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Week1
Objective: Understanding basic Electric Theory

Introduction

A complete circuit is needed before voltage carseahe current to flow
through the load to perform work. A simple electicuit consists of.
1. Voltage source (e.g. battery)
2. Load (e.g. lamp)
3. Path for the current between the power supply haddad (e.g. wire).
The following figure shows a simple electric citonith its schematic

representation. Also it can be seen from the fig@r#) the flow of the current.
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Physical Representation Schematic Representation

Figure(2-1) :A simple electric circuit

2.2 Basic Concepts

The three main concepts in electricity are voltagerent and resistance.
Voltage or potential difference can be thougha®the driving force (although it
is not really a "force") behind the electric curenin the water analogy , in
figure(2-2), you can think of voltage as the presdifference created by a pump
that causes the water to flow through the pipénewater system. Also you can

think of the electrons flow in the electric circas equivalent to the flow of the




water in the pipes that caused by the pump. Anothmggortant concept in
electricity is resistance. Its Property of a matlethat opposes the flow of
electrons through it. Resistance in a material iesult of the collision of
electrons with the atoms and with each other ay theve. The collisions
produce heat, increasing the temperature of themahtThis can be useful in
some application such as the filament lamp.
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Figure (2-2) water analogy

The following table contain brief definitions toetlelectric concepts with their
units.

The relationship between voltage, current, andtasce in an electrical
circuit is fundamental to the operation of any witcor device. It can be

related mathematical in a law called Ohms law.

V=IxR

Term Definition Unit

Voltage(v) | The electrical "pressure” that causes free | /ot (v)

electrons to flow through an electrical circuit




Current(l) Flow of electrons Ampere(A)

g

. Opposition of the materials to the flow of the
Resistance(R _ _ Ohm(@)
electric current through it.

Table (2-1): Electrical quantities definitions

To make the previodsircuit more practicala switch and a simplduse
can be added as it can be seen in the followingdigThe purpose of the switch
is to open or close the circuit l.e. to control thecuit. Note in the next figure
when the circuit ilosethe light is on, and when the circuitapen the light is
off.

The purpose of the fuse is to open the circuit wihencurrent exceeds the

limit i.e. for protection.

2.3 Voltage Source

Voltage sources can cause two type of currentoto in the circuit.
They are Direct Current (DC) and Alternating cutré®C). In DC current the
current flow in one direction and in the AC curréhe current flows in two

directions as shown in figure (2-3).

&Ll ; Previous?
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Figure( 2-3) :A simple electric circuit with a swith and a fuse

Example of DC voltage source is batteries and pledt® Examples of

AC current are AC generators and socket outlets.
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Figure(2-4):DC and AC waveforms
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3.1 Introduction
In 1826 George Simon Ohm found that the currerltage, and resistance

are related in a specific way. Ohm expressed #igionship with a formula that

s law and howis law. In this chapter, you will learn Ohisiknown today as Ohm
to used it in solving circuit problems.

Electric circuit can be of two basic forms: sermsd parallel. In this

s ‘chapter, series, and parallel circuits are studred will also see how Ohm

law is used in series, and parallel circuits
3.2 Ohnts Law

s law is the most important mathematical relatigndhetween‘Ohm
voltage, current and resistance in electricity. Ghraw is used in three forms
depending on which quantity voltage, current oristasce you need to

determine. In this section, you will learn eachhwse forms.

s Law‘3.2.1 Explanation of Ohm
In the electric circuit, if the voltage across dam$ resistor value is
increase, the current through the resistor wilb aferease; and, if the voltage is
decrease, the current will decrease. For exaniple]tage is double, the current
will doubled. If the voltage is halved, the currenill also be halved. This

relationship is illustrated in the figure (3-1),twused voltage and current meter.

o High Low W@ High [z High Tow

10 OVO I 5 VO
| ] | P
10 Ohms SR 10 Ohmng
100 volts > 200 volts
(| 1
' '
(a) Decrease V, decrease | )({mcrease V, increase |

Figure (3-1): Effect of changing the voltage at catant resistance



s law also stated that if the voltage is kept camstless resistanc®©hm

results in more current, and, also, more resistamsalts in less current. For

example, if resistance is halved, the current ddubled. If the resistance is
doubled, the current is halved.

This relationship is illustrated by the meter iradions in the figure (3-2).

Where the resistance is increase and the voltagenstant.

IO OVoO IO QVO
1 —1
10 Ohms 3R 20 Ohms%R
100 volts > 100 volts
(| (|
i '
(a) Decrease R, increase | )(mcrease R, decrease |

Figure (3-2): Effect of changing the resistance atonstant voltage

From previous illustrated,

s law states that, current and voltage are linearlyOhm
proportional at constant resistance; current and raistance are

inversely related at constant voltage.

According this law the following three equivalentrula is derived:

Formula for current

| = v Equation (3-1)

s low is used to determine current if voltage aesistanceéThis form of Ohm

values are known



Formula for voltage

V=IR Equation (3-2)

s low is used to determine voltage if current agsistanceThis form of Ohm

values are known

Formula for resistance

R=— Equation (3-3)

s low is used to determine resistance if voltage @mrent‘This form of Ohm

values are known

3.2.2 Ohnts Law triangle

There is an easy way to remember which formulas®e. By arranging
current, voltage and resistance in a triangle, oae quickly determine the

s Law triangle is shown in figure (3-8prrect formula. Ohm

s Law triangle Figureg : Ohm
To use the triangle, cover the value you want loutate, the remaining letters

make up the formula as shown in figure (3-4).




Figure(3-4) : Easy way to remembwhich formula to use

Remember the following three rules:

s Law can only give the correct answer when theecbwvalues are use®hm
Current is always expressed in Amperes or Amps (A)
Voltage is always expressed in Volts (V)
Resistance is always expressed in Oh@js (
3.2.3The Relationship of Current, Voltage and Resistance
s law describes how current is related to voltage eesistance:Ohm
current and voltage are linearly proportional anstant resistance; current and
resistance are inversely related at constant waltag
3.2.3.1 The Linear Relationship of Current and Voltage
Current and voltage linearly proportional; thatifspne is increased by a
certain percentage, the other will increase or eles® by the same percentage,
assuming that the resistance is constant value.
s take a constant value dfo draw a graph of current verses voltage, let
resistance. For example, R<€10and calculate the current for several value of
voltage ranged from 0 to 100 V by used the formah/10 where R=1Q2. the

current values obtained are shown in the table)(3-1



I(A)
vv) | 1(A) A
10

1
20| 2
30| 3
40| 4
50 | 5

6

7

50

60

70

100 0 ! ! ! ! ! ! L
0 10 20 30 40 50 60 70

Table (3-1) Figure (3-5) : Graph of current versus voltage for
R=10

The graph of the current values versus the voltadges is shown in the
figure(3-5). This graph tells us that a change aftage results in a linearly
proportional change in current. From graph the gkan voltage from 20 to 30
is increased by 50% by calculation the currenttniigsincrease by the same
percentages 50% | = 2 + 2 X 50/100 = 3A.

3.2.3.2 Current and Resistance are | nversely Related
Current varies inversely with resistance as expetsdims law, 1=V/R.
when the resistance is decreased, the current gmesvhen the resistance is
s take a constant value ohcreased, the current goes down. For example, let
voltage V=10volts, and calculate the current fovesal value of resistance
ranged from 10 to 10Q by used the formula I=10/R. the current valuesioletd
are shown in the next table (3-2), The brapthe current values versus the

voltage values is shown in the figure(3-6).



R ()| I (A)
10 1
20 | 0.500
30 | 0.333
40 | 0.250
50 | 0.200
60 | 0.167
70 | 0.143
LY
R OFigure (3-6) : Graph of current versus resistance fol
Table ( 3-2) V=10 v
WEEK 3-4

1. Resistors

1.1 Resistivity
While resistance is an electrical quantity, resistivity is a physical property of
materials, which is used to produce resistance.
1.1.1 Resistance of materials

Resistance or conductance depends entirely on a conductor's physical
parameters:

the type of material,

the length |

the cross sectional area A
the temperature

The resistance depends on the number of valency electrons available in the

material. This property of the material is called "resistivity", (or specific
resistance) with the symbol " "(rho).

The resistivity  has the unit  *mm?/m.



tempersture; 20°C

Fig. 1.1.1.1:

The condition under which the resistivity F(rho) is defined for different

conductor materials:

1m long
1mm? area
20°C temperature

The resistance increases (proportional) with increasing length and decrease

(inverse proportional) with the area.

This is expressed by the formula:

1

R=F

A
Where:
R: resistance in &2
P resistivity in £2*mm?m
I: length in m
A: cross sectional area in mm?

The reciprocal of the resistivity Pis the conductivity % (Kappa).

E=—

1
D_E or 9]

The unit of the conductivity is m/( £2*mm?)

Using K, the resistance can be calculated by the formula:

R =

ETA

Example:

Copper has a Pof 0.0178 “2mm?m or a ¥of 57.1 m/ &2mm?.

A copper wire is 80m long and has a c.s.a. of 1.5mm?.
Calculate its resistance.
| =80m



A = 1.5mm?
P=0.0178 “2mm¥m

* * 2
R=p_l= 0.0M7Ea mm ) s0m 09490
m*1.5mm

For materials with very high resistivity (insulators), the resistivity may have
different units,

for instance “2*cm?cm = L2*cm or L2*m2/m = £2¥m.

cza.=1cm®

Emsl

Fig. 1.1.1.2:
The values of other decades can be found by multiplying the base values by
powers of ten. (e.g. 82k &4 = 8.2*10 £L2)

For general electronic applications 10% or 5% tolerance resistors are sufficient.
For precision applications 2% and 1% types may be used.



1.2 The Color Code

In former times all resistors were labeled with figures indicating their values.

These figures were substituted by color rings which indicate the value and the
tolerance. The reasons

were. color  Value: Multiplier  Tolerance:
black 0 10°=1
brown 1 10" =10 1%

yellow 4 10" = 10k

« cheaper application of the labeling
+ increasing miniaturisation left no room for figures
« figures can not be read when on the bottom side of the element.

The international color code defines the corresponding values of each color.



white 9

none 20%

Values with a tolerances between 20% and 5% can be specified by 2 significant
numbers. Therefore such resistors will have

+ two color rings for the value
« one color ring for the multiplier
« one color ring for the tolerance (none for 20%).

5% and 10% tolerance resistors have 4 color rings.
The last ring is gold or silver.

Values with smaller tolerances (2% and 1%) require three significant numbers.
Therefore such resistor will have

+ three color rings for the value
« one color ring for the multiplier
« one color ring for the tolerance.

1% and 2% tolerance resistors have 5 colour rings. The last ring is
brown or red.

4 colour rings for 5 colour rings for
5% and 10% tolerance resistors: 1% and 2% tolerance resistors:



1. 2. 3. 4. ring 1. 2.3 4 5 6 ring

1.Mo 2.Mo Mult Tol 1Mo 2.Mo Mo Mult Tol Temp

1 1 1 == 1 1 1 1 bY—
black o 0 x black o 0 0 x1
baroisin 1 1 =10 1% brovwen 1 1 1 %10 1%
red 2 2 w00 2% red 202 2 x100 2% 501
orange 3 3wk orange 3 3 3 xilk 1531
yellowy 4 4 w10k yellow 4 4 4 x10k 25x%1
green 55 100k 05% green 5 5 5 w100k 05%
blue B 6 xIM blue B 6 6 xiM
yiolet 7T x10m violet 777 x10M
grey 8 & x00M arey 8 8§ 8 x100M
white 9 9 %G wihite 9 9 9 %G
gold 0.1 5% gold 301
Silvar *0.01  10% silver ¥ .01

1.2.3 Power rating

Resistors transform electrical energy into heat. This heat has to be transferred
to the environment by any form of cooling. Cooling will be discussed in detail in
chapter 7.

Different types of resistors will be able to transform different amount of electrical
energy to heat without being damaged. This will depend on the construction of
the resistor:

The physical dimension (large, small)
The maximum temperature the materials used can withstand,
The means of cooling used.

The power rating of a resistor will give the maximum power that can be
permanently applied to the resistor under normal operation conditions without
causing any damage to the resistor.



The power rating given in the data sheets will only apply for normal environment
temperatures. For higher temperatures the power handling capacity of the
resistor will be reduced.

Pnax
Prated

100% -
30% -
I 7 U U
40% -

20%

40°c Bo°C 120%C

Fig. 1.2.3.1:
Typical power characteristic of a resistor versus the ambient temperature. The
power handling capacity reduces at higher ambient temperatures.

T »
160°C Temp

Exceeding the rated power may cause damage to a resistor, mainly:

« change of nominal value,
« reduction of live time
- total failure.

Overloaded resistors will "burn”. Their conductor will evaporate or oxidize and
normally their resistance goes to infinite.

The power resistors can handle for short moments may be considerably higher
(10 to 1000 times) than the power rating. This is because in such short
moments the temperature of the resistor will not rise to excessive values.

Different types of resistors will have different pulse power ratings.

1.3 Cases and constructions

Theoretically a resistor is constructed of a resistive wire. In practice the
following parts will be required in addition:

« insulating body
« contacting wires
« insulating coating



Depending on the application such resistors can be constructed in many
different way. The construction will depend on the application of the resistor.

Special types of power resistors are available with metal cases which can be
mounted on heat sinks for better cooling.

Fig. 1.2.4.2:
Example of a power resistor in metal case to be mounted on a heat sink to
increase the power handling.

1.4 Surface Mounted Device Resistors (SMD)

For the new technology of surface mounted devices special resistors are
available. They have no connector wires and will be soldered directly to the
surface of the PCB. These resistors have extremely small dimensions to allow
high package densities on the PCB. Normally they are of block shape rather
than cylindric. The mounting and soldering can only be done with special
automatic machines, as these elements are too small for manual handling.

Due to the fact that the resistive layer is on a ceramic chip, they are also called
chip resistors.
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Fig. 1.2.4.3:
Construction of a SMD resistor.

1.5 Resistor Arrays

In digital circuits often many resistors of similar values are required, e.g. for bus
termination or as pull-up resistors. For these purposes several resistors can be
integrated in one standard single-in-line (SIL) or dual-in-line (DIL) package. In
many applications all of the resistors will be connected to one potential, e.g.
ground. Therefore such resistor arrays will be available with one end of all
resistors connected to one point. This reduces the number of required terminals
and will therefore reduce the size of the package.

Isolated resistors bussed resistors
T
JUI LI AWLPLYLPLNLY
ou 000000 [
TRTATRTAT TATRTRTRTET
Fig. 1.2.4.4:

Packages and resistor arrangements of different resistor arrays.

All resistors of an array normally have the same values. All values of the E12
series are available from 22 %2 to 1M £2.

High precision voltage divider resistors for voltmeters are available in one
package. Typically these are 1k %2, 9k £, 90k &2 and 900k £2.



1.6 Fixed Res istor's Technologies

Fixed resistors are cheap circuit elements which normally do not produce
problems. But they represent the largest group of circuit elements in electronic
circuits and therefore deserve some consideration. To understand the particular
properties of different types of resistors it is necessary to have a look at their
construction.

1.7 Wire wound resistors

The oldest technology of resistors is based upon the resistivity of metals and
certain alloy. The principle of production is still the same today. Alloy wires
having a defined resistivity are coiled upon a carrier, which is equipped with
suitable terminals.

1.8 Composite carbon resistors

In the history of resistors, the second to be produced were pure carbon
resistors. They were, however, the first resistors to be manufactured in mass
production. Essential for the development of this technology was the discovery
that resistors with a large range of values up to the Megohms can be
manufactured relatively easily by mixing carbon powder with resins, e.g. phenyl
resin.

1.9 Carbon film resistors

The negative properties of composite carbon resistors arise mainly from the use
of the composite material, the resin.

Pure carbon, on the contrary, has significantly better properties. The technology
to deposit carbon from carbohydrates on ceramic carriers by pyrolysis laid the
foundation for industrial manufacturing of carbon film resistors. The maximum
values of resistivity of carbon film ceramic cylinders are limited by the feasible

thickness of the layer. The obtainable surface resistance is smaller than 5K £2.

1.10 Metal Film Resistors

Structurally metal film resistors are practically the same as carbon film resistors.
The essential difference is the film itself: it consists of chemically pure
chromium-nickel alloys, which are brought on a ceramic body by vapouring in
vacuum or by a sputtering process. The metallic film on the carrier has a

thickness of 10nm to 100nm and a surface resistance of up to 3k &2.



1.11 Metal Oxide Film Resistors

Resistors with a metal oxide film are produced by hydrolysis: with hydrolysis of

tin chloride, a film of about 1 K- m tin oxide is deposited on the ceramic body.
This film is a relatively stable resistance material, even with temperatures up to
300 and it has clearly a higher over-loading capacity than metal film resistors
of the same structure.

1.12 Metal Glaze Film Resistors

Metal glaze film resistors are occasionally grouped under the "mass resistors" -
which can be explained by the relatively high thickness of the resistive film of

about 20-30 - m. But technologically they are film resistors. The actual resistor
film consists of a mixture of several metals, metal oxides, metal nitrates and
glass. At temperatures of around 1,000C these comp onents are melted to form
a resistive film on the ceramic body. The composition of the ingredients
determines the surface resistance, which is widely variable. By cutting a helix,
high resistances can be obtained.

1.13 Variable Resistors

Manually variable resistors are used whenever resistance value are to be
changed during operation or alignment of equipment. The resistance is varied
by changing the length of the resistive path between 0 and maximum. Variable
resistors are always denominated by their maximum resistance. They normally
have three terminals (beginning, end, slider), so they can be used as resistor or
voltage divider.

The majority of the variable resistors are rotating types with circular
(approximately 2709 resistive tracks. For special applications linear variable
resistors are available.

Potentiometer or faders we call the variable resistors which are manipulated
during operation.

Trim potentiometer or trim resistors are variable resistors which are
manipulated during alignment procedures. Often they are screw driver
operated.



=

manually variable manually variable
resistor voltage divider
trim resistor variable in steps
[=zcrevy driver adiustment) [zwitched resiztors)
Fig. 1.4.1:

Circuit symbols of different types of variable resistors.

Variable resistors are produced using the same technologies as for fixed
resistors. But their construction always requires some more or less complex
mechanics and therefore is subject to wear.

Variable resistors are considered relatively unreli able electronic
devices.

On the other hand high quality variable resistors ( e.g. professional
faders) will be relatively expensive.

1.14 Wire Wound Resistors

As for fixed resistors wire wound resistors are mainly used for high power
applications and for low resistance values. In all constructions the wire is wound
around a ceramic body. The wiper makes contact to the windings along a line
across the windings. Wire wound variable resistor will vary their resistance in
steps as the wiper moves along the windings.

Wire wound variable resistors are available as rotating and as linear types.
Linear types are mainly used as trim resistors.

D ¢
1 ﬁ I
Fig. 1.4.1.1:

Construction of wire wound variable resistors.



1.15 Carbon Track Resistors

Carbon track trim resistors and potentiometer form the largest group of variable
resistors in electronics. They are cheap and suitable for low power applications.

The resistive layer is made of hard carbon on a hard paper or ceramic insulating
base. The wiper is of bronze, often equipped with a carbon brush. Due to the
wear of the wiper and the carbon track these variable resistors have a limited
life time. The reliability may be increased by equipping the slider with a double
brush.

Carbon track variable resistors are mainly built as rotating types, either open or
with case for dust protection and shielding.

Transistor

The transistor is a solid state semiconductor devicewhich can be used for
amplification switching voltage stabilization, signal modulation and maoiper
functions. It acts as a variable valve which, basedts input currentBJT) or input
voltage EET), allows a precise amount of current to flow through itnfirthe circuit's
voltage supply.

Bipolar junction transistor (BJT)

Typical Transistors

A bipolar junction transistor (BJT) is a type ofransistoy an amplifying or switching
device constructed ofdoped semiconductorsthat
employs both types of charge carrierglectronsand
holes The BJT is a three layer sandwich of different
doped sections, either N-type|P-type|N-type (NF
transistors) or P-type|N-type|P-type (PNP transsyto Collector
The center layer is called tibase of the transistor and -

is made from lightly doped, high resistivity maggri
By varying the current into the base terminal, t
current allowed to flow between teaitter and a third
terminal known as theollector(which are both heavily
doped and hence low resistivity regions) can bédar
This effect can be used to amplify the input curre
BJTs can be thought of as current-controltedtrent l

sources and are usually characterized asirrent Collector Collector

amplifiers Early transistors were made fro

ntype PYP® n-type




germaniunmbut most modern BJTs are made frsificon.



JUNCTION TRANSISTORS

A junction transistor consists of a thin piece nédype of semiconductor mater
between two thicker

PNP

Collector NN Collectar

Emitter Ermitter
layers of the opposite type. For example, if thedte layer is -type, the outside laye
must be rtype. Such a transistor is an NPN transistor. Ohéhe outside layers
called the emitter, and the other is known as tilector. The middle layeis the base.

The places where the emitter joins the base andbdke joins the collector are cal
junctions.

Testing a BJT transistor

Transistors can be damaged by heat when solderify enisuse in a circuit. If yo

suspect that a transistor may bamaged there are two easy ways to te:
G

NPN



Testing with a multimeter

Use a multimeter or a simple tester (battery, tesend LED) to

check each pair of leads for conduction. Set galigiultimeter to

diode test and an analogue ultimeter to a low tasi® rangelest
each pair of leads both waygsix tests in total):

+ The base-emitter (BE) junction should behave like a diode and condu@ on
way only.

« The base-collector (BC)junction should behave like a diode and condue& on
way only.

+ Thecollector-emitter (CE) should not conduct either way.

The diagram shows how the junctions behave in al NBnsistor. The diodes are
reversed in a PNP transistor but the same testegue can be used.

FIELD EFFECT TRANSISTORS

A field effect transistor has only two layers ofrseonductor material, one on top of the
other. Electricity flows through one of the layersalled the channel. A voltage
connected to the other layer, called the gaterfares with the current flowing in the
channel. Thus, the voltage connected to the gat&aie the strength of the current in

the channel. There @rtwo basic varieties of field effect transistdns-t

junction field effect transistor(JFET) and the nhedgide semiconductor

field effect transistor (MOSFET). Most of the trasters contained in
today's integrated circuits are MOSFETS's

drain

N-channel FET

drain

gate
gate

SOurce

Source

Darlington pair



This is two transistors connected together sottteaaimplified current fror
the first is amplified further by the second tratsi. This gives th
Darlington pair a very high current gain such a8 Darlington pairs al
sold as compte packages containing the two transistors. Tlae lihree
leads B, C andE) which are equivalent to the leads of a stan

individual transistor

fm=s====== il * el
You can make up your own Darlington pair fri| 2#ingten pair
two transistors.

For example:

For TR1 use BC548B withgg; = 220. """ 77777777 0-==~ '
For TR2 use BC639 withgg, = 40.

The overall gain of this pair iSgg; X hegp = 220 x 40 = 880
The pair's maximum collector curreic(max) is the same as TF

Integrated circuit

Another name for &hig, an integrated circuit (IC) is a small electro
device made out of asemiconductc material. The first
integrated circuit was developed in the 1950s bgk
Kilby of Texas Instrumen and Robert Noyce of Fairchilc
Semiconductor

OR

An integrated circuit (IC) is a thin chip consisting of a
least two interconnectesemiconductor devicesmainly
transistors as well aspassive componer like resistors
As of 2004 typical chips are of size cnf or smaller, and
contain millions of interconnected devices, bugéarones exist as we
ICs categorized to two grouidigital and linear ICs’

What is inside the IC~

Miniaturized electronic circuit produced on a seglrystal, or chip, of
semiconducting material usually silicon. It may contain many millions
components and yet measure only 5 mm/0.2 in sgaradel mm/0.04 i
thick. The IC is encapsulated witha plastic or ceramic case, and linl



via gold wires to metal pins with which it is comted to aprinted circuit
boardandthe other components that make up suchtronic devices a
computers and calculatc

Silicon Chig

Integrated circuits are used for a variety of desjc including
microprocessorsaudio and video equipment, anctomobiles. Integrate
circuits are often classified by the number transistorsand othel
electronic components they conte

(1 SSI (smallscale integration) Up to 100 electronic componer
per chiy.

‘1 MSI (medium-scale integration) From 100 to 3,000 electron
components per ch

1 LSI (large-scale integration) From 3,000 to 100,000 electror
components per ch

1 VLSI (very large-scale integration) From 100,000 to 1,000,0(
electronic components per ct

7 ULSI (ultra large-scale integration): More than 1 millior
electronic components per ct

|IC packages

Chips come in a variety of packages. -

three most common ar
DIPs : Dual in-line packages are ti
traditional buglike chips that have anywh




from 8 to 40 legs, evenly divided in two rows.

PGAs: Pin-grid arrays are square chips in which pivesare
arranged in concentric squares.

SIPs: Single inline packages are chips that have just one row of
legs in a straight line like a comb.

In addition to these types of chips, there are alsgle in-line_ memory
modules(SIMMSs), which consist of up to nine chips packa@es a single
unit.

Basic Electrical Quantities Measurement

It is necessary knowing how to measure voltageeat, and resistance. Special
types of instruments are used to measure these bhksitrical quantities. The
instrument used to measure voltages isolimeter, the instrument used to
measure current isammeter, andthe instrument used to measure resistance is a

ohmmeter.

Commonly, all three instruments are combined ingingle instrumensuch as a
multimeter or AVO meter ( Ampere-Volt-Ohmmeter), in which you can
choose what specific quantity to measure by selgthe switch setting.

shows typical portable multimeters, part (a) froigure shows analog
multimeter with pointer, and part (b) shows a diginultimeter with digital

screen.



(a) Analog multimeter (b) Digital multimeter

Figure (3-21) Typicaloptable Multimeter

General scheme symbols is used to indicate plaseof meters in circuit
when value changes need to be shown. Figure (3sBajvs meter symbolssed

to present the different meters, as voltmeter, atanand ohmmeter.

o
Q9 @

(¢c) Ohmmeter

Figure (3-22) Meter symbols

3.5.1 Measuring Current with an Ammeter



It is knowing that current in the circuit is meesadi by ammeter, to
measure the current , the circuit must be opentlaacdimmeter is connected in

the circuit.

The ammeter connection in the circuit is a seriesonnection

Figure (3-23) illustrates how to connect ammetethim circuit and measure the

current .



(c) Install the ammeter in the current pass with polarity as shown
(negative to negative, positive to positive)

Figure (3-23) Example of an ammeter connection

3.5.2 Measuring Voltage with a Voltmeter

It is knowing that voltage in the circuit is measdirby voltmeter, to
measure the voltage, connect the voltmeter acihosscomponent which the

voltage is to be measured.



The voltmeter connection in the circuit is a parakl connection

Figure (3-24) illustrates how to connect voltmetethe circuit to measure the

voltage across the resistor.

+
<
Ol

Figure (3-24) Example of a voltmeter connection

3.5.3 Measuring Resistance with Ohmmeter

To measure resistance, connect the ohmmeter atmessesistor. The
resistor must first removed from the circuit. Thi®cedure is shown in figure(3-
25).



O+
o}
o]
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Figure (3-25) Example of using ohmmeter

1.5 Capacitors

1.5.1 Capacitor Fuﬂncat*ion-

| &

A capacitor is a device that stores energy in thetridefield createc
between a pair of conductors on which equal bubsipe electric
chargeshave been placed. Capacitors can be used vsistors intiming circuits
because it takes time for a capacitor to fill witrarge. They are used smooth
varying DC supplies Y acting as a reservoir of charge. They are alsudl us
filter circuits because capacitors easily pass &ftaging) signals but they blo
DC (constant) signals.
1.5.2 Capacitor measuring-
Capacitance

This is a measure of a capacitor's ability store charge. A larg
capacitance means that more charge can be stoapécitance is measured
farads symbol (F). However 1F is very large, so prefixes ased to show tr

smaller values.



Three prefixes (multipliers) are used, yu (microjnano) ad p (pico):

n means 16 (millionth), so 1000000uF = 1
n means 18 (thousan-millionth), so 1000nF = 1pF
p means 1 (million-millionth), so 1000pF = 1nF

Polarized capacitors (large values, 1uF -

1.5.3 Capacitor types:-
Electrolytic Capacitors:
Electrolytic capacitors are polarized and they nlaestonnected tr
correct way round,
At least one of their leads will be marked +-.

They are not damaged by heat when sold:

| 2804
-|-||:|I ZoN

—
58

Tantalum Bead Capacitors:

Tantalum bead capacitors apolarized an(.
have low voltage ratings like electrolytic caparstorhey are

expensive but very small, so they are used whetarge

capacitance is needed in a small

Un-polarized capacitors (small values, up t |
1uF): |

Small value capacitors arn-polarized and may be connected either

round. They are not damaged by heat when solde gam

02

except for one unusual type (polystyrene). Theyel
high voltage ratings of at least 50V, usually 2561
so. It can be difficult to find the values of th small capacitors because the

are many types of them and several different lagediystem.



1.5.4Capacitor Number Code:

A number code is often used on small capacitorsevpanting is
difficult:

g

« The 1st number is the 1st dic
« The 2nd number is the 2nd dic
- The 3rd number is the number of zeros to give #pacitance in pF

- Ignore any lettersthey just indicate tolerance and voltage rat

For example: 102 means 1000pF = 1|

1.5.4Capacitor Colour Code:
The coloursshould be read like the resistor code, the topettu@our
bands giving the value in pF. Ignore th™ band (tolerance) and 5th ba

(voltage rating).

Colour Code
Colour |Number

Black 0

Brown 1

®)

=

QD

>

«Q

(0]
N

Yellow 4

»

7
Grey 8
White 9

For example:



Brown, black, orangemeans 10000pF = 10nF = 0.01}

Note that there are no gaps between the colourdsbao 2 identical banc

actually appear as a wide bal
For example:
Wide red, yellow means 220nF = 0.22p

1.5.5 Capacitor connections

Parallel connection:
Capacitors in aparalle configuration each have the sanpotentia
difference (voltage)The reason for putting capacitors in parallel igricrease

the total amount of charge stored. In other womisieasing the capacitance '

also increase the amount of energy that ca e
stored.

The total capacitanc€g,) is given by TC‘I —fﬂ [Cn
'

o
Ceq:C1+CE+"'+ n

Seriesconnection:

The current through capacitors seriesstays the same, but the volte
across each capacitor can be different. The surthefpotential difference
(voltage) is equal to the total voltacThe reason for putting capacitors in se
we get less cap#ance and less charge storage than with eitlwegrealthe tota

voltage is divided between the number of capag.

I |
O ©

c1 Moo ' Cn

In parallel, the total charge stored is the sumth® charge in eac

capacitor. While in series, the charge on eachaigpas the same.

the total capacitance is given



track

1.2 Variable Resistors ,
wiper

Construction:

V ariable resistors consist of a resistance track woihnection: terminals
at both ends and a wiper which moves along the tagcyou turr
the spindle. The track may be mafrom carbon, cermets (ceramic and m:
mixture) or a coil of wire (for low resistance

Variable resistors are often called potentiomeiteitsooks and catalogue
They are specified by their maximum resistancesdinor logarithmic track, ar

their physical sizeThe standard spindle diameter is 6n

The resistance and type of track are marked on Hualy:

4K7 LIN means 4.7Q linear track
1M LOG means 1 I1Q logarithmic track.

Some variable resistors are designed to be moulteckly on thecircuit
board, but most are for mounting through a holbedrin the case containing tl

circuit with stranded wire connecting their ternig#o the circuit boarc
1.2.1 Linear (LIN) and Logarithmic (LOG) tracks:

Linear (LIN) track: means that the restance changes at a constant
as you move the wiper. This is the standard arrmegé and you should assul
this type is required if a project does not spettify type of track. Presets alwe

have linear tracks.



Logarithmic (LOG) track: means that the resistance changes slow
one end of the track and rapidly at the other sndyalfway along the track is n
half the total resistance! This arrangement is dsegtolume (loudness) contrc
because the human ear has a logarithmiponse to loudness so fine cont
(slow change) is required at low volumes and caarsatrol (rapid change) .
high volumes. It is important to connect the entishe track the correct we
round, if you find that turning the spindle increaghe volum rapidly followed

by little further change you shouldp the connections to the ends of the tr

1.2.2 Potentiometer

Variable resistors used as potentiometers |
all three terminals connected. This arrangemelgﬁ—
normally used to vary voltage, for example to &etpotentiometer Symb
switching point of a circuit with a sensor, or aah
the volume (loudness) in an amplifier circuit the
terminals at the ends of the track are connecteasad¢he power supply then t

wiper terminal will provide a voltage which can baried from zero up to tr

maximum of the supply.

1.2.3 Rheostat

This is the simplest way of ing a variable
resistor. Two terminals are used: one connectexh Aﬁi
end of the track, the other to the moveable Wigneostat Symb
Turning the spindle changes the resistance bet
the two terminals from zero up to the maxim

resistance. Rheostats are often use¢ vary current, for example to control t

brightness of a lamp or the rate at which a capacharges

1.2.4 Presets

These are miniature versions of the standard ar



resistor. They are designed to be mounted diremtly the circuit board ar
adjusted only when the circuit is built. For exaenpb set the frequency of .
alarm tone or the sensitivity of a li-sensitive circuit. A small screwdriver
similar tool is required to adjust presets. Preaetsmuch cheaper than stand
variable esistors so they are sometimes used in projectyewhestandar

variable resistor would normally be us

The Basic Common Electronic Devices.

Fixed Resistor

Specification: - The diagram shows the construction ofcarbon film

resistor:
carbon film gpirallad
away to give valug
end cap ingulating coating
metal lzad

—

ceraric rod

During manufacture, a thin film of carbon is depositedooat small
ceramic rod. The resistive coating is spiraled amagn automatic machine un
the resistance between the two ends of the rod isl@se as possible to t
correct value. Metal leads and ecaps are added; the resistor is covered wit
insulating coating and finally painted with colodreands to indicate the resis

value.

Carbon film resistors are cheap and easily avalabith values withir
+10% or £5% of their marked or 'nominal’ ue. Metal film andmetal oxide

resistors are made in a similar way, but can beenmadre accurately to withi



+2% or +1% of their nominal value. There are soniffei@nces in performanc

between these resistor types, but none which affieat use in simle circuits

Wire wound resistors are made by winding thin wire onto a wécaod.
They can be made extremely accurately for use ilmmeters, oscilloscopes ar
other measuring equipment. Some types of wire waesdtors can pass lar
currents withoti overheating and are used in power supplies ahdratigh

current circuits.

1.1.2 The Function: - Resistors limit current. In a typic

application, a resistor is connected in series @ith.ED

49 - LED conrections

raaistor []
limits current:
flat

LED !
Y cathods |-
~ shorter leg for:?@ii E;])

v

Enough current flows to make the LED light up, hot so much that th
LED is damaged. The 'box' symbol for a fixed resis$ popular in the UK an

Europe. A 'zigzag' symbol is used in America armhoi

Europe LSA Japan



Resistors are used wittransducers to make sensor subsysten.
Transducers are electronic components which comvetgy from one form int
another, where one of the forms of energy is atstr A light dependent
resistor, or LDR, is an example of ainput transducer. Changes in th
brightness othe light shining onto the surface of the LDR résulchanges in it
resistance. As will be explained later, an inpah&ducer is most often connec
along with a resistor to make a circuit callepotential divider. In this case, th
output of thepotential divider will be a voltage signal whiclfleets changes i

illumination.

Microphones and switches are input transducOutput transducers
include loudspeakers, filament lamps and [Is. Can you think of othe

examples of transducers of eache?

In other circuits, resistors are used to directenirflow to particular part
of the circuit, or may be used to determine thetag® gain of an amplifie

Resistors are used with capacitors (Chapter 4jttoduce time delay

Most electronic circits require resistors to make them work properlg
it is obviously important to find out something abahe different types c
resistor available, and to be able to choose thecoresistor value, i£2, kL2,

or M£2, for a particular applicatio

1.1.3 Types of resistor
There are two classes of resis
* Fixed resistors

* Variable resistors

They are also classified according to the matémath which they are mac
» Carbon

* Film

*  Wire wound

+ Axial lead



There are other types as well, but these are ttls¢ commor

Colour code :-

How can the value of a resistor be worked out fiitbcolours of the

bands? Each colour represents a number accordihg following schem:

Resistor -Colo -Code

Multiplier

ORANGE

0,000
00, 000

000, 000
VIOLET

9 ?.
EXAMPLE "';t dDE‘)Q”_ — ;
47 000 Ohms na Digit—

ar Multiplier —

A7k n %Tolerance — 2% - Red

5% - Gold
10% - Silver

4 Band Color Code




The first band on a resistor is interpreted as RHRST DIGIT of the
resistor value. For the resistor shown below,first band is yellow, so the fir:
digit is 4:

TOLERANCE gold

FIRET DIZIT ysllow

MULTIFLIER red

SECOND DIGIT violst

The second band gives the SECOND DIGIT. This isi@ev band,
making the second digit 7. The third band is catleel MULTIPLIER and is no
interpreted in quite the same way. The multipleistyou tow many types ¢
nougat you should write after the digits you alsehdve. A red band tells you
add 2 nougats. The value of this resistor is tleeed 7 00 ohms, that is, 47(£2
, or



25Kz dooc

4-Band Color Code | 1
[+ = A e 3 :
! i

Pl

460kG E1op

S-Band Coler Code N | : ”
—— 21
. ER B

2760 oo

&-Band Color Code |

K Multipiier

Tolerance

1stDigit  2nd Digit  3rd Digit 0.01 siver

iiu% Silver

4

H 0.1 ca

4
9

9 9

:ts% Gald

Temperature
Coetficient

Be Careful when reading 5 and 6 Band Resistc
Note: the 3rd Digit is not used when reading the 4 basikto

4.7k€2. Work through this example again to confirm thati yinderstand how
apply the colour code given by the first three Iz

The remaining band is called the TOLERANCE bands Thdicates he
percentage accuracy of the resistor value. Mo$toreafilm resistors have a g«

coloured tolerance band, indicating that the acdtesistance value is with + -

5% of the nominal value. Other tolerance coloues

When you want to read off a retor value, look for the tolerance band, usu
gold, and hold the resistor with the tolerance banits right hand end. Readi

resistor values quickly and accurately isn't difficbut it does take practic For

example



The resistor has brown (1)lack (0), red (2 zeros) and silver boi& it value is

10002 = 1kQ

Res] ' ies and parallel :-

Resistors

In aseriescircuit, the current flowing is the same at allmgsi The circui

diagram shows two resistors connected in serids avk V battery:

5 mé
2y k1
1 1kC2
Gy -
2y k2
k0

Resistorsin series
It doesn't matter where in the circuit the currentmeasured; the resi

will be the same. Thital resistance is given |

p: s 1 = p‘l + pﬂ
< potal <l LA

In this circuit, Ro=1+1=2k£2. What will be the current flowing? TI

formula is:

b
1
|

Substituting:



6

=
2kE2

=3mA

Notice that the current value is in mA when theistes value is
substituted k€2 .The same current, mA, flows througheach of the twi

resistors. What is the voltage across R1? The flarmst
V=T

Substituting:
=3mA X1kQ =3V

What will be the voltage across R2? This will atso? V. It is important
to point out that the sum of the voltages acrosstwo resistors is equal to t

power supply voltage.

The next circuit shows two resistors connectedparallel to a 6 V
battery:

Gy

Resistorsin parallel

Parallel circuits always provide alternative patiigvéor current flow. The

total resistance is calculated fr¢



This is called theproduct over sum formula and works for anytwo

resistors in parallel. An alternative formule

1 1 1

Fiotal M1 72

This formula can be extended to work for more tiao resistors ir
parallel, but lends itself less easily to mentathametic. Both formulae ar

correct.

What is the total resistance in this circ

|

How does this current compare with the currenttiier series circuit? It
more. This is sensible. Connecting resistors inalper provides alternativ
pathways and mas it easier for current to flow. How much currdiows
through each resistor? Because they have equadsaloe current divides, wi
6 mA flowing through R1, and mA through R2.

To complete the picture, the voltage across Rlbeacalculated a

V=/R=6mAX1kR2=6V



This is the same as the power supply voltage. Theetod of R1 it
connected to the positive terminal of the battergile the bottom end of R1
connected to the negative terminal of the batté/ith no other components
the way, it follows that theoltage across Rinust be 6V. What is the voltag

across R2? By the same reasoning, this is ¢ V.
Here is a slightly more complex circuit, with ba@ries and parallel pat
Circuit with series and parallél resistors +mé,

To find the overall resistanc the first
step is to calculate the resistance of the par "
elements. You already know that the combi

resistance of two 1kE2resistors in parallel i

0.5k£2, so the total resistance in the circui

1+0.5=1.5£2. The power supply current

This is thecurrent which flows through R1. How much currentl Wow
through R2? Since there are two equally easy pathwi mA will flow through
R2, and 2 mA through R3.

The voltage across R1 is given

V=MR=4mAX1kQ=4V

This leaves &/ across R2 and R3, as confirmed by calculation for Rz
V=R=2mAX1kQ=2V

Again, the sum of the voltages around the circsliequal to the powe

supply voltage.



Check through this section carefully. A clear umstiending of the

concepts involved will help tremendout
Power rating

When current flowsthrough a resistance, electrical energy is congle
into heat. This is obvious in an electric torch véhéhe lamp filament heats |
and glows white hotAlthough the result may be less evident or impetibép
exactly the same process of energy conon goes on when current flov

throughany electronic componer

The power output of a 517 lamp, resistor, or othe
component, is defined as t ¢ ~ ¥+ rate of change of electric
energy to heat, light, or son other form of energy. Power

measured invatts, W, or mill watts, mW, and can be calculated from:
WhereP is power.

What is the power output of a resistor when theéagd across it is V,

and the current flowing through it is 1mA?
F=Fl=6X100mA =600mW = 0.6 W

0.6W of heat are generated in this resistor. To prewserheating it
must be possible for heat to be lost,dissipated to the surroundings at tl

same rate.

A resistor's ability to lose heat depends to adagtent upon its surface area. A sr
resistor with a limited surface area cannot digsifalose) heaquickly and is likely tc

overheat if large currents are passed. Largertoesidissipate heat more effectivi

Look at the diagram below which shows resistordifiérent sizes



Aluminium fine

FULL-WAVE RECTIFIER

It is possible to rectify both alternations oe input voltage by using tw

diodes in the circuit arrangement as shown in(fig

D1
. b
E P
D1l i i
£.3VI/P © +
H_ Vout
EL
R Dz -
Tl

[ma
|
I}

Figure(1).full-wave rectifier

Assume 6.3 V rms (18 V-p) is applied to the circuit. Assume further t

two equal valued series connected resistor R aeeglinparallel with the AC

source. The 18 V p-appears across the two resistors connected hefpets
AC and CB, and point C is the electrical midpoiatieen A and E



Hence, 9 V pp appears across each resistor. At any moment gila

cycle of Van if pointA is positive relative to C, point B is negativdate/e to C.
when A is negative relative to C, point B is pogtirelative to C. the effectiv
voltage in proper time phase which each diode asvshn fig.(2).the voltag

applied to the anode of eaciode is equal but opposite in polarity at any gi
instant.

Sine wave

Hulf-wave rectified

LN ", L, % r 5
%, - TR
' o

Full-wave rectified

Figure (2).

When A is positive relative to C, the anode ¢ is positive with respec
to its cathode. Hence, ;Dwill conduct, but B will not conduct. During thi
second alternation, B is positive relative to Ce thnode of |, is therefore

positive with respect to its cathode an, conducts while Ris cut off.

There is conduction then by eithe; or D2 during the entire input voltas
cycle.



Since the two diodes have a common cathode loastoefL, the output

voltage across Rwill result from the alternate conduction of @Bnd D,. The

output waveform ¥yt across Rin fig. therefore has no gaps as in the case of
the half-wave rectifier.

The output of a full-wave rectifier is also puls@fidirect current in the

diagram of figure (1) the two equal resistors Roasrthe input voltage are

necessary to provide a voltage center referenaa Circuit connection and zero

reference. Not that the load resistar R connected from the cathodes to this

center reference point C.

TRANSFORMER-FED FULL-WAVE RECTIFIER

The voltage drop across R, when its respective edisd conducting,

subtracts from the voltage out and reduces theubuwtgtage.

ﬂuﬂi E|%

Figure (3).transformer-fed full-wave voltage reietif

The anodes of rectifier diodes;and B are fed by the secondary
voltages. Since C is the center tap, each dioddeaneceives V rms. the load
resistor RL is connected from the junction of ta¢hodes of Dand B, point D,

to the center tap on the secondary winding, poirth€ output voltage appears
across RL. When the power is applied to the printdry1l, D, and Dy operate as

a full-wave rectifier. Each diode “sees” only htilé voltage appearing across the

secondary and each diode conducts alternately.



D, acts as a half-wave rectifier,,[@2cts as a half-wave rectifier. Power

rectifiers D and B are rated for the current they must deliver tareud and for
the peak forward and peak inverse voltages, theyaathnstand.

Other advantage which a transformer power suppdydvar a transformer

less circuit is that the output voltage Out of ansformer-fed supply is line-

isolated, since there is no direct connection betwie primary (line) winding

and the secondary winding.

Compare between half wave rectifier and full waeetifier

A half wave rectifier, only one alternation of the A@veform is applied to the

load. When two rectifier diode are used we havevialve rectification. Here the two
alternations of the input sine wave are proceskecthately by diodes DyngDs.

The rectified output of a half wave rectifier appeas unidirectional current

pulses. The rectified output of a full wave reetifalso appears as unidirectional current

pulsesbut here we have two pulses fevery sine wave of input. The rectifiers have

transformed the AC waveform into pulsating DC.

Half-Wave Rectifier

The circuit we used in part 1 of
E the lab can be used as part of a
g i Ricu power supply. Remember the
small voltage drop.

X<

Thus 15 the symbol for atransformer,

which 13 two coils coupled by an
alternating magnetic feld Itis
commonly used to change AC
voltage, end remove the ground

reference

Figure (4a).



Full-Wave Bridge Rectifier(3)

Figure (4b).

1.2 Week5

1.3 Objective: Understanding Basic measuring Equipment

1.4



Basic Electrical Quantities Measuring Equipment

It is necessary knowing how to measure voltageeat, and resistance. Special
types of instruments are used to measure these bksitrical quantities. The
instrument used to measure voltages igoimeter, the instrument used to
measure current isammeter, andthe instrument used to measure resistance is a
ohmmeter.
Commonly, all three instruments are combined ingingle instrumensuch as a
multimeter or AVO meter ( Ampere- Volt-Ohmmeter), in which you can
choose what specific quantity to measure by selgdtie switch setting.
Figure (1) shows typical portable multimeters tgaj from figure shows analog
multimeter with pointer, and part (b) shows a d@gimultimeter with digital

screen.

(a) Analog multimeter (b) Digital multimeter

1.5 3.2.4 Calculating Current



In this section, you will learn to determine tharent values when you
known the values of voltage and resistance. As glesnby using the following
formulal = V/R . In order to get current in amperes, you must expties value

of voltage in volt and the value of resistancehms.

Example 3-2
If the resistance in figure 3-7 is change.1 KQ and the voltage t’fﬂv
50V, what is the new value of curre
Solution: 3 7?
= Vv V =500 volts
B R R =0.1 K
=0.1 X 100
| = 20 = 0.25A =
=100 = ) =100Q
| =7 I
Solution: use the formula
V = 100 volts
= vV
- R R =10Q
_ 10 _ =7
| = 10 =1A I

1.6
1.7 3.2.5 Calculating voltage



In this section, you will learn to determine thaltage values when you
known the values of voltage and current. As exampby using the following
formula V =I R.

In order to get voltage in volts, you must exprées value of current in
amperes and the value of resistance in ohms.

I Example 3-3
In the circuit in figure (3-8)pWw much voltage is needed tp
produced 6A of current ?
-
+ ( =6 A
- R
. N 2000
Figure (3-8)
Solution:  use the formula V=1R
="
V=IR V=s
V=6X200 = 1200V R = 2000
If required voltage by kVolts '=6A I
I Example 3-4

1%

The circuit in figure 3-8, the currentisanged to 30 mA, and th
resistance is changed to 3.2 Kwhat is the voltage
Solution:

V=7 V=IR
R=34K

\= 300X DD% 1WA
I = 30 mA

=30+ 1000=0.03 A I




1.8 3.2.6 Calculating Resistance

In this section, you will learn to determine tlesistance values when you

known the values of voltage and current. As examply/ using the following

formulaR = V/I

In order to get resistance by ohms, you must esptiee value of voltage in

volts and the value of current in amperes.

I Example 3-5
In the circuit in figure (3-9), how much resiste is needed to draw 4mA pf
current ?
( >
+ | = 6A
\Y J— R
24\ - {
Figure (3-9)
_ F24v
Solution:
R =
use the formula R=V /|
| F 6A
\%
R=—-
I
A R = =
6




I Example 3-6
The circuit in figure (3-9), the voltage thanged to 1.2 & and the
current

is changef tg/4mA, pjat is the resistanc
= 1.2 X 1000 Solution:

use the formula R=M/1 - 1200V
\V} 1200 2
| 4x1000 R=7
R = IS 4mA 3;000,00Q2 }tric

If required Resistance by !
“SELNE range or the desired quantty 10 be meeas € nignest value.

2.Connect the leads to the right terminals at teéem
3.Switch on the circuit if necessary.
4.Adjust the range until you get clear readings.
5.Apply the following formula to obtain the measdiguantity.
Range
Full — Scale

For example, referring to figure (3),the readingsv8.5 from a full-scale value of

Reading x

5V, as shown in the small box.The range was sEBDV.So the measured

voltage is

3.5><3—go =210



inter 5] Reading =35
Pointe S g

Range

E

2] pcvoLT| ‘300

Figure(3): Multimeter

2.1.2 Measuring the Voltage

Voltage can be considered as the pressure thag fibwe electrons to flow. The
voltage is being measured by measuring the difterdretween the voltages at the

two terminals of the device-under-test which is {heltage drop). This can be

performed using a measuring instrument called vetiém

Figure (1) illustrates how to connect voltmetetha circuit to measure the

voltage across the resistor.



Figure (1) Example of a voltmeter connection

Procedure
1. Adjust the range of the meter
Connect the leads in the true terminals of the mete
3. Apply the other ends of the leads to the resisholeu test
4. Record the reading and apply the formBleading x__range
full —scale

1.9 3.1 Ohm's law

s law is the most important mathematical relatigndbetween voltage;Ohm

current and resistance in electricity.

V=IXR

It is important to know how to read the resistodbour code and hence its ohmic value. In
the following figure it shows a table of the meanwf each colour. For example, for the
resistor in the figure(l),the value of the resis®r200K2,since the band 1 is red i.e.
equivalent to 2 in the table ,band 2 is black eg@nt to zero in the table and the band 3 is
yellow indicating of a multiplier of 10,000.seethé bottom of the figure.



The fourth band is the tolerance band i.e the pgage of error. It usually comes in two
colors ,the silver indicates +5% and the gold iaths £10%.so for example, the value
resistor will lie between 21@kand 190K2.

Procedure

Select a number of different resistors
Use the table below to determine their values

Use ohmmeter to measure the same resistors yaedgut

R A

Compare your calculated values with the readingsofmained

3.1.1 Resistors color code:

Band2:Figure 2
Band 1:Figure 1 l

N\

Tolerance

/

Multiplier

First figure| Second o
Colou value |[figure value| Multiplier
Black 0 0 X1
Brown 1 1 X10
2 2 X100
Orange 3 3 X1000
Yellow 4 4 X10,000
Green 5 5 X100,000
Blue 6 6 X1,000,000
Violet 7 7 X10,000,000
Grey 8 8 X100,000,000
White 9 9 X1,000,000,000

H
an TR

0 X10,000=200K

Figurel:Resistors colour code



Week 6
1.100bjective: understanding Basic measuring Equipment

2.1.3 Measuring Current with Ammeter

It is well known that current in the circuit is nsemed by ammeter, to

measure the current , the circuit must be opertl@dmmeter is connectedseries

the circuit.
Procedure
1. Connect the simple circuit shown in the figure belo
2. Open the circuit between the source and the resisto
3. Connect the ammeter terminals to one end of thstoesnd to the source
4. Switch on the power supply and record the reading.
5. Apply the formulaReading x fullelnchIe if necessary

Note:
If the meter did not give any movement or tried to move backward, then switch the

terminal leads with each other



Figure(1) illustrates how to connect ammeter indineuit and measure the current.

b MNnan tha ctvonnit hatuvrann tha wagigtar and tha nagitiva favminal
Upcu LT LIITLUIL UTLYWOUILL LU 10D DWI alu uiv PUBlllVC wcruinal
of battery.
+ A =

(c) Install the ammeter in the current pass with polarity as shown
(negative to negative, positive to positive)

Figure 1. Example of an ammeter connection

2.1.4 Measuring Resistance with Ohmmeter



To measure resistance, connect the ohmmeter atmsssistor. The resistor

must first removed from the circuit. This procedigshown in figure(2).

1 °
+
R
> @ || .
+]|'=
Figure (2) Example of using ohmmeter
Procedure
1. Adjust the meter so that when the two terminalsshi@t circuited, the
ohmmeter reads zero
2. Disconnect the resistor to be measured from thoaicifwhy?)
3. Apply the meter leads to the resistor terminalsi¢ter is parallel to the meter)

ange

4. Record the reading and apply the formReading x —————
full —scale

if necessary



Week7
Objective Understanding integrated circuit and terminologies

Integrated circuit

Another name for &hip, an integrated circuit (IC) is a small electrod&vicemade out of
a semiconductomaterial. The first integrated circuit was deged
in the 1950s by Jack Kilby dfexas Instrumentand Robert Noyce

of Fairchild Semiconductor

OR

Anintegrated circuit (IC) is a thin chip consisting of a
least two interconnecteskmiconductor devicesnainly transistors
as well aspassive componentike resistors As of 2004 typical
chips are of size Icn’ or smaller, and contain millions o
interconnected devices, but larger ones exist dls Mis categorized
to two group’ digital and linear ICs’

Memory ROM-BIOS 1.10.1

The ROM-BIOS (Read Only Memory - Basic Input OutBystem) chip is a special

chip held on your computer's system (mother) bdabntains software that is

required to make your computer work with your ofiagasystem, for instance it is

responsible for copying your operating system Ré&M when you switch on your
computer.

.

o

1
What is inside the IC?

Miniaturized electronic circuit produced on a sanglrystal, or chip, of a semiconducting
material — usually silicon. It may contain many llaits of components and yet measure
only 5 mm/0.2 in square and 1 mm/0.04 in thick. Thes encapsulated within a plastic or
ceramic case, and linked via gold wires to metak
with which it is connected to printed circuit boar
ani®" L Ke up such elex

Silicon Chip



Integrated circuits are used for a variety of desjancludingmicroprocesso, audio and
video equipment, and automobiles. Integrated discaiie often classified by the numbel
transistorsaand other electronic components they cont

SSI (smallscale integration) Up to 100 electronic components |
chip.

MSI (medium-scale integration) From 100 to 3,000 electron
components per ct.

LSI (large-scale integration) From 3,000 to 100D electronic
componentger chi.

VLSI (very large-scale integration) From 100,000 to 1,000,0(
electronic components per c.

ULSI (ultra large-scale integration) More than 1 million electroni
components per ch

|IC package:

Chips come in a variety of packages. The three
common are:
DIPs: Dual inline packages are the traditior
buglike chips that have anywhere from 8 to 40 |
evenly divided in two rows
PGAs: Pin-grid arrays are square chips
which thepinsare arranged in concentl
squares.
SIPs: Single inline packages are chips that hi
just one row of legs in a straight line like a col

In addition to thesaypes of chips, there are al
single infine memory module (SIMMS), which consist of up to nine chips packageds

single unit.

Inside Logic Gates



| have received a number of requests, asking justt\goes on inside logic

gates to actually perform logic functions. So, lmpwlar demand, here are the

internal schematics of various gates, as implengehieseveral different logic
families.

| won't cover the internal operation of individusgmiconductor devices in
these pages, except to state the basic behavrgofen device under specific
conditions. More detailed coverage of semicondugtbysics and internal

behavior is a job for another set of pages, whidhoeome later.

There are several different families of logic gat&ach family has its
capabilities and limitations, its advantages arghdivantages. The following list
describes the main logic families and their chamastics. You can follow the

links to see the circuit construction of gatesadttrefamily.

Diode Logic (DL)

Diode logic gates use diodes to perform AND and IB&c functions.
Diodes have the property of easily passing an mdattcurrent in one

direction, but not the other. Thus, diodes caraad logical switch.

Diode logic gates are very simple and inexpensmaed can be used

effectively in specific situations. However, thegnoiot be used extensively, as

they tend to degrade digital signals rapidly. ldliidn, they cannot perform a
NOT function, so their usefulness is quite limited.

ResistorTransistor Logic (RTL)

Resistor-transistor logic gates use Transistorsaimbine multiple input

signals, which also amplify and invert the resgtocombined signal. Often an



additional transistor is included to re-invert thmutput signal. This
combination provides clean output signals and eitin@ersion or non-

inversion as needed.

RTL gates are almost as simple as DL gates, andineimexpensive. They
also are handy because both normal and invertedlsigre often available.
However, they do draw a significant amount of carfeom the power supply
for each gate. Another limitation is that RTL gatasnot switch at the high
speeds used by today's computers, although thegtdéireiseful in slower

applications.

Although they are not designed for linear operati®TL integrated
circuits are sometimes used as inexpensive sngalbkiamplifiers, or as

interface devices between linear and digital ctecui

Diode-Transistor Logic (DTL)

By letting diodes perform the logical AND or OR fuion and then
amplifying the result with a transistor, we canidveome of the limitations of
RTL. DTL takes diode logic gates and adds a tréamste the output, in order

to provide logic inversion and to restore the sigodull logic levels.

Transistor-Transistor Logic (TTL)

The physical construction of integrated circuitsdemat more effective to
replace all the input diodes in a DTL gate witliansistor, built with multiple
emitters. The result is transistor-transistor lpgutich became the standard

logic circuit in most applications for a numberyefars.



As the state of the art improved, TTL integratectwis were adapted
slightly to handle a wider range of requirementst their basic functions

remained the same. These devices comprise thefZa0 of digital ICs.

Emitter -Coupled Logic (ECL)

Also known as Current Mode Logic (CML), ECL gata® apecifically
designed to operate at extremely high speeds, byliag the "lag" inherent
when transistors are allowed to become saturatedalgse of this, however,

these gates demand substantial amounts of eldctigaent to operate

correctly.

CMOS Logic

CMOS Logic

One factor is common to all of the logic familieg Wwave listed above:

they use significant amounts of electrical powerany applications,
especially portable, battery-powered ones, reqgihat the use of power be
absolutely minimized. To accomplish this, the CM@Somplementary
Metal-Oxide-Semiconductor) logic family was deveddp This family uses
enhancement-mode MOSFETs as its transistors, amso designed that it

requires almost no current to operate.



CMOS gates are, however, severely limited in tepged of operation.
Nevertheless, they are highly useful and effecitiva wide range of battery-

powered applications.

Most logic families share a common characteridfi@ir inputs require a
certain amount of current in order to operate @ilye CMOS gates work a bit
differently, but still represent a capacitance tmaist be charged or discharged
when the input changes state. The current requoedrive any input must
come from the output supplying the logic signalefiiore, we need to know
how much current an input requires, and how muchieati an output can
reliably supply, in order to determine how manyutgpmay be connected to a

single output.

However, making such calculations can be tediond,cn bog down logic
circuit design. Therefore, we use a different tegh@. Rather than working
constantly with actual currents, we determine tim®want of current required to
drive one standard input, and designate that aaralard load on any output.
Now we can define the number of standard loadvengoutput can drive, and
identify it that way. Unfortunately, some inputs &pecialized circuits require
more than the usual input current, and some g&eswn asbuffers, are
deliberately designed to be able to drive more tmghan usual. For an easy
way to define input current requirements and oufpiive capabilities, we

define two new terms:
Fan-in

The number of standard loads drawn by an input neure reliable

operation. Most inputs have a fan-in of 1.



Fan-out

The number of standard loads that can be reliablyed by an outpuf

without causing the output voltage to shift ouits legal range of value

Remember, fam and farout apply directly only within a given log
family. If for any reason you need to interfaceviegn two different logi
families, be careful to note and meet the drivauiregnents and limitations «

both families, within the interface circuit

CMOS logic is a newer technology, based on the afseomplementar

MOS transistors to perform logic functions with akh no current require
This makes these gates very useful in ba-powered applications. he fact
that they will work with supply voltages as low asvolts and as high as .

volts is also very helpft

+V

g
Aot to Y=A
1

CMOS gates are all based on the fundamental inventeuit shown to thi

left. Note that transistors are enhancer-mode MOSFETS; oniN-channel
with its source grounded, and on-channel with its source connected to -
Their gates are connected together to form thetjnpod their drains ai

connected together to form the out



The two MOSFETSs are designed to have matching ctaistics. Thus, the
are complementary to each other. When off, thesistance is effectivel
infinite; when on, their channel resistance is ab?@(q. Since the gate
essentially an open circuit it draws no current #mel output voltage will b
equalto either ground or to the power supply voltagepesheling on whicl

transistor is conductin

When input A is grounded (lo¢ 0), the Nehannel MOSFET is unbiase
and therefore has no channel enhanced within .itkel§ an open circuit, ar
therefore laves the output line disconnected from ground.h&t $ame time
the Pehannel MOSFET is forward biased, so it has a chla@nhanced withil
itself. This channel has a resistance of aboutz, connecting the output line
the +V supply. This pulls the guut up to +V (logi 1).

When input A is at +V (log 1), the Pehannel MOSFET is off and the-
channel MOSFET is on, thus pulling the output ddwground (logi 0). Thus,
this circuit correctly performs logic inversion,dat the same time provid

acive pull-up and puldown, according to the output st

+V/




This concept can be expanded into NOR and NANDc&iras by combinin
inverters in a partially series, partially paragiucture. The circuit to the rig

Is a practical example of a CMOS Zut NOR gate

In this circuit, if both inputs are low, both-channel MOSFETs will b
turned on, thus providing a connection to +V. Bbi-channel MOSFETs wi
be off, so there will be no ground connection. Heere if either input goe
high, that P-chanmeMOSFET will turn off and disconnect the outpubrn +V,
while that Nehannel MOSFET will turn on, thus grounding thepui.
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The structure can be inverted, as shown to theHiefte we have a tv-input
NAND gate, where a log 0 at either input wilforce the output to log 1, but

it takes both inputs at lo¢ 1 to allow the output to go to loc 0.

This structure is less limited than the bipolarieglent would be, but thel

are still some practical limits. One of these is ttombined resistancof the
MOSFETSs in series. As a result, CMOS totem polesrat made more the
four inputs high. Gates with more than four inpat® built as cascadir

structures rather than single structures. Howeterlogic is still valid



Even with this limit, thetotem pole structure still causes some problen
certain applications. The p-up and pulldown resistances at the output
never the same, and can change significantly asthas change state, ever
the output does not change logic states. ‘esult is uneven and unpredicta
rise and fall times for the output signal. Thiskgdem was addressed, and v
solved with the buffered, or Beries CMOS gate

Ly Ty
_

g
o vY=AB
gL

The technique here is to follow the actual NAND egyatith a pair o

inverters. Thus, theutput will always be driven by a single transiswther -
channel or Nehannel. Since they are as closely matched aship@stie outpu
resistance of the gate will always be the same,sagithl behavior is therefo

more predictabl

One of the maimproblems with CMOS gates is their speed. They ciB
operate very quickly, because of their inherentuinpapacitance. -series
devices help to overcome these limitations to saweent, by providing
uniform output current, and by switching outputtad more rapidly, even if th
input signals are changing more slo\



Note that we have not gone into all of the detail€MOS gate constructic

here. For example, to avoid damage caused by stdictricity, different
manufacturers developed a numbernput protection circuits, to prevent ing
voltages from becoming too high. However, theseqgat@mn circuits do nc

affect the logical behavior of the gates, so we mok go into the details he

CGNTHGLO—DO—

IF]
INFOUT © o> OUT/IN

L+l

|

One type of gate, shown to the left, is uniguuCMOS technology. This i

the bilateral switch, or transmission gate. It makes full use of the fact that t
individual FETs in a CMOS IC are constructed tosgenmetrical. That is, th
drain and source connections to any individualdistor can be intehanged
without affecting the performance of either thensiator itself or the circuit as

whole.

When the N- and B¢pe FETs are connected as shown here and theis

are driven from complementary control signals, bo#msistors will be turne
on or off together, rather than alternately. Ifytla@e both off, the signal path
essentially an opedircuit — there is no connection between input and ou



If they are both on, there is a very low-resistacmenection between input and

output, and a signal will be passed through.



Transistor -Transistor Logic

Objective; Understandingntegrated circuit and terminolog

Week8

What is truly interesting about this structure satt the signal bein
controlled in this manner does not have to be #alligignal. As long as th

signal voltage does not exceed the power supphages even an analog sign
can be controlled by this type of g:
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With the rapid development of integrated circultSs), new problems wel
encountered and new solutions were developed. Otine @roblems with DTI
circuits was that it takes as much room on the IC chip to tanosa diode as
does to construct a transistor. Since "real estatexceedingly important i
ICs, it was desirable to find a way to avoid reopgrlarge numbers of inpi
diodes. But what could besed to replace many diod



Well, looking at the DTL NAND gate to the right, weight note that th
opposed diodes look pretty much like the two jumtdiof a transistor. In fact,
we were to have an inverter, it would have a singpat diode, and wijust

might be able to replace the two opposed diodels ant NPN transistor to ¢

the same job.

In fact, this works quite nicely. The figure to theft shows the resultin

inverter.

In addition, we can add multiple emitters to th@un transistor withut

greatly increasing the amount of space needed @rchip. This allows us i
construct a multiplenput gate in almost the same space as an invértex
resulting savings in real estate translates to gnifggant savings i

manufacturing costs, whicin turn reduces the cost to the end user of

device.
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One problem shared by all logic gates with a sirmylgut transistor and
pull-up collector resistor is switching speed. The tistos actively pulls the
output down to logic 0, but the resisis not active in pulling the output up
logic 1. Due to inevitable factors such as circedpacitances and
characteristic of bipolar transistors called "cleastprage,” it will take a certa
amount of time for the transistor to turn compheteff and the output to raise

logic 1 level. This limits the frequency at whidtetgate can opera

The designers of commercial TTL IC gates reduceat groblem by

modifying the output circuit. The result was thet&m pole" output circuit use
in most of the 7400/5400 series TTL ICs. The final circuit disea most
standard commercial TTL ICs is shown to the ridtite number of inputs me
vary —a commercial IC package might have six inverteyar £-input gates,
three 3mput gates, or two-input gates. An 8aput gate in one package is a

available. But in each case, the circuit structeraains the sarn
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Week 9
To Understand:
preventive Mainteance

Need for Preventive Maintenance

For most end-users, the purchase of a PC is aasuladtinvestment of both time and
money. For corporations and organizations with hedsl (even thousands) of PCs, this
investment is that much higher. But after the masegpent and the PC is in our home or
office, few PC users ever take the time to maintiagir PC. Routine maintenance is an
important part of PC ownership, and can go a loayg teward keeping your computer’s
hardware and software error-free. Proper routinet@aance can also help to avoid
costly visits to the repair shop (U.S. $50 to $60M). Businesses can save a substantial
amount of money by assigning technicians to perfiiggular maintenance. If you're in
business for yourself, offering “preventive mairgeoe” services as part of a normal re-
pair
or as seasonal “specials” can provide you withdded income stream. This chapter
provides you with a comprehensive, step-by-stepguare for protecting and maintain-ing
a personal computer investment.
It's interesting that the data recorded on our catepis often far more valuable than the
actual cost of a new drive. But if the drive fatlsat precious data is usually lost along
with the hardware. Months (perhaps years) of recardi data could be irretrievably lost.
One of the first steps in any routine maintenarlaa [ to make regular backups of the
system’s contents—as well as the system’s configquraBackups ensure that you can re-
cover
from any hardware glitch, accidental file erasworeyirus attack.

STEP 1: FILE BACKUPS
File backups are important for all types of PC ds@mn major corporations to occasional
home users. By creating a “copy” of your systemsfi{or even just a part of them), you
can restore the copy and continue working in thenewef a disaster. Before you proceed
with any type of system checks, consider perfornairiide backup (see Chapter 52 for
more detailed information on backups).

What you need

You're going to need two items to backup your fil@sbackup drive”
and backup software. The actual choice of backiye d@s really quite open. Tape drives,
such as the lomega Ditto driflettp://www.iomega.can) or the MicroSolutions 8000t
8GB “Backpack” drive(http://www.micro-solutions.com), are the traditional choice, but
other high-volume removable media drives, sucloaseba’s 100MB Zip drive, their 1GB
Jaz drive, or the SyQuest 1.5GB SyJet d(htgp://www.syquest.can) are very popular.
You might choose an internal or external versioa dfive, but you might consider an ex-
ternal



parallel-port drive because it is portable—it canshared between any PCs.
You'll also need some backup software to formattteslia, and handle your backup and
restore operations. If you're using Windows 95,ttrg native Backup applet (click on

Sart, Programs, Accessories, System tools, andBackup).
If Backup doesn't suit your needs (or doesn’t suppour choice for a backup drive),
many drives ship with a backup
utility on diskette. Just be sure that the backuyedand backup software are compatible
with one another.
Types of backups Backups generally fall into twtiegaries: incremental and com-plete.
Both types of backups offer unique advantages #&atldantages. An incremental
backup only records the “differences” from the laatkup. This usually results in a faster
backup procedure and uses less tape (or other )nbdiaestores take longer because you
need to walk through each “increment” in order.ofnplete backup records the drive’s
full contents. This takes much longer and uses$ m@ome media, but restores are easier.
Many PC users use a combination of complete anénmental backups. For example,
you might start with a complete backup on Januathdn make incremental backups each
week until the end of February. By March 1, you'dka another complete backup, and
start the incremental backup process again.
Backup frequency Perhaps the most overlooked isgthebackups is the fre-quency—
how often should backups be performed? The answibiat question is not al-ways
simple because everyone’s needs are different. Mdajporations with busy
order-entry systems might backup several times daghbut individual home users might
not even consider backups to be necessary. Thaasththat | use is this: Can you afford
to lose the data on this drive? If the answer g™it’s time to back up. Table 59-1 sum-
marizes
the recommended periods for preventive maintenprameedures.
File backup tips Regardless of how you choose tallesfile backups, some tips will
help you get the most from your backup efforts:
n Keep the backup(s) in a secure location (suchf@s-proof safe or cabinet).
n Back up consistently—backups are useless if theyat of date.
n If time is a factor, start with a complete backilngn use incremental backups.
n Use a parallel-port tape drive (or other “backup¥el) for maximum portability be-
tween
PCs.

STEP 2: CMOS BACKUPS
All PCs use a sophisticated set of configuratidtirsgs (everything from “Date” and
“Time” to “Video Palette Snoop” and “Memory Holeijhich define how the system
should be operated. These settings are storedrimadl amount of very low-power mem-
ory,
calledCMOSRAM. Each time the PC starts, motherboard BIOS rdael€MOS
RAM and copies the contents into low system menfibry BIOS Data Area, BDA. See
Chapter 9 for more information on CMOS or Chaptésrémore details on BIOS). While



the system power is off, CMOS RAM contents are ta@ned with a small battery. If this
battery goes dead, CMOS contents can be lost. bt cases, this will prevent the system
from even starting until you reconfigure the CMQ@%up from scratch. By making a
backup of the CMOS setup, you can restore loshgstin a matter of minutes. CMOS
backups are simply printed screens of your CMOBSpspages.
What you need The one item that you'll need togrenfa CMOS backup is a
printer—it really doesn’t matter what kind of pent(e.g., dot-matrix, ink jet, or laser).
The printer should be attached to the PC’s parpbel. After starting the CMOS setup
routine, visit each page of the setup and use EmgkScreen> key to “capture” each page
to the printer. Because every BIOS is written défely, be sure to check for sub-menus
that might be buried under each main menu option.
CMOS backup tips CMOS backups are quick and sintjpleyou’ll get the most ben-efit

from a CMOS backup by following these pointers:
n Print out every CMOS setup page.
n Keep the printed pages taped to the PC’s housimgtbrthe system’s
original docu-mentation.
n You should backup the CMOS setup whenever you raaiteange to the
system’s con-figuration.
Several CMOS backup/restore tools are on the commpa&D. Try
CMOS.ZIP or
CMOSRAM2.ZIP.

Process of Fault diagnosis

Before getting into the troubleshooting detailssiimportant to know about
what goes on during the startup process. The raastmere are actually quite
a few steps that occur in between switching thegygo@N and hearing the
familiar Windows 95, 98 or Windows ME./XP startupusds and seeing the
Windows desktop. In fact, there are a whole sewésfiles that are

automatically loaded one after the other when ywn your computer on. The
trick with troubleshooting startup problems is tiyito figure out which of

those files (or what step in the process) causepegific problem in the

computer. If we know approximately where in thatsia process the problem
occurs (Computer gets stuck), we can diagnosertitdgm easily.

This chapter explains the various problems thatioat a computer and the
troubleshooting procedures.

BIOS



When your computer is first turned on, it automaticloads a program called
the BIOS, or Basic Input/Output System, which @etl on a special chip on
your computer’'s motherboard. The BIOS is essemtiallcombination of
software and hardware in that it consists of saféwaut the contents of that
software is stored in a hardware chip.

One of the first things we should see on your caewa monitor when we
start the PC is some type of message like "Hit tBsenter Setup,” although
instead of Esc it may say F2 or F10 or any numibatiter keys and instead
of Setup it may say CMOS Setup or BIOS Setup dr@MOS. Make note of
the key required to enter the Setup program becaesmay need that later
(some startup problems can only be solved by cingngome BIOS/CMOS
settings via the Setup program).

Power-On Self Test (POST)

The first thing that the BIOS does when it boots BC is to perform what is
called thePower-On Self-Test, or POST for short. The POST is a built-in
diagnostic program that checks the hardware torenthat everything is
present and functioning properly, before the BIGfgibs the actual boot. It
later continues with additional tests such as tleenory test and then it lists
any devices that it finds attached to the compsiteternal IDE controller(s).
(that is seen on the screen of the monitor) abdloe¢ process is proceeding.

The POST runs very quickly, and you will normallyteven noticed that it is
happening--unless it finds a problem. You may heweountered a PC that,
when turned on, made beeping sounds and then stopipieout booting up.

That is the POST telling you something is wronghwibhe machine. The
speaker is used because this test happens soozarlyefore the video is
activated! These beep patterns can be used to adagmany hardware
problems with the PC. The exact patterns depenth@maker of the BIOS;
the most common are Award and AMI BIOS.

BIOS Startup Screen

When the system BIOS starts up, you will see tsilfar screen display,
normally after the video adapter displays its infation. These are the
contents of a typical BIOS start up screen:



The BIOS Manufacturer and Version Number.

The BIOS Date: The date of the BIOS can be important in helpiog y
determine its capabilities.

Setup Program Key: The key or keys to press to enter the BIOS setup
program. (This is usually {Del}, sometimes {F2},dsometimes

another key combination.

System Logo:The logo of the BIOS company, or in some case® e
maker or motherboard manufacturer.

The "Energy Star" Logo: This distinctive logo is displayed if the

BIOS supports the Energy Star standard, which alalbaewer ones
do.

The BIOS Serial Number: This is normally located at the bottom of the
screen. Since BIOSes are highly customized to dénicplar motherboard,
this serial number can be used in many cases ¢éordiete the specific
motherboard and BIOS version you are using.



Week 10
This Week learning Outcome

To Understand:
preventive Mainteance on peripherals

STEP 6: CLEAN THE KEYBOARD
Keyboards are open to the environment, so dustiehds readily settle between the keys.

Over time, these accumulations can jam keys orecerpgeated keystrokes. Attach the
long, thin nozzle to your can of compressed air @swlthe air to blow through the hori-zontal
gaps between key rows. Be careful. This will kigkaulot of dust, so keep the key-board

away from your face. Afterward, use a clean clghtly dampened with ammonia
solution to remove dirt or stains from the keys &agboard housing. If any keys seem
unresponsive or “sticky,” you can remove the cqgroegling keycap (see Chapter 20) and
spray a bit of good-quality electronic contact alerainto the key assembly, then gently re-place

the keycap.
STEP 7: CLEAN THE MONITOR

Several issues are important when cleaning a monriatilation, case, and CRT. Moni-tors
rely on vent openings for proper cooling. Use yearuum cleaner and carefully re-move
any accumulations of dust and debris from the ventierneath the case, as well as
those on top of the case. Be sure that none ofdhtopenings are blocked by paper or
other objects (this can restrict ventilation anatéothe monitor to run hot).
Next, use a clean cloth, lightly dampened with amiagolution, to clean the monitor’s
plastic case. Active circuitry is directly undeettop vents, so under no circumstances
should you spray cleaner directly onto the morfimusings. Do not use ammonia or any
chemicals to clean the CRT face. The CRT is ofteatéd with anti-glare and other coat-ings,
and even mild chemicals can react with some costimgtead, use clean tap water
only to clean the CRT face. Be sure to dry the G&E completely.
STEP 8: CLEAN THE MOUSE
Like the keyboard, a mouse is particularly sustdptio dust and debris, which are carried
from the mouse pad up into the mouse ball andrsoli&hen enough foreign matter has
accumulated, you'll find that the mouse cursor ta¢ss or refuses to move completely.
Loosen the retaining ring and remove the mouse G&hn the mouse ball using a clean
cloth and an ammonia solution. Dry the mouse baltdughly and set it aside with the re-taining
ring. Next, locate three rollers inside the mouwse ‘X" roller, a “Y” roller, and a
small “pressure” roller, as shown Chapter 25). bstean cloth, dampened with ammo-nia
solution, to clean all of the rollers completelyséJlyour can of compressed air to blow
Do not remove the <Enter> key or <Space Bar>. These keys are held in place by metal
brackets that are extremely difficult to re-attach once the key is removed. Only the most

experienced technicians should work with these keys.

External Check

Now that the system is clean, it's time to perfatiew practical checks of the system in-terconpesti
and take care of some basic drive maintenance eGatbmall regular
screwdriver (i.e., a “jewler’s” screwdriver), alomgth a commercial floppy-drive clean-ing
kit. If your system uses a tape drive, arrangestceha tape-drive cleaning kit also. If
you cannot locate the appropriate cleaning kits, gan use isopropyl alcohol and long
electronics-grade swabs. A hand-held degaussihgsa@icommended, but might not be

necessary. For this part of the chapter, you'lldneepower up the PC.
These checks should be performed every four mdtithse times per year) or as re-quired.



If the PC is operating in dusty, industrial, oretladverse environments, you

might need to check the system more frequentlyte®ys operating in clean office envi-ronments
might only need to be checked once or twice eaah.ye

STEP 9: CHECK EXTERNAL CABLES
A myriad of external cables interconnect the coraptd its peripheral devices. You

should examine each cable and verify that it isigeyg connected. If the cable can be se-cured

to its connector with screws, be sure that theecabsecured properly. As a mini-mum,
check for the following cables:

= Ac power cable for the PC
= Ac power cable for the monitor
= Ac power cable for the printer
= Ac/dc power pack for an external modem (if used)
=  Keyboard cable
= Mouse cable
= Joystick cable (if used)
® Video cable to the monitor
m Speaker cable(s) from the sound board
= Microphone cable to the sound board (if used)
= Serial port cable to external modem (if used)
m Parallel-port cable to printer
= RJ11 telephone-line cable to internal or externadlem (if used)
STEP 10: CLEAN THE FLOPPY DRIVE
In spite of their age, floppy disks remain a reiaéind highly standardized media, and
every new PC sold today still carries a 3.5" 1.44\tppy drive. However, floppy disks
are a “contact” media—the read/write heads of khyeply drive actually contact the floppy
disk. This contact transfers some of the magnetiges from the floppy disk to the

3



Week11
ObjeCtiveSZUnderstanding Diagnostics in Corrective Maintenance

Trouble shooting the process of searching for fiauttrder to correct it. It could be
Hardware or software troubleshooting the followisghe procedure in locating fault:

The Universal Troubleshooting Process

Regardless of how complex your particular compatgeripheral device might be, a de-

pendable
troubleshooting procedure can be broken down o basic steps (Fig. 4-1):

define your symptoms, identify and isolate the pb& source (or location) of your prob-

lem,
replace the suspected sub-assembly, and re-teghithtnoroughly to be sure that you
have solved the problem. If you have not solvedptioblem, start again from Step #1.
This is a “universal” procedure that you can agplany sort of troubleshooting—not just

for personal computer equipment.

DEFINE YOUR SYMPTOMS
When a PC breaks down, the cause might be as sas@doose wire or connector, or as
com-plicated

as an IC or sub-assembly failure. Before you opair yool box, you must have a
firm understanding of all the symptoms. Think abita symptoms carefully—for

example:
Is the disk or tape inserted properly?

Is the power or activity LED lit?
Does this problem occur only when the computeapgpéd or moved?

By recognizing and understanding your symptomsiit be much easier to trace a prob-
lem
to the appropriate assembly or component. Takérteeto write down as many
symptoms as you can. This note-taking might seeious now, but once you have be-gun
your repair, a written record of symptoms and cimstances will help to keep you fo-cused

on the task at hand. It will also help to jog yaugmory if you must explain the
symptoms to someone else at a later date. As ag®iohal troubleshooter, you must of-ten

log problems or otherwise document your activisagway.

IDENTIFY AND ISOLATE
Before you try to isolate a problem within a pieéeomputer hardware, you must first be

sure that the equipment itself is causing the gmblin many circumstances, this will be
fairly obvious, but some situations might appeabuous (i.e., there is no power, no
DOS prompt, etc.). Always remember that a PC wbdaause of an intimate mingling of
hardware and software. A faulty or improperly cgnfied piece of software can cause
confusing system errors. Chapter 3 touched on sirtiee problems that operating sys-

tems
can encounter.



When you are confident that the failure lies intysystem’s hardware, you can begin to
identify possible problem areas. Because this limolesigned to deal with sub-assembly
troubleshooting, start your diagnostics there. ffbebleshooting procedures throughout
this book will guide you through the major sectia@fisoday’s popular PC components and
peripherals, and aid you in deciding which sub-asye might be at fault. When you
have identified a potential problem area, you cagirbthe actual repair process and swap
the suspect sub-assembly.
REPLACE
Because computers and their peripherals are desageollections of sub-assemblies, it
is almost always easier to replace a sub-assemliligbt, rather than attempt to trou-
bleshoot
the sub-assembly to its component level. Eventflyad the time, documenta-tion,
and test equipment to isolate a defective compomeguty complex parts are
proprietary, so it is highly unlikely that you walbe able to obtain replacement compo-
nents
without a significant hassle. The labor and frusirafactor involved in such an en-deavor
is often just as expensive as replacing the estibeassembly to begin with
(perhaps even more expensive). On the other haawlfacturers and their distributors
often stock a selection of sub-assemblies and mgpfou might need to know the man-
ufacturer’s
part number for the sub-assembly to obtain a nesv on
During a repair, you might reach a roadblock tleguires you to leave your equipment
for a day or two, or maybe longer. This generalipjpens after an order has been placed
for new parts, and you are waiting for those partsome in. Make it a point to reassemble
your system as much as possible before leavil@ggither any loose parts in plastic bags,
seal them shut, and mark them clearly. If you avekimg with electronic circuitry, be sure
to use good-quality anti-static boxes or bags tforagie. Partial re-assembly (combined
with careful notes) will help you remember how thet goes together later on.
Another problem with the fast technological progre® enjoy is that parts rarely stay
on the shelf long. That video board you boughtyastr is no longer available, is it? How

Assembling and repair of computer system

Assembling the entire system might be a littleklyid you've never done it before. Some
things you will want near you while doing thisaicold drink, plenty of light, computer
screws, all the manuals that came with the hardyawepurchased, a screw driver and of
course, your sanity.

Oh and a word about static electricity. Make sure gte-static yourself (by touching your
computer's power supply or wearing a very expensitestatic bracelet), and it would be a
good idea to work in a non-static area, such a& @le, or a kitchen counter, and away
from carpet. Whatever you do, be very careful natap your components.



Configuring the motherboard jumpers.

Configuring the jumpers is the first thing that de¢o be done. What you will want to do is
consult your motherboard manual on how to set ¢kery correctly. There are just to
many motherboards out there that | can cover madHicle. Most jumpers listed in your
motherboards manual are already set up for younidia ones you will have to configure
are:

a) Power supply type. In the event that you havABATX motherboard you will need to
set this one correctly.

b) CPU external bus frequency. This is where yacgp what bus frequency your CPU is
at.

c) CPU to bus frequency ratio. Look at the littexlthat contained your CPU, it will show
you the exact ratio (should be a number like 20x,33.5x, etc.)

d) CPU voltage. It's really important that you te¢ one right, or else you'll end up with a
*really* hot CPU or a non-working board.

Inserting the CPU.

This one is really easy. Take the CPU, and haidth your right hand. Look on your
motherboard for the CPU socket. With your left h&wottl the motherboard with a firm grip
while you insert your CPU. Then connect your CPhl taasy isn't?

Screwing the motherboard to the computer case.

This process can be a little frustrating. A goaddho do would be to remove the piece
where the motherboard screws too, which is a lpege! within your computer case.

Next you should have little plastic looking screwse these to secure all four corners of
your motherboard. Don't worry if you can't secuselecorner, more often than not you will
only be able to get 2 to 3 corners.

Finally, you will see holes in the middle of the tmerboard. You should be able to insert
two screws to secure the middle of your board. \8¢hese in, but make absolutely certain
that you have those little red rubber looking wash&his will protect your board from
damage that the metal screws can cause. Like thercscrews, it's really no big deal if
you can only screw in one center support screw.

Inserting your RAM.



Once your board is securely inserted within yowe¢gou will want to pop in the RAM.
Here you will discover exactly how easy it is tafpem the 40-50 dollar job that
CompUSA and other stores will charge you.

Look up in your motherboard manual exactly in wéatkets your RAM has to go into.
Then insert your RAM slowly, but firmly into its eket. DIMMs can only be inserted in
one way. Simply align the indents found on the lopext of the DIMM to the indents
found in the RAM socket.

LED cords and the RESET Switch cord.

In the lower right part of your case you will sebumch of cords ending with black heads.
These black heads will be labeled HDD, RST, PWRRBO, etc. If they are not labeled,
then good luck trying to figure out which goes whdlve actually had the chance of trying
to figure that out ... it took me a few tries, bassically it's trial and error.

Anyhow, take a hold of those cords, look up in yowanual where the proper connectors
go to, and plug themin.

Connecting your power supply to the board.

You should refer to your computer manual as to baactly the power supply cords should
be connected to your board, but generally the btacls of the two power supply strips
will be found in the center of the two connectirayyer supply outlets on your
motherboard.

Connecting your LPT, COM1 and COMZ2 cables.

On the outer edge of your motherboard, usually tleakeyboard connector, you will have
3 outlets. The first two will be close together amd of the same size (small). This is
COM1, and COM2. Not to far from these you will seeoutlet that is just a little bigger,
and this is your LPT outlet. Consult your board oedrio find the exact location.

So you will have to take the gray ribbons with ted dots/stripe on the side and connect
them to the correct connector.

Make sure that the red stripe/dots face towardsefheide of your motherboard (the side
where your power supply is).

These gray ribbons then go to a little metal brattkat holds another connector that looks
exactly like your printer port. You will have torsgv these brackets into your case.



Week 12
This Week learning outcome

TO Understand:
Diagnostics in Corrective Maintenance

Installing an Operating System (OS)

Probably one of the easiest steps of all is toygat newly built computer set up with an
operating system.You have a very wide choice ofatpey systems: Windows 95/98/NT,
Linux, FBSD, OS/2 .... and the list can go onbélvery honest right now. | will not
explain how to install any OS except the main lsaeifogetting Windows 95/98 (they both
install the same way) installed. If you want totatisa UNIX OS, Win NT or OS/2, then
you probably know enough about computer to do thewt my guidance. First, you will
need to create yourself a system disk. Grab ydumssw or used floppy disk, insert it into
your current machine and format it.

To format, go to youdesktop, open up the "My computeiton, then right click on your
Floppy driveicon. Then select format. Make sure you select "faiigl the "Copy system
files" option. Then hit start.

Once done, you may want to perform the followingthyour floppy disk still in your
drive, go to a dos prompt. If you don't know howgtoto aDOS prompt, or if you have no
clue what it is, well I'm sorry to inform you, thsgtting up an OS on your new computer
will be nearly impossible. Take an hour or twodarh abouDQOS ... do a little research
about it on the web (a great place to staWwisbfreebees.Net of course). Anyhow, once
you get to youDOS prompt, simply type in: SYS A: You can then exaugyDOS
prompt.Next, go to youstart Menu, go to FIND then FILES OR FOLDERS.

You will want to search for the following items (need to be in order): a)

FORMAT.COM

b) FDISK.EXE Each time when the program file apgearyour search window, right click
on it, then select the "SEND TO" option, then "s&sidyour 3 1/4 floppy drive icon. Once
both programs are copied, your all set to bootayr mew computer again. Make sure your
BIOS is set to read your floppy drive first for theot up sequence.

Installing an Operating System (OS)

Insert your floppy and turn the power on. Once geng is done starting, you will be at a
DOS prompt, that will look like this: A:\> What you Wiwant to do now is type in



FDISK.EXE. This will start the software requireddeepare your hard drives. The software
is fairly easy to use with step-by-step instrucsioiit allows it, | suggest that you enable
large hard drives. This will save you the hasslkanfing to split up your large hard drive
into smaller partitions. Once FDISK is done, yoll weed to reboot your computer again.
Make sure you keep the system disk in your flopgpyed Once the system is done
rebooting, and you find yourself to the great cilbA:\> DOS prompt. Next task is to
format your hard drive(s).Simply type:FORMAT /S C

Then your hard drive will be formatted. You willeth want to reboot (take the system disk
out of your floppy drive). Once you reboot, if alént well, you will now see a C:\>
prompt. Now the next thing you will want to do isfall your CD-ROM foiDOS. Refer to
your CD-ROM instructions for this. You will probabhave to reboot again, which is okay,
since it will be one of the last times. After yaboot, and you're back to the C:\>, insert
your Windows95/98 CD-ROM into the CD-ROM drive, thigpe in: D:\>SETUP.EXE
(replace the D:\ with the appropriate drive letieyour CD-ROM). If the Windows setup
starts, then you're all set, the rest is real sady!

If not, you may want to load up HIMEM.SYS. Copy tfite to your newly built
computer's hard drive (get it from your current porter) and make a CONFIG.SYS file
that will load up that memory device.

SCAN THE DISK FOR PHYSICAL DEFECTS
Compression problems can arise if the CVF trieass sectors on the physical drive that

are defective. If this occurs, you will not be atdeaccess the file written in the damaged

sector. To ensure that no undetected defects dine idrive, run a disk scanning utility
such as ScanDisk (included with MS-DOS 6.2x andttredows 95 Startup Disk), or use
the scanning functions included with PC Tools orthio Utilities. Any sectors that check
bad will be marked in the FAT and avoided in thenpoession process.

DEFRAGMENT THE DISK AND CHECK FREE SPACE
Fragmentation is a common and undesirable by-ptaefudOS file allocation. The clus-
ters
that are used to hold a file become scattered draudisk, rather than positioned con-
tiguously.
When clusters become scattered, the drive has o mvach harder to locate
and reach each part of the file. Defragmentatiearranges the files on your disk so that
the clusters associated with each file are contigu¥ou should thoroughly defragment
your disk prior to compression. Use DEFRAG (incldisath MS-DOS 6.x and the Win-
dows
95 Startup Disk) or a third-party defragmentatidihity, such as PC Tools or Nor-ton
Utilities. After compressing the disk, check thatemst 1.5MB of free space is on the
disk—some free workspace is needed to performdhgecession process.



CHECK THE DISK FOR FILE DEFECTS
It is important to detect any lost clusters or srtisked files before installing a compres-
sion

product. Use the DOS CHKDSK utility to find any klisrrors. If lost clusters are re-ported,
re-run CHKDSK with the /f (fix) switch to recovene lost clusters. Each lost

cluster is recovered as a root directory file vattfCHK extension. You can then simply

delete all .CHK files before continuing. If crossked files are indicated, note the names
of those cross-linked files. Copy those files tavrides and delete the originals—this
should clear the cross-link conditions, but onéath of those files are now likely to be
defective, so restore all cross-linked files frdma system backup or original installation
disks. If you have MS-DOS 6.2x (or a Windows 95ria Disk) available, you can use

fix disk errors using ScanDisk instead of CHKDSK.

CHECK THE MEMORY
Remember that a compression package will needta SR or device driver to achieve
“on-the-fly” operation. This compression utility@ld be loaded into the upper memory
area (if possible). Otherwise, it will consume poes conventional memory, which
might prevent other memory-hungry DOS applicatifvom running. Use the MEM func-
tion
and look at the report for the “largest free uppemory block.” If that number is
larger than 45KB, chances are good that you cahtloa utility into the UMA during sys-

tem
initialization. If little or no upper memory is feeyou will have to free sufficient

memory by removing other drivers or TSRS, or sealpaonsider the impact of leaving
the compression utility in conventional memory gtts highly undesirable).

INSTALL THE COMPRESSION UTILITY

If everything looks good up to now, you can go ahaad begin installation of the com-

pression
product. Both DoubleSpace/DriveSpace and Stackebesstarted very sim-ply,
and the installation process for each is very aateoh For specific installationand

operation information, you should refer to the dethinstructions that accompany
each product.

CREATE A BOOTABLE DISK

As you will see in Chapter 17, hard disks do fail & wide variety of reasons. Now that
your drive is compressed, you will need to createtéble disks that are “compression-

aware.”
You could certainly boot the system from a convamdi boot disk, but you

would be unable to access your compressed drivegsiunately, creating a compression-
compatible
boot disk is a simple matter.



Week13
Objective: Understanding Installation Procedure

Computer site preparation

When computer is about to be installed the plantdasoperly designed for the optimum

benefit of the computers it should be located wedl ventilated area the wiring system has
to be checked as a wrongly wired house may carseditbreak

Troubleshooting Modular Approach

The concept of modular testing is the approach kvtigided computer components and

each it treated as an entity and one independeheaither but interrelated if make
troubleshooting easier

Installation,Upgrading, and Optimizing System
Performance

Most of this chapter has focused on the installation and
performance of specific computer components. This section focuses
on the performance of the computer system as a whole. In this
section, you will learn how to upgrade your computer by replacing
special subsystem components, such as the BIOS. You will also
learn about procedures that can improve your computer’s
performance, such as replacing batteries, installing cache memoty,
and running hard drive utilities. Additionally, you will learn how to
extend the abilities of your computer by installing specially
designed components, such as portable system PC cards.

Desktop Computers

The procedures described here can be performed on almost all
desktops. However, their relevance to portable systems is limited
to the information in the “Hard Drives” and “BIOS” sections.

Memory

As you know, one function of RAM is to provide the processor
with faster access to the information it needs. Within limits, the
more memory a computer has, the faster it will run. One of the

most common computer upgrades is the installation of more
RAM.

Recall that most computers can use another type of RAM, called
cache memory. Cache memory chips can be accessed even faster than
regular RAM, so their presence can help speed up the computer.
Within limits (up to 1MB), the more cache a computer has, the
faster it will run. The type of cache that can be added to the



computer is called Level 2 (L2) cache, and it can be installed in
available slots on the motherboard.

Cache that can be installed on the system boaralled L2,
Level 2, or external cache. Cache located withengiocessor
itself is called L1, Level 1, internal, or on-boarache and
cannot be added or upgraded (unless you replagadlcessor).

Hard Drives

Throughout the operation of the computer, the hard drive will be
accessed over and over again. Information will be read from,
saved to, and moved from one place to another on the drive. Its
operation is critical to the perceived efficiency of the computer.
However, the mote the hard drive is used, the less efficient it
tends to become. The next two subsections describe common
hard drive problems and how to resolve them.
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System Booting

Now it's the moment of truth. Connect your monitor, mouse, keyboard and power cord
to the computer. Don't screw the exterior case cover just yet, because you might have
to fix something that doesn't work (let's hope not).



Now turn the power on. If you see something on your screen that matches your CPU
speed, then a Memory test that matches your amount of RAM, then you got it done!

Sure you may have to fix some problems, but you can rest assured you got the core
stuff done. If you don't see nothing, then you probably omitted one of the steps above,
or you didn't do it right. Consult your hardware manuals! They will explain to you
exactly how everything needs to be connected.

Setting up your BIOS.

Once you boot up, you will probably see a heading labeled "Press DELETE to enter
setup"”, or maybe "Press ESC to enter setup". Whatever the key, press it to enter your
BIOS.

First thing you will want to do in your BIOS is set up your hard drive. More than likely
you will have an option labeled "Auto-detect IDE devices". Use this to configure your
BIOS to use your hard drive(s).

You may also want to screw around with other items. I can't really help you there, but
grab your motherboard manual, and read what it says about your BIOS.

That's it! You're all done! Well at this point, if everything worked great, you deserve a
good pat on the back. It sure isn't an easy task to build your own computer.

Some people tend to "rush build" their PCs. Well unless it's a dire emergency, I don't
recommend this. You're better off taking each step one at a time, and to make sure
everything is securely screwed and connected.

Installing an Operating System (0S)

Probably one of the easiest steps of all is to get your newly built computer set up with
an operating system.

You have a very wide choice of operating systems: Windows 95/98/NT, Linux, FBSD,
0S/2 .... and the list can go on.

I'll be very honest right now. I will not explain how to install any OS except the main
basics of getting Windows 95/98 (they both install the same way) installed. If you
want to install a UNIX OS, Win NT or 0OS/2, then you probably know enough about
computer to do it without my guidance.

First, you will need to create yourself a system disk. Grab yourself a new or used
floppy disk, insert it into your current machine and fotma

To format, go to youdesktop open up the "My computer€on, then right click on your
Floppy driveicon. Then select format. Make sure you select "fallid the "Copy system
files" option. Then hit start.



Once done, you may want to perform the followingthyour floppy disk still in your
drive, go to a dos prompt. If you don't know howgtoto aDOS prompt, or if you have no
clue what it is, well I'm sorry to inform you, thsetting up an OS on your new computer
will be nearly impossible. Take an hour or twodarh abouDOS... do a little research
about it on the web (a great place to stawebfreebees.Naif course).

Anyhow, once you get to yoOS prompt, simply type in: SYS A: You can then exauy
DOS prompt.

Next, go to youlStart Menu go to FIND then FILES OR FOLDERS.
You will want to search for the following items (need to be in order):

a) FORMAT.COM
b) FDISK.EXE

Each time when the program file appears in your search window, right click on it, then
select the "SEND TO" option, then "send to" your 3 1/4 floppy drive icon.

Once both programs are copied, your all set to boot up your new computer again.
Make sure your BIOS is set to read your floppy drive first for the boot up sequence.

Installing an Operating System (OS)

Insert your floppy and turn the power on. Once everything is done starting, you will be
at a DOS prompt, that will look like this:

A\>

What you will want to do now is type in FDISK.EXE. This will start the software
required to prepare your hard drives. The software is fairly easy to use with step-by-
step instructions.

If it allows it, I suggest that you enable large hard drives. This will save you the hassle
of having to split up your large hard drive into smaller partitions.

Once FDISK is done, you will need to reboot your computer again. Make sure you keep
the system disk in your floppy drive.

Once the system is done rebooting, and you find yourself to the great colorful A:\>
DOS prompt. Next task is to format your hard drive(s).

Simply type:

FORMAT /S C



Then your hard drive will be formatted. You will then want to reboot (take the system
disk out of your floppy drive).

Once you reboot, if all went well, you will now see a C:\> prompt. Now the next thing
you will want to do is install your CD-ROM for DOS. Refer to your CD-ROM instructions
for this.

You will probably have to reboot again, which is okay, since it will be one of the last
times.

After you reboot, and you're back to the C:\>, insert your Windows95/98 CD-ROM into
the CD-ROM drive, then type in:

D:\>SETUP.EXE (replace the D:\ with the appropriate drive letter of your CD-ROM).
If the Windows setup starts, then you're all set, the rest is real easy stuff!

If not, you may want to load up HIMEM.SYS. Copy that file to your newly built
computer's hard drive (get it from your current computer) and make a CONFIG.SYS
file that will load up that memory device.



Week 14

Objective: Understanding Installation Procedure

Computer installation and Assembling

Assembling the entire system might be a little tricky if you've never done it before.
Some things you will want near you while doing this, is a cold drink, plenty of light,
computer screws, all the manuals that came with the hardware you purchased, a screw
driver and of course, your sanity.

Oh and a word about static electricity. Make sure you de-static yourself (by touching
your computer's power supply or wearing a very expensive anti static bracelet), and it
would be a good idea to work in a non-static area, such as on a table, or a kitchen
counter, and away from carpet. Whatever you do, be very careful not to zap your
components.

Configuring the motherboard jumpers.

Configuring the jumpers is the first thing that needs to be done. What you will want to
do is consult your motherboard manual on how to set everything correctly. There are
just to many motherboards out there that I can cover in this article. Most jumpers
listed in your motherboards manual are already set up for you. The main ones you will
have to configure are:

a) Power supply type. In the event that you have an AT/ATX motherboard you will
need to set this one correctly.

b) CPU external bus frequency. This is where you specify what bus frequency your CPU
is at.

c) CPU to bus frequency ratio. Look at the little box that contained your CPU, it will
show you the exact ratio (should be a number like 2x, 3.0x, 3.5x, etc.)

d) CPU voltage. It's really important that you get this one right, or else you'll end up
with a *really* hot CPU or a non-working board.

Inserting the CPU.

This one is really easy. Take the CPU, and hold it with your right hand. Look on your
motherboard for the CPU socket. With your left hand hold the motherboard with a firm
grip while you insert your CPU. Then connect your CPU fan. Easy isn't?



Screwing the motherboard to the computer case.

This process can be a little frustrating. A good thing to do would be to remove the
piece where the motherboard screws too, which is a large panel within your computer
case.

Next you should have little plastic looking screws. Use these to secure all four corners
of your motherboard. Don't worry if you can't secure each corner, more often than not
you will only be able to get 2 to 3 corners.

Finally, you will see holes in the middle of the motherboard. You should be able to
insert two screws to secure the middle of your board. Screw these in, but make
absolutely certain that you have those little red rubber looking washers. This will
protect your board from damage that the metal screws can cause. Like the corner
screws, it's really no big deal if you can only screw in one center support screw.

Inserting your RAM.

Once your board is securely inserted within your case, you will want to pop in the RAM.
Here you will discover exactly how easy it is to perform the 40-50 dollar job that
CompUSA and other stores will charge you.

Look up in your motherboard manual exactly in what sockets your RAM has to go into.
Then insert your RAM slowly, but firmly into its socket. DIMMs can only be inserted in
one way. Simply align the indents found on the lower part of the DIMM to the indents
found in the RAM socket.

LED cords and the RESET Switch cord.

In the lower right part of your case you will see a bunch of cords ending with black
heads. These black heads will be labeled HDD, RST, PWR, TURBO, etc. If they are not
labeled, then good luck trying to figure out which goes where. I've actually had the
chance of trying to figure that out ... it took me a few tries, but basically it's trial and
error.

Anyhow, take a hold of those cords, look up in your manual where the proper
connectors go to, and plug them in.

Connecting your power supply to the board.
You should refer to your computer manual as to how exactly the power supply cords
should be connected to your board, but generally the black cords of the two power
supply strips will be found in the center of the two connecting power supply outlets on
your motherboard.

Connecting your LPT, COM1 and COM2 cables.



On the outer edge of your motherboard, usually near the keyboard connector, you will
have 3 outlets. The first two will be close together and are of the same size (small).
This is COM1, and COM2. Not to far from these you will see an outlet that is just a little
bigger, and this is your LPT outlet. Consult your board manual to find the exact
location.

So you will have to take the gray ribbons with the red dots/stripe on the side and
connect them to the correct connector.

Make sure that the red stripe/dots face towards the left side of your motherboard (the
side where your power supply is).

These gray ribbons then go to a little metal bracket that holds another connector that
looks exactly like your printer port. You will have to screw these brackets into your
case.

Installing your floppy drive.

Next, take your floppy drive, insert it into an available bay (in the upper right hand
corner of your case). Connect a power supply to the drive, which will be a thin cable
coming out of your power supply. Next, take your floppy drive gray ribbon (it's the
only one that will connect to the floppy drive). Connect one end to the floppy drive,
and the other to the board. Look in your manual if you're not sure where this is
located. Like in the above step (#6), the red stripe/dots must face towards the left
part of your board.

Installing the IDE drives.

The IDE drives are the hard drives and CD-ROMs. Before putting them in their
respective bays, make sure you have their jumpers set up right (consult their
documentation). You will need your hard drive to be set as a master, or slave
(depending on how many hard drives you have).

Then connect the IDE gray ribbon (it's the only one that will fit to the IDE drives) to
the drives themselves and then to the motherboard. Like in the above step (#6), the
red stripe/dots must face towards the left part of your board.

Finally, connect the power supply to the drives.

Inserting your expansion cards.

Next you will want to insert your expansion cards into your motherboard. These are
the sound cards, video cards, modems, etc. Each one of these go into their correct slot
(AGP, PCI or ISA) with the metal bracket facing the left part of the case so you can
screw them in.



If you have an AGP card, this one will go into the AGP slot, which is brown, and there
shouldn't be more than one AGP slot on your board. Slowly but firmly insert the card
into the slot. You will know when it's all the way in.

PCI cards will go into the PCI slots. These slots are the smaller white ones.

The ISA cards will go into the ISA slots. These are the longer black slots.

If you got a sound card, which supports CD-ROM audio, now would be the perfect time
to connect the digital audio cord to your CD-ROM.
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Booting up for the first time.

Now it's the moment of truth. Connect your monitor, mouse, keyboard and power cord
to the computer. Don't screw the exterior case cover just yet, because you might have
to fix something that doesn't work (let's hope not).

Now turn the power on. If you see something on your screen that matches your CPU
speed, then a Memory test that matches your amount of RAM, then you got it done!

Sure you may have to fix some problems, but you can rest assured you got the core
stuff done. If you don't see nothing, then you probably omitted one of the steps above,
or you didn't do it right. Consult your hardware manuals! They will explain to you
exactly how everything needs to be connected.

Setting up your BIOS.

Once you boot up, you will probably see a heading labeled "Press DELETE to enter
setup"”, or maybe "Press ESC to enter setup". Whatever the key, press it to enter your
BIOS.

First thing you will want to do in your BIOS is set up your hard drive. More than likely
you will have an option labeled "Auto-detect IDE devices". Use this to configure your
BIOS to use your hard drive(s).

You may also want to screw around with other items. I can't really help you there, but
grab your motherboard manual, and read what it says about your BIOS.

That's it! You're all done! Well at this point, if everything worked great, you deserve a
good pat on the back. It sure isn't an easy task to build your own computer.

Some people tend to "rush build" their PCs. Well unless it's a dire emergency, I don't
recommend this. You're better off taking each step one at a time, and to make sure
everything is securely screwed and connected.

Installing an Operating System (OS)

Probably one of the easiest steps of all is to get your newly built computer set up with
an operating system.

You have a very wide choice of operating systems: Windows 95/98/NT, Linux, FBSD,
0S/2 .... and the list can go on.



I'll be very honest right now. I will not explain how to install any OS except the main
basics of getting Windows 95/98 (they both install the same way) installed. If you
want to install a UNIX OS, Win NT or 0S/2, then you probably know enough about
computer to do it without my guidance.

First, you will need to create yourself a system disk. Grab yourself a new or used
floppy disk, insert it into your current machine and fotma

To format, go to youdesktop, open up the "My computeiton, then right click on your
Floppy driveicon. Then select format. Make sure you select "faiid the "Copy system
files" option. Then hit start.

Once done, you may want to perform the followingthyour floppy disk still in your
drive, go to a dos prompt. If you don't know howgtoto aDOS prompt, or if you have no
clue what it is, well I'm sorry to inform you, thsetting up an OS on your new computer
will be nearly impossible. Take an hour or twodarh abouDQOS ... do a little research
about it on the web (a great place to staWsbfreebees.Net of course).

Anyhow, once you get to yolDOS prompt, simply type in: SYS A: You can then exit
your DOS prompt.

Next, go to youStart Menu, go to FIND then FILES OR FOLDERS.
You will want to search for the following items (need to be in order):

a) FORMAT.COM
b) FDISK.EXE

Each time when the program file appears in your search window, right click on it, then
select the "SEND TO" option, then "send to" your 3 1/4 floppy drive icon.

Once both programs are copied, your all set to boot up your new computer again.
Make sure your BIOS is set to read your floppy drive first for the boot up sequence.

Installing an Operating System (OS)

Insert your floppy and turn the power on. Once everything is done starting, you will be
at a DOS prompt, that will look like this:

A:\>
What you will want to do now is type in FDISK.EXE. This will start the software

required to prepare your hard drives. The software is fairly easy to use with step-by-
step instructions.



If it allows it, I suggest that you enable large hard drives. This will save you the hassle
of having to split up your large hard drive into smaller partitions.

Once FDISK is done, you will need to reboot your computer again. Make sure you keep
the system disk in your floppy drive.

Once the system is done rebooting, and you find yourself to the great colorful A:\>
DOS prompt. Next task is to format your hard drive(s).

Simply type:
FORMAT /S C

Then your hard drive will be formatted. You will then want to reboot (take the system
disk out of your floppy drive).

Once you reboot, if all went well, you will now see a C:\> prompt. Now the next thing
you will want to do is install your CD-ROM for DOS. Refer to your CD-ROM instructions
for this.

You will probably have to reboot again, which is okay, since it will be one of the last
times.

After you reboot, and you're back to the C:\>, insert your Windows95/98 CD-ROM into
the CD-ROM drive, then type in:

D:\>SETUP.EXE (replace the D:\ with the appropriate drive letter of your CD-ROM).
If the Windows setup starts, then you're all set, the rest is real easy stuff!

If not, you may want to load up HIMEM.SYS. Copy that file to your newly built
computer's hard drive (get it from your current computer) and make a CONFIG.SYS
file that will load up that memory device.
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