Computers in plain English 

Most people who buy a car are not automotive engineers. Yet the vast majority of us make comparisons between cars as a part of the buying process. If you have a lot of kids, you want a lot of seats. If you have a lot of tools, a pickup or van may be a good choice. Big motors usually pull more weight, turbo-chargers make it go faster. Cruise control and air-conditioning are luxuries for some and necessities for others. You don't need to be a musician to decide on a stereo and you don't need to know how a transmission works to choose between a manual and an automatic. When the car gets old, and the transmission shop wants $1000 to put in a rebuilt with a 90 day warrantee, the decision to invest the money or buy a new car often has as much to do with the condition of your bank account as with the overall condition of the car. 

Like automobiles, many models are built on the same chassis, with the most expensive loaded models costing more than twice as much as the stripped down economy version. There are many "after-market" enhancements you can make, some are "add ons" and some replace the original components. The expensive models have the potential to get you where you're going faster, and in more comfort. However, there are few fundamental differences between PCs and cars that make buying and owning a PC a whole lot easier. One difference is that PCs are all built to standards such that their component parts, even across brands, are largely interchangeable. Another difference is that is that most of these parts are either commodities or available from a single source only, i.e., you can buy memory or a floppy drive from any manufacturer, but Intel chips come from Intel Corporation and MS DOS comes from Microsoft. 

The System Box or Case 

There are two kinds of computer parts. There are things that go in the system box, and things that attach to it. The system box itself is either a flat metal box, with a couple buttons and lights on the front with at least one place to insert a floppy disk, or the same flat metal box stood on end. The flat box lying down is called a "desktop case" and the flat box standing up is called a "mini-tower." Big mini-towers that sit on the floor are called "towers." The system box has one power cord that gets plugged into the wall, and all sorts of connection points called "ports" for things outside the box to get plugged into. Two things that every computer will have plugged into ports are a keyboard and a monitor (TV display). Other things that are commonly plugged into ports on the system box include: a mouse, a printer, a telephone wire, a joystick, and speakers. The parts that get plugged into ports on the system box are often called "peripherals." 

Before we start to examine things that go in the system box, let's look at the box itself. The front of the system box is covered by a plastic faceplate, with several rectangular cutouts, a couple buttons and LEDs (lights), a keyhole, and a power switch. The power switch is often on the side of the older desktop cases. The rectangular cutouts cover the drive bays, where floppy drives, CD ROM drives and hard drives are screwed in. The larger bays house 5 1/4 " floppy drives, CD ROM drives, and older hard drives. The small bays house 3 1/2" floppy drives and newer hard drives. The two push buttons, side by side, are labeled "reset" and "turbo." The reset button is for re-starting the computer if it stops responding to keyboard and mouse input. The turbo button switches the machine between its top speed, and a slow speed on older computers. The power LED should be lit all the time when the computer is on, and the HDD LED would blink when the hard drive is being accessed. The buttons and the LEDs are for the benefit of the user. The computer will work fine even if they are hooked up wrong or broken. 

Inside the box is normally where the confusion begins. Here we have RAM, ROM, Megabytes and motherboards, drives and adapters. All of these things are necessary for even the most stripped-down computer, but they need no assembly beyond plugging connectors together and turning in the occasional screw. The cost of each part can be as high as a couple hundred dollars, or as low as $10 or $20. The first part we'll consider, the power supply, is usually purchased with the system box itself, and in some brand name machines, will have a unique shape (form factor). A unique and painful replacement cost goes hand- in-hand. Power supplies and system boxes are normally sold together, for a price between $40 dollars for a cheap mini-tower to $70 for a desktop and over $100 for a tower. The cheapest cases often have metal burrs inside that scratch unwary hands, and lack fit and finish. 

The Bare Bones System 

A bare bones system consists of a case, power supply, motherboard, CPU (brain) and memory. New computers are often sold to computer stores and other resellers as "bare bones" for a couple of reasons. One is the FCC (Federal Communications Commission) approval sticker that should appear on the back of every computer, certifying that it won't interfere with your neighbors TV or radio. Manufacturers will sell "bare bones" systems as FCC approved, although there is no guarantee they would pass the test with other parts added. Another reason is that screwing in the motherboard and connecting all the little lights and switches is a dreary job that most resellers are willing to pay a few dollars to avoid. We will take advantage of the "bare bones" approach and divide up the parts inside the system box into three categories: "bare bones," "drives," and "adapter cards." 

The Power Supply 

The power supply, which is attached to the case with four to six screws, takes the 115volts of AC power from your wall plug, and turns it into the small DC voltages that all computer components operate on. The only continuous sound computers make when turned on is the power supply fan cooling the power supply. If the fan fails, the power supply will quickly overheat and fail. The cost of a standard power supply, for both mini-tower and desktop cases, is around $35. Old fashioned "AT" type power supplies, with a large paddle switch on the side, run over $50. The main figure of merit for power supply connoisseurs to boast about is their power output, in watts. The standard, cheap, power supply delivers 200 watts, which is more than you'll ever need. The power supply performs two jobs insides the box. One is to supply power to the motherboard in a wide variety of voltages, and the other is to provide power to the drives. 

The Motherboard 

All of the parts that go into building a computer have a direct connection to the motherboard. The motherboard, besides serving as the traffic cop for routing information to all the parts, also serves as the home of the brain (CPU) and the memory (RAM), which fit into special sockets. A lot of terminology is used to describe different flavors of motherboards and their capabilities, but most variations have little real impact on the user. The main point to get is that the motherboard is where the software you will run on your computer actually executes, as the brain works with the information stored in the memory. Motherboards are often sold with the brain (CPU), and a new generation of motherboard must be designed for each new CPU (386, 486, Pentium) that's released. A 386 motherboard, with CPU, has no value on the market, while a new 486 motherboard with CPU might sell for up to $75 dollars. Pentium motherboards, with CPU, range from $100 to $1000 dollars, depending on the exact model (Pentium, Pentium MMX, Pentium PRO, Pentium II). 

CPU (The Brain) 

The vast majority of all CPUs mounted on PC motherboards from the beginning of time (the early eighties in this case) are manufactured by Intel. Other companies that have tried competing, including NEC, Texas Instruments, Cyrix, and Motorola, which makes the CPUs for Apple Computers. However, the only CPUs besides Intel that you're likely to find inside a hand-me-down PC are manufactured by AMD (American Micro Devices). Fortunately, they follow the same nomenclature, so I will usually omit the manufacturer and refer to CPUs generically as 386s or 486s. The primary figure of merit for a CPU is the clock speed, measured in MHz (Megahertz). To understand speed with which CPUs operate, let's compare them to alarm clocks. 

Alarm clocks come in two basic types; digital and analog. An analog alarm clock motor runs directly off the 115 Volt, 60Hz AC power from the wall outlet. Through a series of gears, like an automobile transmission, the alarm clock motor moves the second hand around the face once a minute, the minute hand once an hour, and the hour hand, twice a day. Those of us with a cheap analog alarm clocks and good ears can hear the alarm faintly building up before it goes off. That's because time, in the analog world, is continuous, so things never happen "all at once." A digital alarm clock displays the time in Arabic numerals, and changes the time displayed once a minute. If the alarm is set for 6:30 AM, when the clock changes from 6:29 AM to 6:30 AM, the alarm starts to beep. In effect, there has been a step change, an "all at once," and there are no faint warning beeps before the alarm sounds. 

CPUs are digital. The CPU clock speed tells us how many step changes, or operations, the CPU will make in one second. For example, a 386DX-25 CPU does 25 million operations per second. A 486SX- 25 CPU also does 25 million operations per second, while a 486DX/4-100 CPU does 100 million operations per second. CPUs all do millions of operations per second, expressed as "MHz," so we only need to comprehend the smaller number, 25, 66, 100. The speed of the CPU isn't the only thing that determines how fast the computer runs your software (imagine putting a race car engine in a truck), but the higher the number, the faster the machine. 

There are three other parts to the nomenclature, which you may have noticed above. First is whether we have a 386 or a 486. CPU manufacturers improve their chips with each generation, and the 486 is required by many newer software packages. The 486 replaced the 386, just as the 386 replaced the 286, which was the CPU in the IBM PC-AT. Don't pay for a 386. Another part to the nomenclature is the "DX" or "SX" part, and the last bit is the "4" that appears in the 486DX/4-100. With both 386 and 486 CPUs, the DX does complicated math (engineering calculations) better than the SX. Some software may require that you have a DX type CPU, or that you buy another CPU like chip known as a math co-processor to compensate. Just remember DX is better than SX, and don't buy a machine with an SX CPU unless it comes with a real nice monitor you can use on your next machine. The "4" that appears in 486DX/4-100 or the "2" in 486DX/2-66 tells us that while the CPU runs at the stated speed, 100 or 66, it talks with the motherboard it's plugged into at a lower speed. That means it can work very quickly with information held in the CPU, but if it has to go out and get something from memory, things slow down. Current CPU speeds in new Pentium PCs range from 166MHz (a low end Pentium MMX) to 500MHz for a high end Pentium II. 

RAM (The Memory) 

Memory is what the CPU shuffles through in order for the software to accomplish anything. The CPU never looks directly at the information on your floppy disk or your hard drive. This information is copied into memory by one of the traffic cops on the motherboard. The CPU then reads this information from the memory and acts on it. Random Access Memory (RAM) is called by this name because the CPU can get information from any location in the memory in much less than a millionth of a second. Even picking spots at random, the retrieval speed remains unchanged. This is very different from the case with a floppy drive. Bits of information stored next to each other on the floppy can be read quickly, while bits that are recorded a couple inches away on the disk take much longer to retrieve, actual fractions of a second! Sometimes a "D" is added to the front of "RAM," which makes the word "DRAM." The "D" stands for dynamic; because the RAM actually forgets what its holding if the motherboard doesn't continually refresh (read and re-write) the information. Everything in DRAM disappears when the computer is turned off. 

Computers work with very small bits of information, intelligently known as "bits," which have to be combined together into larger clumps to make any sense. The basic clump used by computers consists of 8 bits and is known as a "byte." Memory size is measured in bytes, and more is always better. Since computers need huge numbers of bytes to do anything useful, the measure of a "megabyte," one million bytes, is used. Early 386 machines could limp by on 2 megabytes (MB) of RAM, but 4 MB is the minimum required to run Windows 3.X in a reasonable fashion. 8 MB works fine with older software, but many new programs are requiring 32 MB. Very few DOS/Windows programs require 16 MB (the next possible increment due to the way memory is installed in most machines), but overall performance does improve with additional memory. Windows 95 can operate with 8MB, but many Windows 95 applications require 16MB, and 32MB is now standard on the run-of-the-mill new PC. 

Drives 

Drives provide the permanent storage for your computer. When the computer is turned off, all of the parts except for the drives are effectively wiped clean. Drives all use electric motors to spin disks or tapes, and require a power lead directly from the power supply. Most drives, like floppies, CDs and tapes, use a removable media that we slide into the drive on the front of the system box. Some special purposes drives (you’ll rarely see one on a hand-me-down PC) sit entirely outside the system box and is connected by a cable to a special port, and these are called "external drives." Hard drives are sealed against the atmosphere, and have no removable media. These drives can rarely be seen from the outside of the system box, which is why manufacturers include a "HDD" LED (light) on the front panel to show when they are being accessed. 

The Floppy Drive. 

Floppy drives and floppy disks come in two sizes: the older, flexible, 5 1/4" disks and the newer, rigid, 3 1/2" disks. Floppy disks, which are read by a floppy drive, provide permanent, removable storage for your computer. The storage is permanent, because it is recorded in the magnetic material of the disk the same way that audio or videocassettes are recorded. As long as you keep the disks away from big magnets and don't spill coffee on them, they'll hold the information for a couple years. Several different formats for floppy disks exist, which describe how much information can be recorded on them. New drives, with High Density floppies, record 1.2 MB on a 5 1/4" disk and 1.44 MB on a 3 1/2" disk. The drives are cheap. A brand new 1.44MB drive costs about $25, a 1.2MB drive about $35. There is no reason for buying or using a 1.2MB (5 1/4") drive, unless you are stuck with a bunch of old disks filled with information. Even then, your best bet would be to copy them onto newer disks. 

Hard Drives 

Now we're getting to the real storage. The hard drive is essentially several non-removable rigid floppy disks stacked together with a drive built around them. Because the disks are rigid, the read/write heads can be positioned much more accurately, allowing more information to be written (higher density). Another advantage is the disks can spin much faster, thousands of RPM (Revolutions per Minute). As a result of higher recording density and faster spinning, hard drives can write and retrieve information much faster than floppy drives. The most important measure associated with a hard drive is the capacity, how many megabytes it can store. Hard drives being sold today can hold over 1000 floppy disks worth of information, but our older drives have a more modest capacity. 

About the smallest drive you'll find in an old 386 is a 40MB drive, which could just about hold DOS and Windows with a couple small programs. Drives up to about 500 MB are commonly found in older PCs, and some machines will have a second drive installed. Pricing for old drives is irrelevant, since they quickly disappear from the market when new drive prices fall. About the smallest hard drive commonly available today is the 800MB drive for $100. A 1000 MB (or 1 gigabyte) drive costs about $125, and a 3.0GB drive goes for less than $240. Hard drives are very reliable (much more so then floppies) and most have an operating life exceeding five years. However, if you have important information on your hard drive, say your checkbook or your unfinished novel, it's always a good idea to make a fallback copy onto a floppy disk. This procedure is known as "backing up." Store the backup disk(s) away from the computer, so in case of fire or theft, you still have your copy. 

CD-ROM Drives 

CD drives are relative newcomers to PCs, coming into common use about five years ago. CD drives made possible the delivery of huge software programs and games to the user that would otherwise require hundreds of floppy disks. CD discs are very cheap to mass manufacture at about 60 cents each, and have tremendous shelf life, over 100 years. All CD drives are capable of playing regular music CDs, and have a headphone jack on the front of the player. If the system box contains a sound card, the music can be amplified and played out of speakers. CD discs come in one size only, with a maximum capacity of about 680 MB. The main comparison between CD drives is the transfer speed, how fast they can hand information to the motherboard to be placed in memory. This is expressed as a multiple, 2X, 3X, 4X, 6X and so on of the original CD drive transfer speed, which was the same as that of a stereo CD player. While any speed CD drive is better than nothing, 2X (double speed) is the minimum needed for multimedia, and the cost of 6X drives is already down under $50 (if you can find them), so the slower ones are no longer sold. The current state of the art CD drive is the 24X, which still costs over $100. DVD drives are just coming onto the market with in their 4.0GB incarnation and can hold up 10 Cd’s on one DVD. 

Tape Drives 

Many older PCs are equipped with tape drives for backing up the information on the hard drive. The most common drives had a capacity of 120 or 250 megabytes, stored on a removable tape about half the size and twice the thickness of an audiocassette. The thick metal bottom of the cartridge easily recognizes these one-sided tapes that helps conduct away heat. Some more expensive or obsolete drives use tapes as small as a telephone answering machine cassette or as large as a VHS cassette. Tape drives in individual computers have gone out of vogue for two reasons. First, they proved less reliable than the hard drives they back up. Second, as hard drive capacity skyrocketed, the cheap tape drives required several tapes (and hours) to back up the data. Another reason is that most companies have installed networks, which allow the administrator to backup individual computers onto a single, fast tape drive at a central location. Second-hand tape drives have no market value, and are often "orphans," i.e., the tapes are no longer available. 

Adapters 

Adapter cards that plug into the motherboard are what give PCs the tremendous flexibility to do all of the jobs we can think up for them. As computer technology has evolved, the sockets on the motherboard, called "bus slots," into which the adapter cards are placed, have evolved as well. The latest adapter cards used in Pentium computers can move four times as much information in a single effort as the older cards used in 386 computers. Most 486 computer motherboards sport a few slots which fall in- between in this evolution, allowing use of adapter cards which move twice as much information at a time as in 386s and half as much as in Pentiums. The classification of these adapters is important if you are buying replacements, and they go as follows: 16 bit adapter (286 motherboards and higher), VESA adapter (486 systems), EISA adapter (some 386 systems and higher, very expensive) and PCI adapter (Pentium systems). All motherboards, including the newest Pentiums, leave a couple old-fashioned 16-bit slots (sometimes even 8 bit slots!) for compatibility with old technology. The standard motherboard can support (has space for) six or seven adapters to plug into the bus. 

Video Adapters 

The video adapter performs the job of the cable box or the antennas on your TV. It takes the information the motherboard tells it to display and generates the signals that the monitor understands. In the case of old video adapters; Hercules, CGA (Color Graphics Adapter), EGA (Extended Graphics Adapter), this was a digital code. Do not pay for a computer with this type of adapter or monitor. The new generation of adapters, VGA (Video Graphics Adapter), operates more like a traditional television, providing the monitor with color (Red, Green, Blue - RGB) information and some timing signals. There are several distinct levels of performance associated with VGA adapters, namely how many colors they can display at one time, how much information they can squeeze onto a screen, and how often they update the information. How fast the different video adapters can refresh the monitor is dependent on both the adapter and the monitor, and is set aside for the monitor discussion. VGA adapters come equipped with their own RAM for temporarily storing what will be drawn on the monitor, and the amount of RAM usually corresponds with the overall performance of the adapter. The brand of VGA adapter, and the amount of RAM it carries in kilobytes (KB), is usually the first thing displayed on the monitor when the computer is turned on. 

VGA Adapters with 256KB RAM 

VGA adapters with 256KB RAM are no longer sold. These adapters limit even the most expensive monitors to displaying 256 colors at VGA screen resolution. By VGA screen resolution, we are talking about the number of pixels (separate points) the monitor uses to fill the screen. VGA resolution uses 640 pixels horizontally across the monitor, and 400 pixels vertically, up and down. This compares well with broadcast television, which uses 512 pixels horizontally by 384 pixels vertically to fill up your TV screen, which is usually much larger than your monitor. For the math lovers crowd, you can multiply 640 and 400 together, coming up with 256,000, or 256K. These 256K pixels require one byte of memory each, which is where we get the 256KB of memory. One important note is that the video adapter requires special software called a "driver" to be installed on your computer for it to work to its highest potential. Without the driver installed, Windows and other software will only display 16 simultaneous colors, instead of 256. 

SVGA Adapters with 512KB RAM 

SVGA adapters (you caught the "S" sneaking in front of the VGA) are capable of displaying "Super" VGA resolutions, beyond the 640 by 400 resolution of plain VGA. As you can guess, more resolution means more pixels, and more pixels at one byte of memory per pixel means more memory. SVGA adapters can display 800 pixels horizontally by 600 pixels vertically on the screen. Or, at two bytes of memory per pixel, they can still display regular VGA resolution. The extra byte per pixel at regular VGA resolution lets the adapter display 256 multiplied by 256 equals 64,356 colors at one time. Over 64,000 colors is enough to make most images appear as clear as photographs on a good monitor. SVGA adapters are a minimum requirement for multimedia software for this reason, the ability to display near to "true" color. Some people will use the SVGA adapter to display the 800 by 600 pixel resolution instead, which fits almost twice as much information on the screen in one shot. The penalty for doing this is that everything appears proportionally smaller (remember, the size of the monitor hasn't changed), and only 256 colors can be displayed at one time. These adapters are sold in the $30 to $40 range. Again, software from the manufacturer controls how the SVGA adapter operates. 

Video Adapters with 1MB RAM and Beyond 

The standard video adapter sold today comes with 2MB (2048KB) of video memory, and many 486 PCs were equipped with these cards. With double the memory of the 512KB adapters, they can send the monitor over 16 million colors to be displayed simultaneously at VGA resolution. This creates a picture perfect image know as "true color." Likewise, there is now enough memory per pixel at SVGA resolution to display over 64,000 colors simultaneously. Most of these adapters can operate at even higher resolutions, displaying 256 colors at 1024 by 768 resolution, or 16 colors at 1280 by 1024 resolution. These higher resolutions are normally only used by artists or computer draftsmen who have large monitors (over 17") and buy video adapters with 2MB of memory or more to allow them to display more colors at these super high resolutions. 

Input/Output (I/O) Adapter 

Before we even begin the discussion of the I/O adapter, we must note that in almost all 386 and 486 computers, the functions of this card have been combined with the disk controller functions into a single adapter, the SIDE adapter, which will be discussed in the next section. The I/O functions we discuss here operate exactly the same way when combined into the SIDE adapter. The I/O adapter provides several ports, through which the computer communicates with the outside world. There are three types of ports provided; serial communications, parallel communications and the game port. Two serial ports are provided, normally called "Com1" and "Com2," one parallel port called the "Printer Port," and the game port, normally used to connect a joystick for arcade type games. Nearly all computers will have a mouse (pointing device) connected to the Com1 port, and almost all printers sold will work when hooked up to the printer port. The second serial port normally goes unused, unless an external modem (connects your computer to the world through a telephone lines) or some special equipment is purchased. An I/O adapter costs less than $10. 

Other Adapters 

A video adapter and a IDE adapter are the minimum number of adapters required for a PC to operate. Millions of computers complete their life cycle with no additions to these two basic adapters. If you don't have any additional adapters, you can skip down to "Outside the System Box" at this point. There are literally hundreds of other adapters available for PCs, most of them designed to let the computer talk to a specific piece of equipment in a laboratory or on a shop floor. While your hand-me-down PC might contain a left over adapter from some obsolete system, guessing at what it might be is beyond the scope of this book. In the next few paragraphs we will cover the more common adapters you might find in a hand-me-down PC, or buy, but a final word about unknown adapters. Leave them where they are, and don't start plugging things in unused ports at random to see if they do anything. In other words, "If it's not broke, don't fix it." 

Internal Modem 

About the most common and most useful extra adapter you can have in your PC is an internal modem. A modem is a device that gets plugged into a telephone jack that enables communications between your computer and other computers. These other computers could be at work, at your bank, or the gatekeepers (servers) on the Internet or the World Wide Web. Like most computer parts, modems have evolved to communicate faster and faster over the last ten years. Because of the premium prices commanded by faster modems, older computers will come with slow modems. Modems are categorized by their line data rate in bits per second (bps). The slowest modem you'll find in an old 386 will run at 1200 bps, compared to the newest modems in Pentiums that run at 33,600 bps (even faster using one way digital links - up to 56,000 bps). Modems in 386s and 486s can be at either extreme or fall anywhere in-between. The important cut off number, 14,400 bps, is known as a "fourteen four," and this is the minimum speed for a modem to achieve acceptable performance on the World Wide Web. Most modems are also capable of sending and receiving faxes, but people with a serious amount of faxing to do will find a regular paper fax far more convenient. 

Sound Cards 

Sound cards are adapters that perform at least three functions. Two of those functions are complimentary; converting analog sound from a microphone or stereo jack into digital computer codes (A/D) and converting the computers digital codes for sound back into voice or music, that is played back through speakers (D/A). They provide enough amplification so that a CD drive played through the sound card will provide enough power to drive the speakers. Most sound cards also have a ribbon connector for connecting CD drives that can't be connected to a different adapter. Musical Instrument Digital Interface (MIDI) sound allowed the card to create instrumental sound based on "cues," which take less than 1% the storage space than actual recorded music. Newer cards also support the Wave Tables, which use pre- sampled selections of actual instruments to produce a much richer sound than MIDI. 

Sound cards, like everything else, have evolved since their introduction in the early Nineties. The original successful card was the Sound Blaster from Creative Labs, and most sound cards manufactured since guarantee "Sound Blaster" compatibility. The oldest generations, called “eight bit” cards, are better than nothing, but should not be purchased. "Sixteen bit" cards are capable of recording and reproducing sound as accurately as your stereo CD player. However, high fidelity recording also depends on having a system fast enough to take the recorded sound from the sound card and move it to the hard drive without any interruptions. A "sixteen bit Sound Blaster Compatible" goes for around $30, while a real Sound Blaster from Creative Labs cost about $50. More expensive sound cards with recording studio type software can cost hundreds of dollars. 

Network Adapters 

Few of us have LANs (Local Area Networks) in our homes, but cost is no longer the reason. Early network adapters costs hundreds of dollars apiece, but while some brand names still hover around the $100 mark, reliable network adapters for all types of networks can be purchased in the $30 to $40 range. Special network software, which once had to be purchased separately, now comes as part of the Window for Workgroups or Windows 95 software. LANs allow information to be passed from computer to computer about 1000 times faster than by a modem connection. There are at least half dozen types of LANs in use, with names like Token Ring, Ethernet and ArcNet. The most common LANs, outside of big corporations, variations on the Ethernet standard; 10Base 'T', which uses twisted pair telephone type wire, and Thin Ethernet, which uses coaxial cable. The $30 to $40 adapters mentioned earlier support both types of LANs. 

For more info get McGraw-Hill's published book, “The Hand-Me-Down PC“
