The Base Transceiver Station (BTS) 

The BTS houses the radio transceivers that define a cell and handles the radio link protocols with the MS. In a 

large urban area, a large number of BTSs may be deployed. 

 
 

 

The BTS corresponds to the transceivers and antennas used in each cell of the network. A BTS is usually placed 

in the center of a cell. Its transmitting power defines the size of a cell. Each BTS has between 1 and 16 



transceivers, depending on the density of users in the cell. Each BTS serves as a single cell. It also includes the 

following functions: 

 Encoding, encrypting, multiplexing, modulating, and feeding the RF signals to the antenna 

 Transcoding and rate adaptation 

 Time and frequency synchronizing 

 Voice through full- or half-rate services 

 Decoding, decrypting, and equalizing received signals 

 Random access detection 

 Timing advances 

 Uplink channel measurements 

The Base Station Controller (BSC) 
The BSC manages the radio resources for one or more BTSs. It handles radio channel setup, frequency hopping, 

and handovers. The BSC is the connection between the mobile and the MSC. The BSC also translates the 13 

Kbps voice channel used over the radio link to the standard 64 Kbps channel used by the Public Switched 

Telephone Network (PSDN) or ISDN. It assigns and releases frequencies and time slots for the MS. The BSC 

also handles intercell handover. It controls the power transmission of the BSS and MS in its area. The function of 

the BSC is to allocate the necessary time slots between the BTS and the MSC. It is a switching device that 

handles the radio resources. Additional functions include: 

 Control of frequency hopping 

 Performing traffic concentration to reduce the number of lines from the MSC 

 Providing an interface to the Operations and Maintenance Center for the BSS 

 Reallocation of frequencies among BTSs 

 Time and frequency synchronization 

 Power management 

 Time-delay measurements of received signals from the MS 

The Network switching system (NSS), the main part of which is the Mobile Switching Center (MSC), performs 

the switching of calls between the mobile and other fixed or mobile network users, as well as the management of 

mobile services such as authentication. 

 

The switching system includes the following functional elements: 

Home Location Register (HLR) 
The HLR is a database used for storage and management of subscriptions. The HLR is considered the most 

important database, as it stores permanent data about subscribers, including a subscriber's service profile, 

location information, and activity status. When an individual buys a subscription in the form of SIM, then all the 

information about this subscription is registered in the HLR of that operator. 

Mobile Services Switching Center (MSC) 
The central component of the Network Subsystem is the MSC. The MSC performs the switching of calls 

between the mobile and other fixed or mobile network users, as well as the management of mobile services such 

as registration, authentication, location updating, handovers, and call routing to a roaming subscriber. It also 



performs such functions as toll ticketing, network interfacing, common channel signaling, and others. Every 

MSC is identified by a unique ID. 

Visitor Location Register (VLR) 
The VLR is a database that contains temporary information about subscribers that is needed by the MSC in order 

to service visiting subscribers. The VLR is always integrated with the MSC. When a mobile station roams into a 

new MSC area, the VLR connected to that MSC will request data about the mobile station from the HLR. Later, 

if the mobile station makes a call, the VLR will have the information needed for call setup without having to 

interrogate the HLR each time. 

Authentication Center (AUC) 
The Authentication Center is a protected database that stores a copy of the secret key stored in each subscriber's 

SIM card, which is used for authentication and ciphering of the radio channel. The AUC protects network 

operators from different types of fraud found in today's cellular world. 

Equipment Identity Register (EIR) 
The Equipment Identity Register (EIR) is a database that contains a list of all valid mobile equipment on the 

network, where its International Mobile Equipment Identity (IMEI) identifies each MS. An IMEI is marked as 

invalid if it has been reported stolen or is not type approved. 

The operations and maintenance center (OMC) is connected to all equipment in the switching system and to the 

BSC. The implementation of OMC is called the operation and support system (OSS). 

Here are some of the OMC functions: 

 Administration and commercial operation (subscription, end terminals, charging and statistics). 

 Security Management. 

 Network configuration, Operation and Performance Management. 

 Maintenance Tasks. 

The operation and Maintenance functions are based on the concepts of the Telecommunication Management 

Network (TMN), which is standardized in the ITU-T series M.30. 

Following is the figure, which shows how OMC system covers all the GSM elements. 

 

The OSS is the functional entity from which the network operator monitors and controls the system. The purpose 

of OSS is to offer the customer cost-effective support for centralized, regional, and local operational and 

maintenance activities that are required for a GSM network. An important function of OSS is to provide a 

network overview and support the maintenance activities of different operation and maintenance organizations. 
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