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CDI Revision Notes
Term 1 (2017 — 2018)
Grade 11 Advanced

Unit 1 — Materials and Unit 2 — Fundamentals of Electronics

STUDENT INSTRUCTIONS - Examination Specifications

« Student must attempt all questions. Domain Marks Time

« For this examination, you must have: Section 1 - 5 Multiple Choice Questions 5 Marks 3 - 4 minutes
(a) An ink pen — blue.
(b) A pencil. Section 2 - 5 True or False Statements 5 Marks 3 - 4 minutes
(c) Aruler. , , Section 3 - 2 Short answer Questions 10 Marks (2x5) | 8- 10 minutes
(d) A calculator (if required). 2 Diagram Questions 20 Marks (2 x 10) | 10 — 12 minutes

* Electronic devices are not allowed. 1 Matching Task 10 Marks 3 _ 5 minutes

Total — 50 Marks | Total — 35 minutes
(5 minutes reading)
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Compressive strength
is the ability of a
material o withstand
compression.

—

Shear strength is the ability
to withstand shear force.

Word

Meaning

Properties

how materials perform in everyday use

Working characteristics

how a material behaves (acts) when it is shaped or formed

Raw materials

Materials that are still in their natural form

Bending strength is the
ability to withstand
bending.

v oB
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Torsion strength is the ability fo
withstand twisting.

r
—x

Tensile strength is the ability
to withstand breaking when
in fension (pulled apart).

Strength the ability of a material to resist force without breaking or deforming

Hardness the ability of a material to resist changing shape under force

Toughness the ability of a material to withstand sudden impact before breaking

Elasticity the ability of a material to bend and flex when a force is applied, and to return to shape and size

when those forces are removed

Plasticity/ Malleability

the ability of a material to be stretched or formed into another shape and then hold that shape,
without breaking or fracturing

L

Mechanical
Properties

Durability the ability of a material to withstand wear, pressure or damage
Ductility the measure of a material’s ability to withstand tensile stress
Fracture the separation of an object or material into two or more pieces under the action of stress
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Word Meaning o m T Thermal Conductivity
Physical how a material reacts to an external / .
properties force that is not mechanical 7 -
) /] High Conductivity Thermal Insulators
Thermal how heat travels through a material /
Conductivity Materials that conduct heat easily Materials that are poor conductors
Electrical how a material resists an electric Examples include: metals like copper and Examples include: plastic, polystyrene foam
Conductivity | current being passed throughit | | 8luminum
: : N

Conductor an object, or type of material that . . .

allows the flow of an electric current "’“"““"' ; Electrical Conductivity

in one or more directions / /
Insulator a material, or an object that does not J S ;

easily allow heat, electricity, light or nsutator

sound to pass through it <=
Magnetic the ability to attract or repel certain
Properties | other materials Conductors Insulators
Acoustic how a material reacts to sound Materials that allow electricity to pass through | Materials that do not allow electricity to
Properties easily. pass through easily
Optical how a material reacts to light Examples include: copper, silver, brass and Examples include: ceramics, glass and
Properties gold most plastics
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Acoustic Properties

D &
INCOMING

d

REFLECTED
Sound

Sound Insulation

OUTGOING
Sound

ORBED
Sound

Optical Properties

I transparent translucent

Opaque

Absorb or reflect all light. Impossible to
see through. Example: Wood

Translucent

Insulator Reflector
Action Absorbs Sound Sound bounces off it
Examples | Soft materials & textiles | Hard surfaces
Uses Carpets, curtains Concert halls

Allow some light to pass through.
Example: Sunglasses

Maanetic Properties

Y

2 o
Moo

Transparent

Allow light to pass through easily.
Example: Clear glass.

Superconductors can have little or no

electrical resistance at low temperatures.

Natural force
+ Example: Lodestone

* Many steels are magnetic

* Like poles repel, opposites attract.

Benefits include:
 Power transmission without losses

» Super fast electronic circuits
« Powerful electromagnets

+ Example: Mercury

Electromagnets are controlled by
using an electric current
Ui

i

*  Very powerful

» Magnetic field can be turned on or
off by changing the current.
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UNIT 1 - MATERIALS
SECTION 3 — METALS AND TREATMENTS

Examples of femous metals:

Word

Meaning

Ferrous metal

These are the metals that contain some iron.

Non — ferrous metal

These are the metals that do not contain iron.

Ferrous Non-Ferrous
Contain Iron * Do not contain iron
Magnetic * Non magnetic
Examples: cast iron, mild * Examples: aluminium,
steel, stainless steel copper, lead, zinc, gold and

silver
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IMAGE MNAME COMPOSITION PROPERTIES USES
Cast lron ron Smooth skin Wices, lathe
+ 3.5% carbon with soft core, beds,
strong when garden

compressed,
self-lubricating.
cannat be
bent or farged.

bench ends,
car brake
drums,
cooking pans
etc.

Ak ror Ductile, Car bodies.
Steal +0.15-035% malieable & wiashing
carborn tough, machine
high tensile bodies, nuts
strength, poor & bolts,
rasistance to screws, nails,
COITOsion, girders, etc.
easily welded.

High Iron Wery hard, Tool blades
Carbon +0.8-1.5% rather brittle, e.0. Saws,
Steel carbon difficult to cut, chisels,

— (tool - PO screwedrivers,
steel) resistance to
COMosion. punches,
knives, files,
etc.
High Iron Yery hard, heat Drills, lathe
Speaed + tungsten resistant. cutting
Steel chromium remains hard tools, milling
vanadium when red cutters,
power
hacksaw
blades etc.
| Stainless ron Towgh and Cutlery., sinks,
‘ Steal + chramium hard, corrosion teapots,
nickel resistant, wears dishes.,
Magresium weesll, SOUC SO ans
clifficult to cut, et

bend and file
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HAME COMPOSITION PROPERTIES USES
Aluminium pure metal Good sftrength/ Kitchen foil,
weight ratio, saUCeDans,
malleable and drinks cans,
ductile, difficult etc.
o weld, non-toxic,
resists
comosion.
Conducts heat and
electrciiy well.
Pofishes well,
Duraiumin Alurminiom Stronger than pure | Greenhouses,
+ manganesse Aluminiuvm, window
magnesium nearly as strong as frames,
mild steel aircrafi bodies,
but only one third etc.
the weight.
Copper pure metal Towgh, ductile and | Bectrical wire,
malisable. central heating
Conducts heat and pipes,
electricity circuit boards,
well Corrosion sguUCepan
resistant, bases
solders well.
Folishes well.
Brass Copper + zinc Quite hard, rigid. Water taps.
solders lamps,
easily. Good ooaf fitfings.
conductor of heat arnaments,
and electriciy. door knockers.

Polishes well.

Bronze | Copper+fin | Tough, sirong, Cains, wheel
Wears very bearings,
well, good statues, boat

COMasion fitfings
resistance.
Tin pure metal | Weak and soff, Solder [with
malleable and lead),
ductile, coaiing over
excelent fild
COMosion steel {fin can).
resistance, low
melfing point.
Lead pursmetal | Soff, malieabls, | Roof coverings,
very heavy, solder (with
Corosion tin}, cor batftery
resistant, low plates.
melting point,
casts wel,
conducts

electricity well.
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Heat treatments -

» It changes their physical and mechanical properties, without changing their shape.
» This process could be used to — (a) strengthen metals, (b) improving formability and ability to be machined.
« This process involves heating of the metals to a range of temperatures and then cooling them in a controlled way.

1. Work Hardening:

* This process occurs when a
metal is continually bent, shaped
or stretched over time.

* The metal becomes less flexible
and more rigid, sometimes brittle
and likely to break.

3.

Annealing:
This process uses heat to soften the metal to a
specific temperature and then cooled.

It changes the molecular structure of the metal
and makes the metal less rigid and hence can
be bent, cut and shaped more easily.

When the metals are heated they change
colour at specific temperatures. These stages
can be used to judge when a metal has been
annealed.

2. Quenching:

» ltis used to describe rapid
cooling of a workpiece to obtain
certain material properties .

4. Case hardening

In this process only the surface layer of a metal
is hardened.

Advantage - the core of the metal remains
malleable and flexible, so it can be worked for
longer before needing to be softened again .

5. Tempering:

» ltis a process used to improve the
properties of metals, especially steel, by
gradually heating to a high temperature
(below melting point), then cooling it.

+ Cooling the metal can be done gradually in
air or in a bath of cold water or oil.

« Ifitis cooled in air the metal is usually
placed on to a cold metal surface (like an
anvil) so that the heat is conducted away
slowly.

* The process reduces the brittleness and
the internal stresses of the metal. As the
metal is heated it changes colour, the
colour will represent different temperature
ranges.

» Once you have reached your desired
temperature, the metal can be cooled by
quenching in cold water or oil. The
temperatures used will depend on the type
of steel and its intended use.
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Word

Meaning

Electrical Circuit

A closed path for electrons to move through electrical components, connected by a conductive wire.

Schematic Diagram

A graphical representation of an electrical circuit that uses symbols.

Voltage The charge difference between two points.
Current The rate at which electric charge flows through a certain point .
Resistance A material’s tendency to resist (oppose) the flow of charge (current) . e
DC An electric current that flows in one direction and has a constant voltage level; used in devices that use g -
batteries or USB cables for power e
AC An electric current that periodically changes its direction; the voltage level also reverses with the current; :T{f';ci
used to deliver power to houses, office buildings, etc. ﬁg—g
Battery An electrical DC power source [ —— iz
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We use electricity in our daily lives to power our

electric devices. For example —

» Cars get electric power from batteries.

« Computers, televisions, air conditioners, cell
phone chargers & electric wall sockets.

Electric current is the flow of electric charge
carried by electrons. Electrons are very small
particles within atoms. They carry electric energy
and flow through defined paths known as electric
circuits.

Electronics is described as the science of dealing
with electricity. For example - An electronic
appliance has more functions than a simple
electrical device. An electronic kettle could maybe
send an SMS to your phone, telling you that your
water is ready. A simple electric kettle ONLY boils
water.
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INTRODUCTION

Voltage

Source

It causes the
current to flow

through circuit.

- b-'\_‘t““
B

current flow.

Through which
current flows.

Consumes electric

Electric Circuit : Group of
electric components
connected by conductors for

Load

power.

]

4

. i
! JIJ
-

el

Types of Voitage Source

ne Woye

. e
i * AC signa '

Alternating Current :
Wall Socket

At b

DC signod

Direct Current :
Battery
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Ohm’s Law

ELECTRICAL SCHEMATIC

An electrical wire ———— @
Connected L
A connected wire ’

Mot connected e B 3 V
A disconnected wire (v/) — I X R (‘!’} -_ ﬁ @} - T

+_ +
_r or _—r Y

* Voltage is the difference in

A battery

charge between two points.

Amperage

\ 4

Alight lamp or load —®— * Measured in Volts(V).

« Resistance is a

! ki Eans material’s tendency to

: : resist the flow of
9] s + Current is the rate at which charge (current).

T charge is fI.owing. *  Measured in Ohms(Q).
* Measured in Amperes(A).
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Problem 1: Problem 2: Problem 3:

Using Ohm’s Law, what is the voltage
difference between point A and B if the
current flowing through the resistor is 15

If the resistor in the previous example is
replaced with another resistor, that has
double the resistance, how much current

Compare the value of the new current
with the value of the initial current. Justify
your answer.

mA, and the resistance is 100 Q? would be flowing in the circuit using the

same 1.5V battery as a voltage supply? Solution:
1000 The new current is half the initial current
T Solution: (7.5 is half of 15). When the resistance
? T — I=15 mﬁ V=15V, was doubled, the current flowing became
BT _ R=2x100Q =200 Q less (half the original current). This is
V=IxR—1=V/R=15V/200Q = because current is INVERSELY

0.0075A=7.5mA proportional to the resistance.

Solution:
V=IxR=0.015A%x100Q=15V

* Abattery is a common DC power supply.

« Abattery is made up of two plates. One plate is positively charged (+), the other plate is negatively charged (-).

* The plates are surrounded by a chemical solution called electrolyte.

+ The electrical energy of a battery is made by converting the chemical energy of the battery. This happens when
a chemical reaction between the plates and the electrolyte produces a voltage difference between the two
plates.

» This makes the electrons flow and generates an electric current.

* The figure below shows some commonly used batteries that are available at the market. Each type has a
different voltage.
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SIGNAL - For receiving and sending information
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1. Analog Signals
» This signal has infinite number of values.
e Stored in continuous form between minimum and maximum

Examples

* Brightness of sun
2. Digital Signals

* Room temperature |3
» Speaker 01
» These signals have a finite set of possible values(0V or 5V).

* Mixing colors
+ Old radio
» Old photograph

» Stored in coded form (0,1) (min., max. )
Examples l | | | |
+ Light switch in class room.

« Power button of phone.

- Game controller buttons e |
» Calculator screen S
» Digital camera

+ Digital music player

SERIES CIRCUITS
Electric current flows in ONE defined path in series circuits.
The current must flow through the wires, all the way through
both light bulbs and back to the battery.
&

|

PARALLEL CIRCUITS
In parallel circuits, electric current has more than one path.
The components are connected to the same common
points, this allows the current to be distributed over the
paths.

4
\t‘
| -+
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SECTION 4 - EMBEDDED
SYSTEMS

Embedded systems :
larger mechanical or electrical system. Examples -

An “embedded system” is known as an input. It is a device that contains a computer unit
or a microcontroller that reads the changes in an environment. It then controls an

output system to change the environment.

Controller : It is an electronic chip that works as a computer to manage the operation of
electronic devices. It controls certain machines. It can be programmed to read input and

controlling output. It has 3 main parts.

4.Input
@ 5.0utput

A controller has four main parts: central processing unit, random access
memaory, read only memeory and I/O poris. When all these parts are
connected on a single chip. you have a microcontroller.

2.RAM

3.ROM

Microcontroller

N e i WP | ) A S g
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It is a specialized computer system with a specmc function within a
An air conditioner in car; a seatbelt
warning in car, a garden watering system or a motion sensitive security system.

Input Unit Control Unit Output Unit

-

- Collects signals

- Sends signals out

- Processes signals

- BEx: temperature sensor - Bx: microcontroller - Ex: a/c compressor

An embedded system has an input unit to collect data, a control unit to
process the signal and an output unit to send signals out.



United Arab Emirates
Ministry of Education

N e i WP | ) A S g
obaliV g A ;03155159

Word

Meaning

Potentiometer

A 3-terminal variable resistor that
allows us to adjust the value of the
resistance by rotating a stainless-
steel shaft.

Rotary
Rheostat

A 2-terminal variable resistor that
allows us to adjust the value of the
resistance by rotating a control dial.

LDR

A variable resistor that changes its
resistance depending on how much
light falls on it.

Thermistor

A 2-terminal variable resistor; it is
an inexpensive temperature sensor
that changes its resistance
depending on the temperature.

Fuse

An electronic safety device used for
protecting electrical circuits from
being damaged because of
excessive current.

Types of variable resistors -

* A variable resistor usually has four main parts, a wiper that rotates
around 270°, a shaft to control the wiper, a resistive material and the
terminals.

Variabl « Potentiometer W OR if
cleLlls « Rheostat ‘Wf OR 477_’_F

Resistors - Preset A OR{ 1

Applications —
Potentiometers —
voltage dividers

e Rheostat — switching

2.
Q&Aﬁ electronics, performs

Symbol tuning or calibration

(A) Potentiometer (B) Potentiometer terminals connections and schematic 1 .

Vref
output

Ground

Digital Potentiometer (Preset) —

* Here, there is no shaft or control dial
to change the resistance.

* The value of the resistance is
voltage-controlled.

* We send digital signals to control the
resistance just like we rotate
the knob of a potentiometer.
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Special Resistors —
There are two types of special resistors:
* Light-Dependent Resistors (LDRs)

LDR with Schematic Symbol

1. LDRs are mainly used when there is a X
need to spot absences or presences of light.

2. A camera light meter is an example. N

3. They are also used in light sensitive switches @

street lamps, alarm clocks, burglar alarm
circuits, light intensity meters and as
light sensors.

* Thermistors

1. Athermistor is a component that has
a resistance that changes with temperature.

2. There are two types of thermistors, one  Memsiermsenematic simoel
whose resistance increases with
temperature, and one whose resistance
decreases with temperature.

3. Applications — temperature sensing, .

current limiting and circuit \
protection.

Switches —

Switches are used to interrupt the flow of electrons in a circuit.
They act as binary devices (1 or 0, ON or OFF).
They are either completely ON, or completely OFF.

The simplest type of switch is a switch where two electrical conductors are

brought into contact with each other by the motion of actuators.

(A) Pushbutton switch

I

1 3
5 . ) Open State Close State
(B) Pushbutton Switch symbol 3
(OFF)
(C) Pushbutton Switch 2 4
symbal (ON)

Open State

Mechanical switches and their symbols

e Pushbutton is not pressed
«The connection is Open
«OFF

= Logic Zero

*No current flow

*No Voltage

Switch type
Single-pole single-throw (SPST)

Close State

sPushbutton is pressed

= The connection is Closed
sON

=Logic cne

s Current flows

Single-pole double-throw (SPDT)

=Voltage can be measured

o

(B) Toggle switch symbol
(OFF = Open)

————

(C) Toggle switch symbol
(ON = Close)

Double-pole single-throw (DPST)

A) Toggle switch

Double-pole double-throw (DPDT)

Diagram

— " —

o0—

—

—o’ro—
—O),D—

e

P e—

-
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Fuse —

It is an electrical safety device (component) that removes electrical current from an electrical circuit when the current in the electrical circuit is too high.

(A) Fuse with its symbol (B) Circuit schemactics using a fuse.

Q Fuse

AAAN

Good Fuse

——

Blown Fuse

= =

A fuse is a length of wire that melts (breaks or blows)
when the current passing through it is above a certain
level. This level is called the fuse rating.

The fuse rating is the electrical current that will blow or
break the fuse.

For example, 3 Amp, 10 Amp or 13 Amp could be the
rating.

We can describe a fuse to be a current sensitive piece of
wire.

When the fuse is working, the wire is not broken. The
wire breaks when the fuse is blown.

Why does a fuse blow?
A fuse blows when the electric current passing through
the fuse is high enough to melt the wire inside it.

Fuse rating
The fuse rating can be calculated using the following
formula:

Power (Watt) ) x 1.25
Voltage (V)

Fuse rafing = (

Wire in fuse NOT broken

Fuse fuse is OK

Live i |

/ N\
=
- ]
Fuse OK - allows electricity | —
through — kettle works ' S

Neutral

Wire in fuse broken —
fuse has blown

us
Live [ |

Fuse ‘blown’ — does not allow
electricity through — kettle does e
not work " :

Neutral
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Diodes -
+ Adiode is an electronic component with two terminals.

« ltallows current to flow in only one direction.

(A)diode placed in forward bias (B)diode placed in reverse bias AnOde I Cathode
(+) | (=)
+ — -—
4 M-
. Current NO Current
= SO V= -(3)
= +
|
« LED stands for Light Emitting Diode. A”°d-: // Cathode
* An LED has no filament that produces light when electricity passes through it. ' |
Anode
| Cathode

* LEDs use advanced semiconductor material. g Short Lead

+ They are, for example, found inside computer chips.

* LEDs are better than traditional light bulbs. This is because they last longer and use much less power.
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SECTION 6 — RELAY, 555 TIMER and OP - AMP
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Word Meaning Image Word Meaning Image
Relay It is an electromagnetic switch that Pulse A quick change in the value of a e
can be enabled by a small electrical > B signal, from the original value to a L 1T
signal and controls a much larger | higher or lower one, then going back
electrical current. to the original value again.
IC Integrated circuits are advanced Electrical A regular variation about a certain o
(Integrated | circuits that contain many electronic Oscillation | central point in magnitude or position FUQUL
Circuit) components such as transistors, 3 ‘ for current or voltage.

diodes, resistors and capacitors, all
fixed (integrated) into a micro silicon
chip.

a

* There are 2 main circuits in a relay system -
1. Control Circuit
2. Load Circuit

*  When power flows through the first circuit , it activates
the electromagnet which generates a magnetic field.

This magnetic field attracts the connector and
activates the second circuit.

» Applications - fridges, washing machines,
dishwashers and AC controls.

Circuit symbol for a relay

*—O

S

NO
COM
NC
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Control circuit and load circuit of a relay

Solid State Relays

* Have no coil, spring, or mechanical
contact switch.

* Much faster response time than
electromagnetic relays.

* Made from Semiconductor materials.

Sofid Stater Relays

N e i WP | ) A S g
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Relay Applications

Car Indicator Light

Relays are used for powering car
turning signal lights and many
other devices. These are called
“flashers”. It’s a type of relay with
three terminals and the body works
as the earth, in old Japanese cars
like old Toyotas.

E_{ =

S ii_l_l

ondenser

: '
=%
.

Compressor
Fridge

Relays are commonly used in
home appliances, like
refrigerators for example, where
there is an electronic control
turning on a motor.
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OP - AMPS

Amplifiers are devices that take a weak signal as an input An op-amp has two different inputs:
and produce a much stronger signal as an output. * The inverting input - Signals going into the inverting input will be
The operational amplifier (Op-amp) is a special kind of 1) amplified and 2) inverted (flipped).

amplifier.

the heart beat) and comparator.

Op-amps are integrated circuits that combine many
transistors, resistors and capacitors into a small silicon chip.
We can represent them in circuit diagrams as shown in the
following figure.

Applications - stereos, medical cardiographs (which amplify ]‘

1/0 of Inverting Op-amp

Non-inverting input +V supply

* The non —inverting input - Signals going into the non-inverting input will
be just amplified.

A A
Inverting input -V supply Output

1/0 of Non - Inverting Op-amp

{A) 741 Op-amp [B) Op-amp Circuit Diagram
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Gain of an operational amplifier

Op-amps have a high voltage gain of around 100,000. Negative
feedback is used to control the gain of an op-amp as shown below.

The gain of on op-amp with negative eedback ik calculzied by:

TC I
"I ( -/ |||“

A
AN

Goh= - —

Rin

Gain has no units and is just a mathematical value. The minus *-'
sign shows that the output will always be inverted when compared
to the input.

N e i WP | ) A S g
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| p—
—J
Rin 2 y i
— i 7
6
- 4
S
-9V
Voltage In
Voltage Out
ov

The output of the op-amp (Pin 6) is connected to the Negative
Input, making a negative feedback. Negative feedback used to
control the gain of an op-amp.
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Groiinid el . ]

Trigger ! T

555 Timer

Voo [+4.5 - 15V)

Discharge

Dutput 3 B Threshold

TTTT

Reset 4 5 Cantrol Voltage

The 555 timer is a single-chip version of a commonly used circuit called a
multi-vibrator.

It is used in a variety of timers, pulse generators, and oscillator applications.
The 555 timer IC contains a lot of transistors, resistors and diodes. It has 555 fimer schematic diagram
three 5 kQ resistors, thus has the name 555 timer.

We use 555 timers to produce an oscillated output. -
For example, we can use a 555 timer to make an LED blink ON and OFF.

555 timers allow us to choose how frequently this blinking should occur S T
(frequency). If we control the frequency, we are indirectly controlling the time, Descharge
thus the name ‘timer’.
The chip can be used for timing functions such as - turning on a light for a Thrashaid 8 3 |—— Outpuf
period of time, a warning light to flash on/off and produce musical notes.
The 555 timer IC operates in three modes which are, astable mode, Wi
monostable mode, and bistable mode. 1




