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Introduction to Cable Television 

SECTION 1 
 

Filling a Need 

The need for the public to view a clear television picture created the cable television industry In 

the early 1940s, the most practical way to deliver regular television broadcasts was the use of the 
airwaves or electromagnetic spectrum. It was the most economical method, yet it had its share of 

problems and limitations. The most evident limitation was that television signals travel in a line of 
sight fashion. They can be severely weakened or completely blocked by objects in their path. Placing 

an antenna on the home's rooftop can help overcome this limitation. As a result, the use of these 
antennae became extremely widespread. 

Geographical, man made, or environmental obstacles such as mountains, buildings and 
storms, interfere with line of sight transmissions. 

Some factors that drove people to improve on the rooftop antenna were high cost, the need for 
regular maintenance, and the scarcity of a signal, good or bad, to be received. 

Building on the master antenna system concept used in large buildings, people developed the idea 
of a community antenna. The basic idea of using a single reception point and a network of conductors 

to distribute the signals was developed in the late 1940s. It was a concept that was being developed in 
several locations at once. Ed Parsons of Astoria Oregon is credited with being the first in operation in 

1948. The result of the early systems was the basic techniques still in use today: coaxial cables placed 
in public right-of-ways under an agreement with each city. 

With the existing technology, early cable operators had some severe 
limitations by today's standards for channel capacity and dependability. 

Even so, the ability to provide superior picture quality on even a single 
channel filled a need that people were willing to pay for. Many early cable 

operators were capable of carrying up to five channels. In addition to the 
three major networks, operators could originate their own programming. 

They also had the option of importing television signals from distant sources 
via microwave links. 

Filling a need for clear television reception and a variety of 
programming proved to be a profitable industry. 
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Cable television services have continued to grow and diversify as people's needs have. The 

following timeline and graph illustrate this. 

Cable History Timeline 
 

Time Event 

1948 Community Antenna Systems initiated in Pennsylvania, Oregon, and Washington 

1950 Lansford Pennsylvania developed CATV system using coaxial cables attached to utility poles 

1950s Remote areas began receiving CATV services that previously had no television available 

1960s Introduction of transistorized amplifiers allows broadband amplification-improving reliability 

1970s Improvement in amplifier quality led to a further increase in channel capacity 

1975 Home Box Office began delivering movies to cable operators creating early premium services 

1980s Feed forward and Power doubling amplifiers allow channel capacity to expand to 86 channels 

1990s Fiber Optic technology further expands channel capacity an improves reliability 

2000 Increased bandwidth and reliability lead to new CATV products including interactive services 
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Franchising 
Cable services are delivered by companies that are awarded franchises by city, county 

or state governments to serve local communities. This agreement authorizes the company to 

install cabling and offer services within the community using public lands and easements. 
Franchise agreements are generally awarded for 15 to 20 years and may not be exclusive; 

that is, multiple cable operators may offer services in the same community. 
Franchise agreements also determine the amount of the local communications services 

tax that will be passed to cable customers. Each local taxing jurisdiction (municipality, 
charter, county, or unincorporated county) has a specific tax rate for that jurisdiction. The 

local tax rate seen on subscriber bill will vary by franchise area. In addition to the local tax, 
subscribers must also pay a state communications services tax and FCC regulatory fee 

unless they are tax exempt. 
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FCC Regulation 
The Federal Communications Commission (FCC), located in 

Washington DC, is the agency primarily responsible for ensuring that 

individual cable systems comply with the laws and regulations 
governing the cable industry. Laws such as the "Cable Act of 1992" 

and the "Telecommunications ACT of 1996" regulate such things as 
certain rates cable systems may charge and what programs cable systems must 

carry. They provide a blueprint for the telecommunications marketplace of the 
future. 

 
 

Section 1 Review Questions 

1.   What were some of the factors that initially drove people to improve on the rooftop antenna 

system? 

2. What was community antenna television? 

3. What kind of obstacles can interfere with line of site transmissions? 

4.   What kind of agreement authorizes cable operators to install cabling on public lands and 

easements of local communities? 

5.   Which government agency is responsible for ensuring that individual cable systems comply with 

laws and regulations governing the cable industry? 

6.   What two areas of improvement most contributed to the development of interactive services? 

7. How many channels could the cable subscribers expect to get in the early 1960s? 

8. What need of the public created the cable television industry? 

9.   Can cable operators currently decide on their own how much to charge customers and which 

channels they will offer them? 

10. May more than one cable operator make its services available to a single community? 
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Introduction to Cable Television 

SECTION 2 
 

Signal Basics 
Cable television networks are based on moving signals from one point to another. Therefore, 

having a basic knowledge of what electronic signals are, how they behave, and how they are used 

is essential to understanding cable television. 

An electronic signal is an electrical quantity of voltage, current and frequency. Variations 

of these values represent information, a.k.a., intelligence. Receivers such as televisions or 

modems can use this intelligence to produce a desired effect, i.e., color video with sound. 

 Voltage:  A force that moves electrons, (electrons are sub-atomic particles). The unit of 

measure for voltage is the volt. 

 A home electrical receptacle provides around 110 volts. 

 A car battery provides around 12 volts. 

 A cable television outlet provides about .001 volts. 

 Current:  The flow of electrons through a conductor. The unit of measure for the current 

is the ampere. 

 Typical house wiring passes up to 15 amperes of current. 

 Automobile battery cables must pass around 200 amperes of current at start up. 

 Cable television house wiring typically pass .000013 amperes of current. 

 Frequency:  The number of full alternations of a signal in one second. This term refers 
to alternating current circuits only. The unit of measure for frequency is hertz. 

 

 Alternating Current Direct Current 
 

A.  B. 
 

 1 second* 1 second 
 

 

In an AC (alternating current) circuit, current starts flowing in a positive direction, then 

changes direction and flows in a negative direction. In (A.) two complete cycles are made 

within 1 second. It is a 2-hertz signal. In (B.) current flows in one direction only. 

In the United States, the house power frequency is 60 hertz. The frequency of the power 

from a car battery is 0 hertz because it is a DC circuit. A cable television wire can carry many 
different frequencies from 5,000,000 hertz up to 1,000,000,000 hertz. 
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Electronic signals can be transported from one point to another via many different methods. 
Over the air broadcast, Microwave link, Satellite link, conductors (wires), fiber optics (light) are 

all common methods of signal transport. All of these can be used to collect signals at the cable 
company. The two main ways the signals get to the customer from the cable company are 

conductors and fiber optics. 
An effect of signals that have a frequency higher than 3,000 hertz is that they travel through the 

airwaves easily. In fact, it takes a special kind of wire to keep signals with these frequencies on the 

wire. It is this phenomenon that makes broadcast radio and television possible. These signals are 

called RF (radio frequency). 

The three types of signals that make the cable television distribution system work are AC 

(alternating current), DC (direct current) and RF. AC and DC are associated with providing 

operating power to amplification devices that extend the distance that the cable system can reach. RF 

signals contain (are modulated by) the actual information that makes up the service that the cable 

company provides. RF signals have a frequency of 10,000 hertz to 300,000,000,000 hertz. 
 

Prefix Amount Abbreviation 

Giga 1,000,000,000 G 

Mega 1,000,000 M 

Kilo 1,000 K 

Base Unit 1  

milli .001 m 

micro .000001 m 

nano .00000001 n 

 

When working with numbers that are extremely large or small, it can be helpful to use 

scientific notation. A working knowledge of scientific notation is important in the study of electronic 

operations such as cable television. The scientific notation system is all based on powers of 10. Take 

a look at the following table and work through the exercises in the use of scientific notation. 

Reduce the following terms to forms that are easier to work with using scientific notation. 

1. The frequency of a signal was 55,250,000 hertz. 55,250,000 hertz  =  Megahertz 

2. The voltage on a power line was 250,000 volts.      250,000 volts   =  JCillovolts 

3. A radio tuner received a signal of .00002 volts. .00002 volts  =  microvolts 

 

Spectrum Usage and Signal Leakage 
The Federal Communications Commission (FCC) controls the cable operator's use of the 

electromagnetic spectrum. It assigns the use of radio frequencies on the airwaves and monitors the use 

of the spectrum. As closed systems that do not distribute their signals over the airwaves, cable 

operators may use frequencies that are assigned to others as long as they are not allowed to escape 

from the cable system and cause interference. Frequency allocation charts are published annually. 

They show who is using which frequency. 

Because of the fact that these frequencies are shared and that many of them are sensitive to 

interference, cable operators must follow strict regulations concerning the amount of signal that 

escapes from their cable system into the airwaves. In order to judge the overall performance of cable 

systems, a formula was developed to grade them. This formula is called the Cumulative Leakage 

Index or CLI. A cable system's CLI rating determines if they will be permitted to continue sending the 

borrowed signal frequencies through their systems. Needless to say, this puts CLI control high on the 

"to do" list of responsible cable operators. 
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CLI should be controlled for another reason as well. When breaks or poor connections on a 

cable allow signals to escape, the same breaks also allow other signals to enter the cable plant. These 

signals often cause interference and poor picture quality at the subscriber's TV. So controlling CLI 

not only satisfies other signal users, but also helps maintain customer satisfaction. There are several 

interchangeable terms concerning these interferences that you should become familiar with. 

When signals escape the cables through poor connections into the atmosphere, it is known as: 

• Signal Leakage 

• Signal Radiation 

• Signal Egress 

When signals enter the cables through poor connections, it is referred to as: 

• Signal Ingress 

• Interference 

 

Signal Loss 
As RF signals travel down conductors, they lose strength. Eventually they dissipate down to 

unusable levels. In order to compensate for this loss, the signals must be amplified every so often as 

they make their journey from point A to point B. Therefore, it is important to know how much signal 

loss will occur. This tells us if or when signals will need that amplification. The amount of signal loss 

is dependant on many factors; things such as cable length and thickness (cross sectional area), cable 

type, the temperature and the frequency of the signals in question all play a part. 

Realize that alternating current is affected by additional resistance as it flows down a 

conductor. This AC resistance is known as inductance. As frequency increases so does inductance. 

Therefore higher frequency signals encounter greater resistance between point A and point B than do 

lower frequency signals. 

Mastering the ability to predict the signal strength that should be present at any point in 

the cable system is one important key to becoming a proficient troubleshooter. 

 

Signal Measurement 
Measuring signal strength is made simple through the use of dB (decibel) and dBmV (decibel 

millivolt). Without the use of decibel terms for signal strength measurements, very long numbers like 

microvolts and microwatts would have to be used in order to figure signal strength. 

The dBmV reference scale is an extremely useful tool when measuring signal strengths, in this 

scale 0 dBmV does not mean nothing, but rather .001 volts at 75 ohms of resistance. As signal 

strengths drop below this point, negative numbers are used to express the level. Likewise, as signal 

strengths rise above that level, positive numbers are used. 

The term dBmV is often confused with the term dB. A dB is actually the terminology used to describe 

the amount of gain or loss a particular piece of equipment has in relation to RF signals. For instance, 

an amplifier may have 35 dB of gain and a length of cable may have 4 dB of loss at a particular 

frequency. 

We measure the strength of RF signals by using one of many different types of SAMs (signal 

analysis meters). These meters are effectively frequency-tuned voltmeters that convert voltages to 

dBmV. Common manufacturers include Actena, Hukk and Trilithic. Further into your training you 

may be introduced to your own personal SAM among other test equipment. The SAM is one of the 

most helpful tools that any cable technician can use. 
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Analog vs. Digital Signals 
For many years the only RF signals that were transported via cable TV wires were analog. That 

is to say the actual television picture is modulated onto a RF carrier. This is an effective way to move 

television signals from point A to point B. Standard televisions can demodulate analog signals. 

Unfortunately repeated amplifications of the analog signal degrade its quality significantly. 

When analog television pictures are converted into binary codes and those codes are modulated 

onto an RF carrier, the product is a digital signal. Digital television signals result from subdividing an 

analog signal into many small pieces known as samples. These samples are converted into numerical 

codes. The codes can then be transmitted, received and decoded resulting in a nearly exact replica of 

the original analog signal. Repeated amplifications of the digital signal do not harm it significantly. 

Many cable operators now offer a combination of analog and digital channels, as there are 

advantages and disadvantages to both. While better able to make the long trip from the cable office to 

the subscriber, digital signals cannot be used by a standard television set and require a digital decoder 

rental. Furthermore, as analog signals degrade, the picture - while still visible - may appear more and 

more snowy or distorted. As digital signals degrade, no change in the picture is visible until the code is 

no longer legible - at which time the picture completely fails. This is known as the cliff effect. 

 

Section 2 Review Questions 

1. Name at least 3 methods that can be used to move television channels from one point to 

another. 

2. Which signals have a tendency to travel through the air easily and make broadcast radio 

and television possible? 

3. What is the name of the system that the FCC uses to judge the overall performance of a 

cable television system with regards to signal leakage? 

4. Name at least three factors that affect the amount of loss that occurs as signals travel 

down a conductor. 

5. If RF signal strength is measured at 0 dBmV, is any signal present there? 

6. Do repeated amplifications of an analog signal significantly degrade the quality of that 

signal? 

7. What are the three electrical quantities that make up an electronic signal? 

8. What three types of signals are used in the cable television distribution system? 

9. Do repeated amplifications of a digital signal significantly degrade the quality of that 

signal? 

10. The cliff effect applies to: 

A. Analog signals 

B. Digital signals 

C. Both analog and digital signals 

D. Neither analog nor digital signals 
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Introduction to Cable Television 

SECTION 3 
 

Signal Sources 
In it's earlier days, cable television existed by receiving over-the-air broadcasts and then 

transmitting them to people who otherwise could not get these broadcasts directly. While still used for 

this purpose, cable TV has grown and also provides so much more. First, local origination 

programming was added, then more distant broadcast signals could be received via microwave links 

and transmitted to subscribers, so they were added. Later, satellite signals were added. Recently, two-

way services became standard offerings. These additions to the cable lineup make it a desirable 

product even to those who get good reception of local channels. 

 

Over the Air Broadcast Signals 
When considering antenna reception of over-the-air broadcast signals, placement of the antenna 

is critical. The ideal placement of the tower that the antenna is to be mounted on is one that allows for 

clear reception of the most popular local stations within 150 miles. The height of the tower and the 

type of antenna used are also important considerations. 

The equipment needed to process the signals received via antennae operate on electrical power so 

the tower site must also be near the local utility companies’ lines. If not, the site must include a motor-

driven power generator and back-up battery supply. 

In order to bypass tower and antenna considerations, some cable operators receive a direct feed 

from local broadcasters. In this case, the broadcaster's signal is sent directly from their studios on 

cables to the cable operator and is never actually transmitted over the airwaves. 

 

Microwave Signals 
Cable operators use microwave signals in two different ways. Microwave signals can be used to 

transport a single channel from a broadcaster to a cable operator when the distance between the two is 

too great for the use of a tower and an over-the-air antenna. They may also be used to transport cable 

television signals across long distances or difficult terrain in place of actual cables. 

If a cable operator wanted to make a distant channel part of their service offerings, they might 

consider the use of a single channel FM terrestrial link. A system of a tower-mounted microwave-

transmitting antennae, tower-mounted repeater stations (if necessary), and a tower-mounted 

microwave-receiving antenna could move that desired channel several hundred miles. Similarly, if a 

cable operator desired to make their service available to people across a bay, for instance, the use of an 

amplitude modulation link (AML) microwave system might be employed in the place of underwater 

cabling. The AML system can transmit multiple channels simultaneously. 

 

Satellite Signals 
The use of satellite signals in conjunction with cable networks created national television 

networks. While Home Box Office (HBO) was the first national broadcaster, many others were soon 
born as start-up costs were reduced. Eventually the number of options in programming choices for 

cable operators became great. 

CATV satellites in geosynchronous orbit at 22,300 miles above the earth are equipped with 

transponders that receive signals from channel providers (uplink) then transmit those signals back to a 

large section of the earth's surface (footprint). Inside the footprint Television Receive Only (TVRO), 
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stations receive the signal (downlink). The signal is then processed and made a part of the cable 

operator’s channel lineup. 

When TVRO sites came into existence, cable operators had to expand their lineups to include 

satellite signals as well. This drove the expansion of channel lineups to their large sizes of today. 

Many of these satellite services were not free to cable operators and resulted in extra charges to 

subscribers and a variety of programming packages. 
 

Locally Originated/Local Access Signals 

Cable operators often enhance their offered services with programming that is produced by the 

cable operator and/or the local community. Local origination is a term loosely associated with cable 

operator-produced programs, but may also include programs that were produced elsewhere then sold 

to the cable operator. Local access is a term usually used to describe programming developed by the 

community that the cable operator serves. 

A cable operator-produced information service, such as news pertinent to the cable subscribers of 

the area, is one example of local origination. Community subdivisions often use local origination 

channels to provide information via the cable network, including a front gate view and community 

bulletin boards. 

Local access can take one of three forms: public, educational and governmental. The type 

and amount of public access programming is agreed upon through a contract between the cable 

operator and the local authorities. Local public access is an open forum in which people or groups 

produce videotaped programs that are broadcasted by cable operators. Local educational access 

might include a cable broadcast of videotaped local school board meetings or local school 

awards ceremonies. A local governmental access example might be a cable broadcast of 

videotaped city or county commission meetings. 

 

Interactive Two Way Service Signals 

Many cable operators now offer their subscribers "two way" services. While a wide variety of 

such services are available they all require two things. First, that signals be sent to the subscriber's 

home as always but also that signals be sent from the subscriber's home back to the cable operator. 

Just like any other signal being received by the cable company these signals must be routed and 

processed properly. 

Internet access, Impulse Pay-Per-View, services On Demand (XOD) and Voice Over Internet 

Protocol (VOEP) are all examples of two-way services. Internet access consists of connecting the 

subscriber's computer to an Internet Service Provider (ISP) via a cable modem that uses a Data Over 

Cable Interface System (DOCIS). In the impulse pay per view service subscribers may order movies 

or events at certain times through a home communications terminal (cable box). With XOD many 

types of video products can be ordered then controlled for a certain period of time through a Digital 

Home Communications Terminal (DHCT). The order can take place at any time and the controls are 

similar to a VCR's. In VOIP the cable operator provides telephony services to their subscribers. 
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Section 3 Review Questions 

1. If a person can receive acceptable picture quality with a set top antenna why might they still 

become a cable television subscriber? 

2. What is it referred to when broadcaster signals are sent directly from the studio on cables to the 

cable operator and is never actually transmitted over the airwaves? 

3. What type of signal transmission method could be used to transport a single television channel 

from a broadcaster to a cable operator when the distance between the two is too great for the use 

of a tower and an over the air antenna? 

4. What are the three forms that local access programming can take? 

5. Name at least 3 interactive services that a two-way cable system can provide. 

6. What is typically required of cable operators in order to receive over the air broadcast signals? 

7. What type of microwave system may be used to transport cable television signals across long 

distances or difficult terrain in the place of actual cables? 

8. Which type of signal source can create a national television network? 

9. When using a two-way cable system to order a movie what is the main difference to the subscriber 

between impulse pay per view and XOD? 

10. Who usually produces local origination programming? 
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Introduction to Cable Television 

SECTION 4 
 

Signal Processing 
Turning the many signal sources that come into the cable system into products that can be 

readily manipulated, transported and then sold to a subscriber is a process that occurs at the cable 

television head end site. It is there that signal processing occurs. Taking received signals into the 

building, placing them onto analog carriers, combining those carriers into the proper order and then 

sending them out of the head end is one main function accomplished there. In cable systems that 

have digital channels, it is also here that the analog channel lineup is merged with the digital lineup. 

That digital lineup originated at the Network Operations Center (NOC) which may or may not have 

been located in the same building as the head end. 

Other functions accomplished in the head end are local advertisement insertions, emergency 

alert insertions, premium service scrambling if offered on analog stations, along with passing return 

signals from subscribers to their destinations. 

 

Carriers 
The signals that are required to create an analog color television picture with sound are the 

audio, video and color signals. In order to put many sets of these signals onto one cable, they need to 

be modulated onto carriers. Each television channel has its very own set of three carriers. In the 

United States. the cable operators that use the National Cable Television Association (NCTA) 

standards place all their carriers onto pre-determined frequencies. This is to assure that your 

television set can find the video, audio and color information for the channel you have selected. 

According to this standard, the video information for channel 2 is modulated onto a carrier with a 

frequency of 55.25 Mega Hertz (MHz). The color information for channel 2 is modulated onto a 

carrier with a frequency of 58.83 MHz. The audio information for channel 2 is modulated onto a 

carrier of 59.75 MHz. So, if your television was made for use in the United States and it is set to tune 

normally, it will know right where to look in the frequency spectrum for the video, audio and color 

information of the channel you selected. 

 

Modulation/Demodulation 
The process of modulating a carrier signal involves changing its physical characteristics in such a 

way that the carrier becomes imprinted with a desired signal. After the carrier arrives at its destination 

(TV, DHCT, modem, etc.), the imprinted signal is kept and the carrier discarded. This process of 

removing the desired signal from its carrier is called demodulation. 

There are three types of modulation schemes in use for cable television signals; amplitude 

modulation, frequency modulation and phase shift modulation. In amplitude modulation, the 

amplitude or strength of the carrier is modified to produce imprinted signals. In frequency modulation 

the frequency or cycles per second are varied in order to mimic the desired signal. In phase shift 

modulation the carrier can be in phase or out of phase in order to mimic the 1 and 0 binary language 

of computers. 
We use amplitude modulation (AM) to imprint video signals onto carriers, frequency 

modulation (FM) for audio signals and different varieties of phase modulation for digital signals. The 

types of phase modulation schemes differ in the amount of data that can be imprinted per second. 

From least data to most they are: QPSK, 16 QAM, 64 QAM and 256 QAM. 
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Over-the-Air Signal Processing 
Different types of antenna are used to receive over-the-air signals. As the carrier frequency of 

each channel is different, the required size for the antennas differs. The size is based on frequency 

bands. Using the correct antenna size is the first step in achieving selectivity. That is eliminating 

unwanted signals and passing the desired one. The lower the frequency, the larger the antenna and the 

higher the frequency, the smaller the antenna. 

Extra antenna selectivity can be achieved by properly aiming the antenna. Filtering can provide 

further selectivity. Bandpass filters build on the selectivity of the antenna by allowing only signals 

near the desired frequency to pass while bands/op filters help by blocking any troublesome 

frequencies. 

The filtered antenna output is connected to a device or devices that provide further signal 

selection, signal amplification, signal amplitude regulation and carrier frequency conversion. The 

degree of amplification required may vary with atmospheric conditions and changes in transmitter 

power. Therefore, a regulator is necessary in order to maintain constant signal quality to the 

subscriber. If the cable operator wishes to offer the channel to the subscribers on a channel other than 

the one it was broadcast on, a carrier frequency converter is necessary as well. For example; if a cable 

operator does not wish to provide channel 13 to its customers on cable channel 13 because they 

already provide a local origination channel at that carrier frequency, a channel converter could place 

local channel 13 on any desired cable channel. In order to conserve space in the head end site, many 

of these devices are integrated into one chassis. For each over-the-air broadcast channel that the head 

end processes an integrated signal processor is used. The most common is the heterodyne processor. 

 

Single Channel FM Microwave Signal Processing 

Microwave signals are transmitted and received using parabolic antennas. Transmitting 

parabolic antennas focus signals into tight beams. The receiving parabolic antennas reflect all of the 

signals that strike them at the correct angle into the center at a feedhorn. Selectivity is achieved 

because only the signals that are properly aimed at the antenna will be focused into the feedhorn. All 

other signals will miss the feedhorn and will not be processed. From the feedhorn the signal 

weakened from its long journey is connected to a receiver inside the head end. Inside the receiver the 

signal is amplified and demodulated. The video color and audio signals for the channel are then 

passed to a modulator where the signals can be placed onto carriers for transmission to the subscriber 

through the cable system. 

 

Satellite Signal Processing  
Satellite signals are received with special parabolic antennas (TVRO) that are equipped with an 

amplifier at the antenna's focal point. Signals that have traveled from orbiting transponders are 

extremely weak, and placing an amplifier at the antenna provides a greatly needed boost to incoming 

signals. The incoming signals are often converted to lower frequencies at this point as well. This is due 

to excessive cable attenuation between the antenna and the head end. A low noise block converter 

(LNB) achieves the amplification and frequency conversion. 
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Inside the head end a receiver/modulator combination is present for each channel transmitted 

from the satellites. Since there are 24 transponders aboard each satellite, the output of the TVRO 

antenna may be hooked up to 24 different receiver/modulators, depending on how many of the 

transmitted channels are to be sent out to subscribers. Satellite receivers must also be equipped to 

decode scrambled (rendered unviewable) signals. The signals are scrambled because anyone with a 

correctly aimed dish and a receiver within the satellite's footprint could view the channel. 

 

Two-Way Services Processing 
When subscribers use two-way services, they not only must be able to receive signals from the 

cable operator, but they must also be able to send signals back to the cable company. When these 

signals return there, they must be routed to the correct processing equipment, depending on which two-

way service is involved. A multi-port isolator can split return signals into multiple paths and send them 

each to be processed separately. Return signals from DHCT's are sent to the NOC through a 

modulator/demodulator set, and return signals from cable modems are sent to the Universal 

Broadband Router (UBR) and then on to the World Wide Web. Each two-way service must use a 

separate carrier frequency of its own for the returning signals. This keeps them from interfering with 

one another. 

The signals that leave the subscriber's premises do so on the same cables as the signals that are 

used to bring signals to the subscriber. These forward (to the customer) and return (from the 

customer) signals do not interfere with one another because they are on different carrier frequencies. 

The return signals are subject to the same attenuation factors as forward signals and must be re-

amplified as their signal strengths drop off. For this reason, amplifiers in a two-way capable cable 

system must not only strengthen forward signals, but also return signals. 

 

Commercial Insertion 
Local commercials can be placed into national and local programming breaks at the cable 

operator's head end. It can be done either manually or automatically. However, manual insertion can 

be costly and unwieldy. Most commercial insertion done today is done with automatic insertion 

equipment to ensure quality and avoid missing commercial breaks. 

When it’s time for a local commercial to be inserted into a channel, a special cue tone activates 

equipment that interrupts the signal from the channel provider and replaces that signal with the 

commercial from a VCR or computerized video storage system. Instead of modulating and sending out 

a satellite signal, the local commercial is modulated onto the carrier of a particular channel and sent 

out to the subscribers instead. 

Upon completion of the insertion, the channel programming is automatically switched back to 

the modulator for subscriber viewing. 

 

Signal Scrambling/Descrambling 

Most satellite signals are scrambled prior to being uplinked to the satellite. This prevents 

unauthorized use of the program material. These scrambled satellite signals can then be descrambled 

by authorized users with special descrambling equipment and passed on to subscribers. 

Likewise, scramblers are also used at the head end on any number of channels to prevent 

viewing by unauthorized subscribers. These signals can then be descrambled and used by authorized 

subscribers; usually this is done through the use of a home communications terminal, a.k.a.., set top 

terminal or cable box. The set top terminals come in two general classes: addressable and non-

addressable. Addressable set tops may be communicated with and adjusted from the cable operator's 

offices while the non-addressable may not. 
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Section 4 Review Questions 

1. What is it called when the information needed to view a television channel is placed onto a carrier 

for transport to a cable subscriber? 

2. What is accomplished by choosing the correct antenna size, accurately aiming an antenna and 

using certain bandpass and bandstop filters? 

3. What specific effects do transmitting parabolic antennas have on signals that are to be transmitted? 

4. Why does each return service require its own carrier frequency? 

5. How do satellite signal providers prevent unauthorized viewing of their channels? 

6. What three signals are needed by a television receiver to produce color television pictures with 

sound? 

7. How are some signals focused into the feedhorn of a parabolic antenna while others are not? 

8. Do return signals in a two-way cable system require amplification on their way from the subscriber 

to the cable operator? 

9. Which type of set top terminal can be controlled by the cable operator? 

10. What activates the equipment that interrupts a satellite signal and replaces it with local 

advertisements? 
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Introduction to Cable Television 

SECTION 5 
 

System Architectures 
After collecting and combining the complete forward services lineup, the cable operator places 

it onto a system of cables, active devices, passive devices and power supplies for transport to the 

subscriber's premises. This system can be broadly referred to as the cable plant. In a two-way capable 

cable plant, the equipment at the customer's premises put return 

signals onto the same cable plant for transport to the cable operator. 

The configuration of the cable plant can vary widely from cable 

company to cable company and may vary within the same company 

based on several factors. These factors could be the services being 

offered, the brand, model and age of the plant equipment, the 

geography of the serviced area, the population density of the 

serviced area and the climate of the area. 

 

Tree and Branch Topology 
This is the traditional cable system topology that dates back to some of cable's earliest designs. 

It is so named because like a tree trunk, the cable plant's main lines stretch from the origination point 

out towards the end or top of the tree and smaller branches reach out from the trunk to feed the signal 

to the customers. The plant cables are in three categories known as trunk, feeder 

and drop. 

The forward signals originate at the head end and are transmitted toward 

the subscribers (downstream) on trunk cables and are amplified as needed. A 

string of amplifiers connected to one another is known as a cascade. In the tree 

and branch topologies, amplifier cascades of over 32 are not uncommon. 

Customers are not directly connected to trunk cables in order to receive the 

downstream services. 

The trunk cables are connected to the branch or feeder cables through 

special bridger amplifiers. Once going through the bridger, the signals are 

passed on through the streets and neighborhoods on feeder cables. Small 

amplifiers maintain the strength of the downstream signals on the feeder cables. 

These feeder amplifiers are called line extenders. It is the feeder cables that 

provide a place for the wires going into each subscriber's home to hook up. 

These home connection points are called taps. The tap is the transition point 

between the feeder system and the house wiring or drop system. 

The return signals originate at the subscriber's premises and are 

transmitted toward the head end (upstream) on the drop cables. The upstream 

signals are then passed from the drop to the feeder system at the tap, then into 

the trunk system, and finally to the head end for processing. 
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HFC Topology 
The use of fiber optic technology has resulted in improvements to the tree and branch 

topologies of the past. Fiber optic cables now replace and/or compliment the traditional coaxial 

cables. The use of fiber optics in conjunction with coax in cable topologies creates what is known as 

a Hybrid Fiber Coax network (HFC). There are many variations of HFC network combinations that 

are in use today. 

The most reliable HFC networks employ 

ring topologies that provide an alternate route for 

signals in the event of cable damage. Fiber optic 

rings make the dependable interconnection of 

several regional Head Ends possible. This type 

of interconnectivity creates a situation where 

Head Ends can share enormous amounts of data 

very quickly. One Head End can be made a 

Network Operations center (NOC) that receives 

and processes channels then sends them to the 

other Head Ends thus eliminating costly 

duplicate receiving and processing equipment. 

A ring connected to a ring describes the 

HFC Head End-to-Hub Topology. In this 

configuration the ringed Head Ends supply 

signals through another secondary fiber rings to 

several hub sites a piece. A hub site may actually 

be located inside the same building as the Head 

End equipment that it is connected to. 

From the hub sites more fiber optic cables 

reach out even closer to the subscribers. These 

are known as distribution fibers. However these fibers are not ringed like the others. They have no 

redundancy built in to them. If an active distribution fiber is damaged there is no alternate path for 

forward and return signals to take and a service outage results. Distribution fibers connect to fiber optic 

nodes where light signals are converted into RF signals for distribution to subscribers on coaxial 

cables. 

 

Noise and Distortions 
Imperfections in cable television picture quality come in two basic varieties; noise and 

distortion. These two factors are what severely limit the range and effectiveness of the tree and branch 

topology. They are what drive cable providers to convert tree and branch systems to HFC systems if 

they wish to provide reliable two-way services to widespread areas. 

Noise as it is used in the field of electronics is defined as random electrical energy within a 

transmission channel. To our ears it is the hiss in the background of the audio from a distant AM radio 

station. To our eyes it is a "snowy" or granular appearance to television pictures. While cable 

technicians may go to great pains to control the amount of noise present in cable television channels, 

it may never be completely eliminated. The reason for this is that each time a television signal is 

amplified so that it may travel farther away from its source, the noise in that signal is also amplified. 

Both forward and return signals may have to be amplified many times before reaching their 

destinations. Therefore, in the tree and branch topology, the picture quality is directly proportional to 

the distance from the Head End. The advent of fiber optics and HFC networks has dramatically 

reduced the overall number of times that forward and return signals must be amplified between points 
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A and B, thus extending the reach and quality of signals in cable systems. 

Distortions are defined as spurious carriers that appear at the output of an amplifier which were 

not present at its input. They are the result of the mixing of carriers inside the electronic circuitry of an 

amplifier. The more carriers that are present in a channel lineup, the more spurious carriers are created. 

Once again, despite the best efforts of cable technicians to control distortions, they may never be 

completely eliminated. They are an unavoidable consequence of amplifying cable signals. Television 

tuners cannot tell the difference between the desired carrier signal and the distortions that are also 

present. The effects that our eyes detect from the distortions are lines in the pictures. Once again, HFC 

is an improvement over the tree and branch topology because the fiber can carry the forward signals 

closer to the subscriber with far fewer re-amplifications. 

 

Dependability 

Product dependability is of great concern to cable subscribers, and therefore, cable operators too. 

Subscribers need a service that is consistently dependable. In the past, momentary service interruptions 

were easier to live with for many subscribers; but today's cable customer is much less tolerable of poor 

or intermittent service and rightly so. Cable providers have gone beyond one way transmissions of 

television channels. They now provide telephony, high speed data and many other services that 

subscribers pay well for, so they should expect the highest levels of dependability. 

The HFC networks are also an improvement over tree and branch topologies in this regard as 

well. The main reason is that one field equipment failure may well interrupt service for much of a tree 

and branch systems. In the HFC topology, a single field equipment failure affects only a small portion 

of the entire system. Other reasons also contribute to HFC's dependability advantages as well, such as: 

• Status monitoring enabled by reliable return systems 

• Redundant fiber rings 

• Uninterruptible power supplies 

While fiber optic technology enables the HFC systems of today, it is still coaxial cables that 

continue to carry signals the last mile to and from subscriber's homes. The importance of coax and 

how it performs has never been greater. This last leg of the trip to the subscriber and the first leg of the 

trip from the subscriber is the point at which the HFC system is at its most vulnerable to the elements, 

poor connections, customer tampering, vandalism, and workmanship problems. The dependability of 

cable networks will continue to rest on the coaxial cables that connect individual homes and streets to 

the complex services of today's interactive cable company. 
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Section 5 Review Questions 

1. In the Tree and Branch topology, what connects the trunk cables to the feeder cables? 

2. What does HFC stand for? 

3. In the HFC topology can a hub site be located inside the same building as the Head End? 

4. What does the noise in a television picture usually look like? 

5. What do distortions in a television picture usually look like? 

6. Do fiber optic distribution cables provide redundancy? 

7. Where are HFC systems the most vulnerable to damage? 

8. What is the name of the device that is the transition point between feeder cables and house 

drop cables? 

9. What is meant by upstream signals? 

10. Why would you expect to find fewer distortions in signals that come from a HFC system? 
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Introduction to Cable Television 

SECTION 6 
 

Characteristics of Coax 
Coaxial cable was invented in 1929 to carry radio signals. Since radio frequency (RF) signals 

tend to leave conductors and fly through the air, a cable was needed to guide RF from point A to B 

while preventing it from radiating off the conductor. Coax utilizes two conductors to achieve this: an 

inner conductor (a.k.a., the center conductor) and an outer conductor (a.k.a., the shielding). The outer 

conductor is in the form of a hollow tube. Running through the center of the tube is the inner 

conductor. Since both conductors follow the same axis, they are considered to be co-axial. Between 

the two conductors there must be a dielectric material. Dielectrics are materials that do not conduct 

electricity. 

The main competition to coax in its early days was copper-twisted pair wiring. The coax was 

found to be far superior to the twisted pair in cable television usage because: 

• The outer conductor not only keeps desired signals in, but also does better at keeping 

undesired signals out. 

• The coax was found to be stronger and more durable. 

• Coax was much easier to work with. 

 

The Center Conductor 
The center conductor of a coaxial cable is usually copper clad. That is to say only a thin layer of 

copper is required in order to conduct RF. This is due to the fact that RF tends to ride on the outermost 

skin of conductors. This phenomenon is known as the skin effect. The skin effect allows cable 

manufacturers to construct coax that is lighter, more flexible, or less temperature sensitive by placing 

copper cladding over either aluminum or steel instead of using a solid copper center conductor. This 

has a significant drawback, however. The thin layer of copper is susceptible to damage. If cable 

technicians are careless during the connectorization of the coax, or if the center conductor becomes 

corroded as a result of exposure to the elements, the RF will no longer properly flow. 

 

The Outer Conductor 
The outer conductor acts as an RF shield, keeping signals on the inner conductor from radiating 

into the atmosphere and preventing signals in the atmosphere from interfering with the desired signals 

on the center conductor. The center conductor is suspended within the outer conductor with a plastic 

foam dielectric. This is accomplished by filling the entire space between the conductors with foam or 

inserting plastic disks every few inches along the cable. 

 

Applications of Coax 
The trunk and/or feeder coax that interconnect streets and neighborhoods are known as semi-

rigid. These cables come in several sizes and may be designed for aerial (overhead) or underground 

applications. The semi-rigid cables have a thin walled aluminum outer conductor and a copper clad 

aluminum center conductor. The outer conductor may be jacketed or unjacketed. The jacketing is a 

thin black PVC coating that protects the cable from corrosive elements. 
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The coax that is used at the subscriber's home or business is flexible. It is necessary for these 

cables to be flexible in order to bend them around tight corners, through attics and into crawlspaces. 

These flexible cables also come in different sizes and may be designed for interior and exterior as well 

as aerial or underground applications. The flexible cable outer conductor is made of thin aluminum 

foil surrounded by an aluminum braided mesh. The center conductor is copper clad steel. All flexible 

cables are jacketed. 

 

Attenuation 
Signal loss and attenuation are used interchangeably. An example of attenuation is the decrease 

in signal strength through a length of cable, In coaxial cables the amount of signal lost in the form of 

heat is determined by four main factors: 

1. Cable size (length and cross sectional area) 

2. Frequency of transmitted signals 

3. Air temperature 

4. Type of dielectric material inside cable 

 

The longer the cable, the more attenuation it will have. The larger the cross sectional area, the 

less attenuation. The higher the temperature, the more attenuation and the less dense the dielectric, 

the less attenuation the cable will have. The higher the frequency that is transmitted, the more 

attenuation. The lower the air temperature, the less attenuation. The following charts and examples 

illustrate these points: 

 

Frequency

 
Loss in  dB/100'  

 
2.            
2.            
2.0            
1.8            
1.6            
1.4            
1.2            
1.0            
0.8            
0.6            
0.4            
 0 100 200 300 400 500 600 700 800 900          1000 

Frequency in Megahertz 

 

As the signal's frequency increases, so does the attenuation of the coaxial cable. 
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Temperature 

Example: A span of coaxial cable during different months of the year will change attenuation 

as temperature varies, i.e., if a span has 20 dB of loss at 68°, then: 
  

Month Temperature Variation from 68°    Attenuation rate 

May 68° F 0 .11% 

Aug. 98° F +30 .11% 

Dec. 38° F -30 .11% 

Attenuation Change Attenuation 

0 20 dB 

+3.3 dB 23.3 dB 

-3.3dB 16.7dB 

 

 
Size 
1.00" cable 0.500" cable 

 .........................................................................................................................................   Outer Conductor 
 

 

 

Center Conductor 
 .    Cross-Sectional Area  ....   Cross-Sectional Area 

 
 

 
 

 

 

Loss per 100' = .31 dB @ channel 2 (55.25 MHz)      Loss per 100' = .54 dB @ channel 2 (55.25 MHz) 

 

As the cross sectional area of the cable increases its attenuation decreases. 

 

One final note about coaxial cable: A span of cable is only as good as the connectors that are 

placed on each end. It is a difficult task to accidentally damage a span of cable without leaving obvious 

clues behind. Placing a connector on a cable is a different matter. Care must be taken not to scratch the 

center conductor, leave the dielectric the wrong length or disrupt the shielding properties of the cable. 

These items might be much more difficult to detect than a cut cable. 

 

Section 6 Review Questions 

1. What is a purpose of the outer conductor on coaxial cables? 

2. Why do center conductors only require copper cladding? 

3. What is the purpose of jacketing coaxial cables? 

4. What effect does increasing the cross sectional area of a coaxial cable have on signal attenuation? 

5. Can plastic disks be used instead of foam as a dielectric? 

6. Can semi-rigid coaxial cables be left unjacketed? 

7. What kind of shielding is present on flexible coaxial cables? 

8. Name one advantage of coax over twisted pair type wiring for cable television. 

9. Where is flexible coax mainly used? 

10. Do higher frequency signals suffer more or less attenuation per 100' than lower frequency signals? 

 

••••   Outer Conductor 

Center Conductor 
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Introduction to Cable Television 

SECTION 7 
 

Characteristics of Fiber Optic Cable Systems 
There are many benefits to cable operators through the introduction of fiber optic systems to 

deliver cable signals to subscribers. Fiber Optics: 

• Enhance picture quality by reducing noise and distortions. 

• Increase reliability of distribution systems. 

• Decrease system maintenance requirements. 

• Provide a cost effective means to upgrade distribution systems. 

• Provide a means to interconnect head ends. 

 

These benefits are mainly attributable to the decreased amount of attenuation that signals suffer as 

a result of being transported over fiber optic systems. Electrical signals are converted into light energy 

then transmitted great distances without the need top be re-amplified. Coaxial cable signal loss is 

generally measured in dB per 100 feet and optical cable loss is measured in dB per kilometer. The fiber 

optic system includes 4 main components: 

1. The optical laser transmitter 

2. Optical fiber passives 

3. Fiber optic cable 

4. Optical receiver 

 

Optical Transmitter Properties 
The RF signals (5-1000 MHz) that subscriber equipment needs in order to operate reside 

in the lower portion of the electromagnetic spectrum. The signals used in fiber optics reside 

more towards the middle of the spectrum. 

 

Electromagnetic Spectrum 
 

Cable Microwave Infrared Visible Ultraviolet X-Rays Gamma Cosmic 

Frequencies  Light Light Light  Rays Rays 

(RF)        

 

The function of the Optical transmitter is to convert RF signals into visible light signals. Just as 

RF carriers must be modulated, so does the optical carrier require modulation. Remember, it is the 

modulation of the carrier that imparts the intelligence. When converting analog signals, the transmitter 

varies the intensity of the light signal at its output to mimic the variations in the signal at its input. 
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The output of the optical transmitter may be divided to allow it to feed into two or more different 

directions. It is through the use of optical passives that this is accomplished. A passive device requires 

no power to operate and can not amplify signals. It merely directs signals into desired pathways. The 

function of an optical transmitter connected to a passive is depicted in the following diagram. Optical 

passives can be manufactured so that they split the incoming light into any combination that adds up to 

100%.   

 

 

 

 

 

 

An optical passive splits the output of an optical transmitter. 
 

 

Fiber Optic Cables 
While the individual fibers that connect devices within the system are somewhat fragile, they are 

enclosed in a sturdy and rugged protective covering. There are several methods of cable construction, 

but they all consist of similar layers of protection: a PVC exterior jacketing that has special markings, 

corrugated coated armor, Kevlar strands, strength members, rip cords to aid in protective covering 

removal, buffer tubes to hold groups of fibers, and of course, the individual color-coated fibers 

themselves. Fiber optic cables usually contain between 6 and 288 individual fibers. 

For the most part, the field installation of fiber optic cables is the same as coaxial cables. The 

cables may be placed overhead or underground, the cables have a maximum bend radius that may not 

be exceeded, the proper clearances must be observed, and care must be taken when pulling and 

handling the cable. However, there is a special consideration for fiber optic cable installation. Since 

splicing optical fiber requires plenty of slack, slack points are placed into the cable's route every so 

often. These slack points must be strategically placed so that in the event of fiber damage, enough 

slack is available to make the necessary repairs. At each point within the system where two or more 

fiber cables are connected to each other a splice enclosure is used to house the connections. 

 

Optical Receiver 
In two-way cable systems it is necessary to have a transmitter and a receiver at each signal 

processing site: in the home, at the fiber node, in the hub, head end and NOC. In the home the receiver 

and transmitter are housed inside a modem. In the other sites however the receivers and transmitters 

are housed separately. While theoretically possible it is not practical to use a return and forward path 

on the same optical fiber. Separate fibers are designated for forward and return light signals. Therefore 

separate transmitters and receivers are present inside head end and hub sites. Their sizes, shapes, and 

operating specifications vary with their applications. 

Transmitter Passive 

Light out 

100% 

25% 
RF input 
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Optical receivers convert light energy into RF. They use photodetectors that have an electric 

current that is linear to the received optical power. The photodiode current is converted into a voltage 

that when amplified becomes a RF output. 

 
Optical Input 

 

 

Section 7 Review Questions 

1. What are most of the advantages of fiber optic systems attributed too? 

2. What is the purpose of an optical transmitter? 

3. What percentage of signal goes down each leg of an optical passive? 

4. What is the purpose of the rip cord installed inside fiber optic cables? 

5. What houses the splices where two or more fiber optic cables are connected together? 

6. What is the location of the receiver and transmitter inside the subscriber's home? 

7. What is the unit of measurement for the signal attenuation of fiber optic cables? 

8. What is the main difference in coax and fiber field installation? 

9. What is the purpose of an optical receiver? 

10. Are forward and return signal placed on the same individual fibers? On the same coax? 

 

 

Photodetector 
Amplifier 

RF output 
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Introduction to Cable Television 

SECTION 8 
 

Devices 
Passive Devices are used to direct and distribute signals. They have no direct role in the 

reproduction or amplification of signals. However, they do attenuate the signals that flow through 

them. Examples of passive devices are splitters, directional couplers, taps, inline equalizers and 

power inserters. Each of these has a specific function in the operation of a cable system. 

As coaxial feeder cables route their way through communities, there are often situations where 

branching off is necessary to service a neighboring subdivision or side street. In order to make 

efficient use of the existing signal, passive devices are used to direct the signal flow. This signal 

splitting is not haphazard. Keeping the number of amplifiers required to a minimum is required so 

careful consideration is given to the placement of passives. 

 

Splitters 
Splitters come in many varieties; two way, three way, four way and eight way. The two way has 

one input and two outputs, while the three way has one input and three outputs, and so on. Places 

where signals enter and leave devices are known as ports. The two-way splitter equally divides the 

power of the input signal into two output pathways. A tiny amount of signal power is spent and lost 

during this operation. The difference between the strength of an input signal from the output signal is 

called insertion loss. Splitter manufacturers publish the insertion losses of their products. Technicians 

determine how much signal strength should be present at the output ports by subtracting the published 

insertion loss measured in dB from the input signal strength. All the other varieties of splitters can be 

built by using different combinations of two-way splitters. The following diagrams depict how this is 

accomplished. 

Port 1 50% power 

Port 2 50% power 

Two Way Splitter 

 

Three Way Splitter 

 

RF Input  
100% power  

Port 3 

25% power 

50% power 

Port 2 25% power 
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Keep in mind that RF signal measurements are made in dBmV. The dBmV reference scale has a 

power doubling factor of 3 dB. For example, if a 12 dBmV signal were passed through a two-way 

splitter, the resulting two signals would be close to 9 dBmV. While 50% of the power was lost when 

passing through the splitter, the only 3 dB is subtracted due to the 3 dB power doubling rule. Note that 

a minute amount of signal is lost during the splitting process, so the actual measurement in the above 

example might be closer to 8.5 dBmV. 

 

Directional Couplers 
Directional couplers physically appear much like two-way splitters because of their one input 

and two output configurations. However, unlike a two-way splitter directional coupler, (DC) insertion 

losses are not equal on each output leg. A directional coupler is used when system design 

requirements call for the bulk of the signal to travel in one direction while a small amount is needed to 

be tapped off and sent another way. The DC's outputs are labeled "tap" and "thru." The thru leg is 

where the bulk of the input signal will be sent while a small portion will be tapped off and sent to the 

tap leg. DC manufacturers label their products with the amount of insertion loss seen between the 

input and tap leg. In other words, a DC 9 should have 9 dB of insertion loss on its tap leg. Complete 

specifications on the insertion loss for both tap and thru legs are published by the manufacturer. The 

following diagram illustrates the input thru and tap leg relationships. 
 

 

 

 

 

 

 

Thru Leg 

RF Input  

100% power Four Way Splitter 

Eight Way Splitter RF Input  

100% power I 

Port 1 25% power 

 

Port 2 25% power  

PortS 25% power 

 

Port 4 25% power 

 

Portl   12.5% power 

 

Port 2   12.5% power  

Port 3   12.5% power 

 

Port 4 12.5% power 

Port 5 12.5% power 

 

Port 6 12.5% power 

Port? 12.5% power 

 

Port 8   12.5% power 

Tap Leg 

Then about 3 dBmV 

Output here 

Then about 1 dBmV 

Output here 

Ifl2dBmV 

Input here 

DC 9 
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Directional Taps 
Directional Taps are the devices installed in the feeder cables where the subscriber's house 

wiring can be connected. Taps have an input and output as well as tap ports. Forward signal enters the 

tap through the input then continues down the feeder line out of the output port. A certain amount of 

signal is also sent to the tap ports. Taps come with two, four, or eight tap ports. The number of tap 

ports is equal to the number of homes or businesses that may be connected to the feeder system. 

A tap is essentially the combination of a directional coupler and a splitter. The directional 

coupler taps some signal off of the main line and sends it to a splitter network. The output ports of the 

splitters become the tap ports. The following diagram illustrates this point. 
 

 

 

 

 

Inserters 
Another Passive device that has little direct impact on forward and return signals is the power 

inserter. The cable systems amplifiers require electrical power to operate. The required power is 

placed onto the same trunk and or feeder lines that carry the RF via the power inserter. The power 

inserter is what connects the cable system's power supply to the cable system itself. The Power 

inserter has an AC power input port along with input and output RF ports. There is very little insertion 

loss associated with power inserters as the RF signal is not being divided in any way. 

Since the internal components of passive devices cannot pass AC the electrical signal ii rerouted 

through the use of power diplexers. Power diplexers separate the AC power signal from the RF 

signal. It is necessary for all the gear that has the potential for AC signal to cross it to be equipped 

with power diplexers. All feeder equipment must pass AC while drop equipment does not. 

Splitter Network 

Input 
Output 

 

Directional Tap 

Tap Ports 

(4 port Tap) 



 

28 

 

Section 8 Review Questions 

1. What are the places where signals enter and leave passive devices called? 

2. What is the power doubling factor for the dBmV reference scale? 

3. How do technicians determine the amount of signal strength that should be present at the 

output ports of a splitter? 

4. Directional taps are types of passive that are a combination of which other two types of passives? 

5. What type of passive is used to connect the AC power Supply to the cable plant? 

6. How does the careful placement of passive devices keep the number of amplifier required to a 

minimum? 

7. How do directional couplers differ from two way splitters? 

8. If a two way splitter has an input of 15 dBmV what would you expect to find at each output? 

9. What are the two outputs of directional couplers called? 

10. What is the circuitry called that reroutes AC power around sensitive passive components? 
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Introduction to Cable Television 

SECTION 9 
 

Devices and Powering 
An active device is any device that needs electricity to operate. They are used primarily to 

overcome losses in the system due to coaxial cable and passive device attenuation of signals. Fiber 

nodes and line amplifiers are active devices. This is true for both forward and return signals. 

In order to operate the active devices are connected to a power supply system. This system is 

composed of the AC supply, power inserter, coaxial cables, and a DC supply at each active. 

 

Amplifiers 
Amplifiers exist in the cable system in order to compensate for the loss in signal strength due to 

cable system attenuation. Signals start out at a certain level and they are then attenuated by passing 

through cable and passives they are then amplified back to their exact starting strength. This process 

is referred to as unity gain. 

There are many different types of amplifiers for use in coaxial distribution systems. Some of the 

smaller feeder types (type 3) are called line extenders others contain bridgers that connect trunk lines to 

feeder lines type (type 1). There is even a house amplifier used in the homes of subscribers that have 

many rooms where cable connections are required. Type 2 amplifiers for feeder or trunk have a main 

output and an auxiliary output that can be internally split. 

Type 2 and 3 amplifiers are the most common in HFC systems and Type 1 and 3 amplifiers are 

most common in the tree and branch topology. Line extenders (type 3) are simpler in design than type 

1 and 2 amplifiers and are, less expensive, and smaller. Unfortunately they also have less attractive 

specifications concerning control over noise and distortions. System designers must carefully decide 

which type of amplifier is called for in each situation; balancing function, cost, and system 

specifications is required. 

 

DC Powering 

Each amplifier is equipped with a DC power supply. AC voltages work well as a transport 

mechanism for power in a cable system but DC voltages are required for the operation of active 

devices. The supplied AC voltage is converted to a DC voltage at the DC power supply within each 

active device's housing. Depending on the manufacturer and model the DC supply may be internal or 

external to the amplifier itself. While they come in many sizes and shapes some characteristics are 

constants: 

• AC input 

• DC output 

• Fuse 

• Surge protector 

• Minimum AC input requirement 

• Specific DC output voltage 
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Tilt 

Because of the uneven attenuation of coaxial cable at different frequencies, active device 

outputs cannot be even either. Since the losses from cable and passives will become much greater 

as frequency is increased, the outputs of active devices must be greater as frequencies increase. 

This is to insure that when the channels reach the subscriber's television that they are all close to 

the same strength level. Setting output levels in this way introduces a tilt to the levels. The greater  

the difference in frequency between the highest 

and lowest carrier in the channel plan, the more 

tilt will have to be used. In a 750MHz system,  

9 dB of tilt should be sufficient. That is to say 

active device outputs in a 750 MHz system on 

channel 117 (751.25 MHz) should be 9dB  

greater than those on channel 2. This is  

intended to create a bandwidth that is relatively 

flat at the subscriber's equipment. Active  

device outputs of 46dBmV@Ch. 117  

and 37 dBmV @ Ch. 2 should accomplish this. 

 

Tap Levels 

Active Devices must be maintained at  

their designed signal strengths in order to 

provide the minimum and maximum forward 

levels at each tap port in the system. System 

designers make sure mat enough signal should 

be available at each tap port to service a subscriber  

with two televisions and a modem. If the subscriber has a need for more connections a house 

amplifier may be necessary. In most circumstances the following tap levels should be sufficient. 

Note: When speaking of signal levels use this format: highest frequency / lowest frequency. 
 

Drop Distance 75' to 150' minimum 15/8 and maximum 18/24 Drop 

Distance 151' to 200' minimum 18/8 and maximum 21/24 Drop Distance 

201' to 250' minimum 21/11 and maximum 24/24 

 

Return Amplifiers 

In a two way system return amplifiers are required to maintain the strength of signals coming 

from the subscriber to the cable operator. The object of the return amplifier system is to cause all 

return signals to arrive at the hub or headend site at the same strength. The return amplifiers are in the 

same housing as the forward amplifiers and run off the same DC power supply. RF diplexers separate 

the return signals from the forward signals then recombine them after amplification. 

Testing and measuring return amplifier signals and equipment can be a bit trickier than for 

forward signals. Forward signals are always present and the carriers themselves can be measured at 

almost any point in the system. Return signals on the other hand are only present for extremely short 

durations and occur intermittently. Therefore in order to test return amplifiers a constant signal is 

injected into the amplifier's input then measured at its output or at another point in the system to 

measure performance between two points. 
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Section 9 Review Questions 

1. In a unity gain system what happens to signals after they have been attenuated by 

passing through cable and passive equipment? 

2. If DC voltages are what is required by active devices to operate why are cable 

power supply outputs AC? 

3. Why is tilt introduced to the signals at the outputs of active devices? 

4. Why is testing return amplifier performance more difficult than testing forward 

amplifier performance? 

5. What type of wiring connects the power supply to the active devices it sends AC 

to? 

6. Since line extenders are smaller and less expensive than type 2 amplifiers why not 

use them in place of type 2's? 

7. Are cable and passive losses greater for higher or lower frequencies? 

8. Is a flat bandwidth desirable on the input cable to the subscriber's television? 

9. What are the minimum levels on channels 117 and 2 that should be available to a 

home or business that is 100' from their tap? 

10. What type of active device connects the trunk system to the feeder system in the 

tree and branch topology? 
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Introduction to Cable Television 

SECTION 10 
 

Customer Premises Equipment 
All of the equipment used inside the home or business by the subscriber to interface with the 

services that are provided through the cable system is included in the customer premises equipment 

category. This obviously includes the subscriber's television but may also include several other pieces 

of equipment located in a typical entertainment center that the cable signal must pass through on its 

way to that TV set. Two-way systems may also have a wide variety of other types of equipment for 

subscribers to interface with inside each home or business. 

 

The Television 
As television services have changed and grown over the years, so have televisions themselves. 

All of these different types of televisions are still in homes out there so the cable providers must have 

equipment on hand that can connect many different types of televisions to their service. These TV 

types range from those with VHF tuners set to receive channels 2-13 only through a single 300 ohm 

connection to today's big screen HDTV multiple input multiple format picture in picture televisions. 

In order to fully connect to even the lowest level of cable service, the non-cable ready (2-13) 

televisions require a channel selector or a cable-ready VCR be connected in line with them. The 

problem here is the extremely limited tuner capability of the television. The most economical 

solution for the basic cable subscriber in this situation is the use of the VCR's cable ready tuner (if one 

is available). Many subscribers are unaware that their newer VCR may have this capability in which 

case the TV is left on the pilot channel (3 or 4) of the VCR, and the VCR is used to tune through the 

channels. The subscriber might also rent a channel selector from the cable company or purchase one 

independently. 

Cable-compatible televisions can be another confusing prospect. Many of them may say cable-

ready right on them. This is because they were manufactured back when they were able to tune to all 

the available cable stations. With the extension of the channel lineups, these televisions are no longer 

able to do this. Depending on the package of channels that the subscriber has ordered, these 

televisions will also require a fully cable-ready tuner like a VCR or a channel selector. 

Even a truly cable-ready television will require an addressable channel selector if the subscriber 

has ordered a premium scrambled service. The television will remain on the channel selector's pilot 

channel and channels will be tuned through the channel selector. One advantage here is that the 

subscriber may record a premium service using their VCR and watch any other non-premium service 

through the television's tuner by using an A/B switch. 

The high definition television (HDTV) represents the first change in the way television pictures 

are made and displayed in the last 40 years. The two main improvements that this new technology 

brings is the increased number of lines of resolution in each television picture frame resulting in a 

much clearer picture and the increased aspect ratio of those pictures resulting in a movie theatre effect 

on pictures. Two main HDTV formats are well known at this point the 1080i (interlaced) and the 720p 

(progressive). In the rush to embrace this new technology, no clear cut format has yet been accepted as 

the best. As a result, the transition to HDTV has been slow and confusing. In addition, not all HDTVs 

can even process broadcast HD signals. Many of them are simply monitors for HD pictures that are 

processed by a separate HD receiver. The 16:9 rectangular aspect ratio of the HDTV screen is much 
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more theater like than the 4:3 ratio of traditional TV. This benefit of HD is currently offset by the fact 

that little programming is now available in that format and the extra television screen is usually 

covered by two black bars. Despite these shortcomings, HDTV is sure to continue to develop and 

improve as costs are reduced and more consumer interest is sparked. 

 

The Channel Selector 
As mentioned earlier the channel selector is the tuner that is used to choose which channel is 

being viewed on a monitor. There are several varieties of remote controlled channel selectors 

available. The selectors available through the cable operator are rented and must be collected after the 

account is discontinued. The cable operator is responsible for their repair and for educating the 

subscriber on their operation. 

• The non-addressable channel selector serves as an analog tuner only and has no addressable 

features available. 

• The analog addressable selector is not only a tuner but may be used to descramble premium analog 

services and is available with two way features. 

• The digital home communications terminal (DHCT) not only tunes to analog but also digital 

channels and is fully compatible with two way features. 

• The High Definition version of the DHCT is a HD receiver that can connect to any HDTV and 

display HD content on those channels that broadcast it. 

• The Personal Video Recorder (PVR) version of the DHCT enables analog and digital recording 

and playback features. 

 

Cable Modems 
A cable modem is a device used to modulate then transmit return signals while receiving and 

demodulating forward signals through a HFC network that is linked to a Head End and beyond to the 

Internet. Cable modems currently supply access speeds of 2Mbps (2,000,000) bits of data per second 

from Internet Service Providers (ISPs). The modem is set to receive digital data on a forward ISP 

frequency and transmit digital data on a separate return ISP frequency. The modem interfaces with the 

subscriber through a computer or it may interface with a network of computers through a router or 

switch. 
 

IP Telephony 
Internet Protocol (IP) is a general term for technologies that use the Internet system to transmit 

voice, fax or video and other forms of information. These types of services have traditionally been 

carried over the dedicated circuit-switched connections of the public telephone network. 

Internet telephone calls travel as packets of data on shared lines avoiding the toll charges of the 

public phone networks. The challenge is to make IP telephony stable and dependable. 
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Section 10 Review Questions 

1. VCR's and channel selectors usually come with a choice between which two pilot channels? 

2. What is the benefit of the 16:9 aspect ratio of a HDTV? 

3. What type of channel selector would be called for if a subscriber had a cable-ready television and 

wanted to order the digital services package? 

4. What is a forward ISP frequency used to transmit? 

5. What system does IP telephony use to transmit voice, fax and video? 

6. What kind of device can enable a person with an addressable channel selector, a VCR and cable 

ready TV to record a premium channel while watching another channel? 

7. What turned televisions that were cable-ready into cable compatible televisions? 

8. Can all HDTVs receive and process HD broadcasts? 

9. How are the channel selectors that are available from the cable operator paid for? 

10. What do HDTV monitors require before they can display a high definition picture? 
 


