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At the central office, the signal enters the public 
switched telephone network (PSTH), what 

we generally think of as simply "the telephone 

system" There, the analog signal is transformed 

into a digital signal. Except for the local analog 

At the telephone facility, an analog-to-digital converter (ADe) samples 

the incoming analog waveform 8,000 times a second, and each lime the sig­

nal's approximate amplitude, or the strength of the current, is recorded as an 8­
bit pulse code modulation (PCM). Although there are an infinite number of 

values for the amplitude each time it's sampled, the ADC can detect only 256 

loops, virtually the entire U.S. phone system 
transmits data .digitally, which theoretically 

allows data to move as fast as 64,000bps 

and makes V.92 technology possIble. 

The data travels through the phone system 
until it arrives at a host system, such as 

America Online or a local Internet ser­
vice provider (ISP). The prOVider's 56K 

modems recognize whether the signal is 

coming from a matching modem. 

The codec translates the 

data into values 

corresponding to 

the mast recogniz­
able of the 256 

possible voltages 

that can be distin­

guished on an analog loop. 

These values are called 

symbol5-lnformation-bearing 

tokens. 

discrete levels. That's because along the path the electronic sig­
nals travel, it encounters Reeting electromagnetic Fields 

that can come from innumerable sources, including the 

phone wires themselves. These fields produce a current 
voltage that distorts the signal's value-makes it fuzzy. 
This line noise limits analog lines to 33.6Kbps. 

--------­

• In response to 

the request from the PC, the ser· 
vice returns some sort of information, which 

could be a web page filled with art and 

music, a shareware program, plain text, 
or simply a "Not Found" message. The 

service sends the information through, 8 
bits at a time, to a device called a fl-Iaw 

codec (II-Iow coder/decoder). II-Iaw 
is named for a mathematical progres­

sion in which the difference between one 

value and the next larger value gets larger itself 

as the values increase. (In Europe, an A~aw codec 

uses a different coding scheme, which is why U.S. 56K 
modems only reach their full potential communicating with 

servers in the U.S.1 

When the signals reach the analog 

local loop, a digital-to-analog con­
verter (DAC) generates 8,000 electrical 

pulses each second. The voltage of each pulse 

corresponds to one of the 128 poSSible symbol 

values. 

If the modems could use all 256 pOSSible symbols, they 

could send 64,000 bits of data each second. But the 

host and client modems use some of the symbols to keep 

tabs on each other The symbols whose values approoch 

zero are too closely spaced 10 each other to be distin­

gUished accurately on a noisy phone line. The modems 

rely on the 128 most robust symbols, which only allow 

56,600bps. (Current FCC regulations limit the power that can be 

used for phone signals, which limits real-world transmission rates to 
about 53Kbps.) 
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How DSL Turbocharges a Phone Line
 
There are several forms of digital subscriber lines, or xDSL, with the x depending on the 

particular variety of DSL. All xDSL connections use the same ordinary pair of twisted copper wires 

that already carry phone calls among homes and businesses. Unlike cable modem connections, 

which broadcast everyone's cable signals to everyone on a cable hub, xDSL is a point-te-point 

connection, unshared with others using the service. 

CABLE MODEM 

BANDWIDTH 

1------1 H 

DOWNSTREAM UPSTREAM 
Signals travel between a coax or RJ-45 connector in 

your PC and an xDSL modem. You do not have to dial 

up an Internet service provider; your Net connection is 

always on. 

You can use the same phone line for Internet 

service at the same time it's carrying a voice 

call because the two signals use widely sepa­

rated areas of the frequency spectrum. A split­

ter next to your xDSL modem combines the 

low-frequency voice signals and the higher-fre­

quency data signals. 
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Downstream data moves at about 8Mbps for the most common forms of DSL. That's fast 
enough to transmit Moby Dick in just under six minutes compared to the 14 hours a V. 90 
modem would take. 

Upstream data moves at about 640Kbps. 

VDSL (very high-speed DSL) reaches data transmission speeds as high as 
10-26Mbps downstream, but only within about 4,500 feet of a phone switch. 

ADSL is limited to 18,000 feet from the phone office with downstream 
speeds of 6-8Mbps, upstream 512Kbps. 

G-Lite, or Universal DSL, at the same 18,000 feet, allows only 
1.5Mbps downstream and 512Kbps upstream. G-Lite eliminates the 
need for a splitter and is the industry's proposal for a standard 
modem that can work with any phone lines. 

RADSL (rate adaptive DSL) reaches as far as 21,000 feet but is 
limited to 600Kbps-7Mbps downstream rates and 
128Kbps-1 Mbps upstream. 

o " 6' Kilohertz 

Transmission rates depend on the quality of 

the phone line, the type of equipment it uses, 

the distance from the PC to a phone com­

pany switching office, and the type of xDSL 

being used. 

The most common form of xDSL is ADSL. The A stands for 

asynchronous, meaning that more bandwidth, or data-ear­

rying capacity, is devoted to data traveling downstream-from 

the Internet to your PC-than to upstream data traveling from 

your PC to the Internet. The reason for the imbalance is that 

upstream traffic tends to be limited to a few words at a time­

a URL, for example-and downstream traffic carrying graph­

ics, multimedia, and shareware program downloads needs the 

extra capacity. 

A splitter on the other end of the line 

breaks the voice and data signals apart 

again, sending voice calls into the plain 
old telephone system (POTS) and 

computer data through high-speed lines 

to the Internet. 
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How Cable Modems Bring th;.:.:e=Da,apa,ke

Internet to Your PC 
Computer data is sent along frequencies that lie 

between the 110 6MHz frequency bands carrying 

TV programming over hybrid fiber coaxial 
(HFC) cable. Data is sent as standard Internet 
protocol (IP) packets with error correction and a 

header identifying which subscribers' PCs they are 

destined to reach. The wide bandwidth of fiber 

optics, depending on the configuration, lets you 

receive downloads at up to 40Mbps, fast enough to 

download Moby Dick in about one minute, com­

pared to six minutes for a DSL connection and 14 

hours with a V.90 modem. 

Slow servers within the Web with only a 

1.5Mbps Tl connection can act as bOHIe­

necks, not allowing your cable connection 

to reach its full potential. A cable supplier 

TV Programming 

Data going upstream-from your PC to the 

Internet-gets only seven bands for transmis­

sion, limiting upstream data to 30Mbps or 

lower. 

C High-speed fiber optic cable links each distribu­

tion hub to the cable supplier's own network, 

which handles email and routes PC data to the 

Internet through a 45Mbps T3 connection. The 

coble network is Aexible so that if one port of it 

crashes, your data is routed through working 

sections of the network. 

might cache popular Web pages on its 

own servers to avoid bottlenecks in the 

Internet itself. 



CHAPTER 25 HOW PCs CONNECT TO THE INTERNET 331 
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DOWNSTREAM UPSTREAM 

BANDWIDTH 
f-------j H 

CABLE MODEM 

Each cable modem ignores all packets except those 
addressed to it. The modem reassembles the packets bound 
for it into a coherent stream of data it sends to a network 
interface card in the Pc. 

Cable is a broadcast medium. Everyone 
connected to the same distribution hub 
receives everyone else's downloads, too. 
This arrangement raises security issues and 
could cause a slowdown if everyone con­
nected to the same hub downloads at the 
same time. 

t~~!!!!!!!!!!!!!!!~::~;A;C~O~u~p:le~r/~s~Pliller routes N program­

ming to the television set and com­
puter data to the cable modem. Both 
can be used simultaneously. 


