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B NYu THE BREADBOARD

A breadboard is a thin-plastic board used to hold and connect electronic components
and/or wires temporarily

* It is used for circuit prototyping, i.e., building an actual circuit to verify a theoretical
circuit design

Now:

Source Source

Source
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https://photodune.net/item/sliced-bread-on-wooden-cutting-board/22894314
https://learn.adafruit.com/breadboards-for-beginners/breadboard-tips-and-tricks?view=all
https://www.hackster.io/infoelectorials/ge-project-007-2-bit-binary-counter-project-40f046

THE BREADBOARD
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https://www.circuitbread.com/ee-faq/what-are-the-things-to-think-about-with-the-structure-of-breadboards
https://www.youtube.com/watch?v=q_Q5s9AhCR0

HOW A BREADBOARD WORKS

* The surface of the breadboard has holes
arranged in a grid pattern

* Electric component leads and the wires
used to connect them are inserted into these
holes

* A series of internal metal strips serve as
lumper_wires, they connect specific rows of
holes

Source
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https://www.lancasterschools.org/cms/lib/NY19000266/Centricity/Domain/1055/Breadboard.pdf

Envu BREADBOARD CONNECTIONS

1-30 are connected (even along the breaks, for example, between 5 and 6)

T aemas sassms i
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divider, i.e., not between g § Terminal Strips«(5-hele rows; connected) § +
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Source

NOTE: Same colored rows are connected internally
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https://static.eleshop.nl/mage/media/catalog/product/cache/10/thumbnail/1920x/040ec09b1e35df139433887a97daa66f/b/p/bps-bb400_top.jpg
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https://cdn.sparkfun.com/assets/3/d/f/a/9/518c0b34ce395fea62000002.jpg

Anvw BREADBOARD: GUIDELINES AND TIPS

To make troubleshooting easier: Os||—“|le0O0O00O| [oOoooOs|]—*-
a7 0o TO00G6G4O3 OEaOogOoar oo
o s 0o BE]E]EI.E]D_ pyarxaonfos 00
* Use the breadboard to connect majority of oa[oO||sBE0 T @a\=ad 00 0o
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: 12 2OO0O000 NOOO12
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* Use as few jumper wires as possible o [E2|[spoogo| |hooop-sRC
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* Keep jumper wires short to help avoid a = B Y “ooooo!| |Boo0ox. 0o
I I Ot 2100000 O0O00O2
jumble of wires o M= atatatal Clstatatata® g%
m = oooog oOooOO2s EE]
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* Make connections to resemble the circuit old| oo lkoooooT “oooo-| BN

schematic as close as possible souse o o
Breadboard circuit ~ schematic circuit
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https://learn.parallax.com/sites/default/files/content/Python/breadboard/png/schematic-vs-circuit.png

Bnwu BREADBOARD: GUIDELINES AND TIPS

e |IC chips must be the middle of  Cut component leads to _manageable
the breadboard, as shown below. lengths, to avoid short circuit and

maintain a clean circuit.

DWW W W W W W W w
O H N W N W N NN EEN
OMEEEEEEN LR B )
..

et A2 -~

Source

Source

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19


http://developer.wildernesslabs.co/Hardware/Tutorials/Electronics/Part6/LED_Lab/
https://hackernoon.com/how-to-build-a-circuit-breadboards-for-beginners

A BREADBOARD: GUIDELINES AND TIPS

Schematic
diagram

* Work from a circuit schematic and —
check off the connections on the

breadboard one by one

Real circuit using a solderless breadboard
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Battery ©0000O0DO0OO0OOOOOOOOOOOOOOOOO
Source
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https://www.allaboutcircuits.com/textbook/direct-current/chpt-5/building-simple-resistor-circuits/

Envu POWER SUPPLY MODULE

Input Voltage : DC 6.5 -12V

Output Voltage : DC 3.3V - 5V

Instead of directly powering the breadboard using a battery and connector (without
barrel plug),

A power supply module can be used to supply a constant voltage of 5V to the
breadboard using a battery connector (with barrel plug)
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NYU ACTIVITY -1

100 Q
L " e 8 B 1 00:Q+ . e
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Construct the circuit above using guidelines for proper breadboarding
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ACTIVITY - I

"'.Fmp L L
220 Q

Determine the error in this circuit
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ACTIVITY — 1l (SOLUTION)

Not connected
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WHAT IS ELECTRICITY

- Everything is made of atoms
- Atom consists of electrons, protons, and neutrons
- Flow of electrons is called electricity

Inzulated sheath
Copper wire

Mucleus

Electrons
in flux

Closed Circuit

Tube

® — —=

Marble Marble

Speed of electricity (learn more)

Electrons in a copper wire

Electric Circuit (Not to scale)

What materials allow electrons to flow?


https://firstresponder.domsafety.com/wp-content/uploads/2018/02/circuit_anim_v9.gif
https://www.wtamu.edu/~cbaird/sq/2014/02/19/what-is-the-speed-of-electricity/
http://www.hydroquebec.com/learning/notions-de-base/images/schema-atome.gif

Envu CONDUCTORS AND INSULATORS

Insulators: Some materials have strong attraction forces and refuse to lose
electrons, these are called insulators (air, glass, rubber, most plastics)

Conductors: Some materials have weak attractions and allow electrons to
be lost, these are called conductors (copper, silver, gold, aluminum)

&
\ Conductor(Metal)
—— Conducting Material
\ / / § Charged Body
Insulating Material (5’8\ :@ @ @ @
.| & I @OOE®E
Insulator

N
S
Wood 4?

Insulators Conductors

Concept of free electrons—> (Try Yourself)

What is the relationship between electrons and electricity?


https://javalab.org/en/conductor_and_insulator_en/

B NYU ELECTRIC CURRENT

4M— electron flow
- ® ® 00 00 0 0 0 | +
AQ o ¢ 00 00 0 0 0
YAy 1= 2 e
+ At EI fl /Convenhona current ) |
Conventional current ectron tlow v/is coventional current
/_>\| -

Electron flow

» Electric current is the flow of charge

« AQ is the amount of charge passing through a conductor at any location
during some interval of time AT

» Sl units of current: Amperes (A) 1A =1 Coulomb/second

« 1.602 x 10%° electrons/sec = 1A current

» Charge carriers are the electrons which flow out of the (-) terminal of the
battery and into the (+) terminal

What is the actual direction of current?


https://serpmedia.org/scigen/images/electrons-dc%20copy.gif?crc=57018027

By CURRENT DIRECTION: CONVENTIONAL

In the 1700s,
Benjamin
Franklin
considered
electricity
analogous to an
invisible fluid

Source

Experiment:

Rubs glass rod with silk cloth

Human hand touches the glass rod,
observes a spark (now known as static
electricity)

Conclusion:

Assumed that current flows from
positive (glass rod) to negative side
(hand)

Similar to how water flows from high
level to low level

What is the actual direction of current?

Invisible M
L) L ]

Positive
Because it has more
invisible fluid
Invisible Fluid === R

Hand must have less, so it's negative

Source



https://oll.libertyfund.org/person/benjamin-franklin
https://www.youtube.com/watch?v=MUh_dOcqgVw&t=59s

By CURRENT DIRECTION: ELECTRON FLOW

In reality:

Silk cloth removes the electrons from the glass rod
 Human hand provides electrons to the glass rod
 The electrons flow from negative to positive side,
l.e., the human hand is negatively charge and the

glass rod is positively charged

 QOpposite of what was assumed by Benjamin
Franklin

But ‘Electron’ was only proven to exist by Joseph Thomson in 1897

What causes these electrons to move?


https://azchemistry.com/atomic-theory-jj-thomson
https://www.youtube.com/watch?v=MUh_dOcqgVw&t=59s

NYU

CURRENT DIRECTION: CONCLUSION

Idea”y: BENTAMIN FRANKLINT
[ YES?
. T BRING A MESSAGE
Conventional FROMTHE FUTURE!
Current

T OONT ‘lHHVE MUCH TME. WHAT IS T2
THE CONVENTION YOURE SETTING
FOR. ELECTRIC CHARGE 1S BACKWARD,
THE ONE LEFT ON GLASS BY SILK
SHOULD RE THE NEGATWE CHARGE.

Source

Source

It should be known that electrons being the However, most textbooks and equations
charge carriers, the actual current direction

in the electrical domain
Is the that of electron flow

assume
conventional current direction

What causes these electrons to move?


https://me.me/i/me-running-to-the-right-me-running-to-the-left-0482a14982f74fc0a2ed29096d7bb145
https://www.explainxkcd.com/wiki/index.php/567:_Urgent_Mission

Envu BATTERIES

A battery produces electricity by transforming chemical
energy into electrical energy, using various metal electrodes
immersed in an electrolytic solution

- Batteries are the source of potential difference AV =V,-V, and
measured in Sl units of volts (V)

Copper : 3 _ &
electrode : : =
Zinc [n—:- ; Source rz.::' A
g . electiode copp: Alessandro Volta -
SOLUTION = inventor of electric cell

20 «—Glass vessel FINC g
LA n
<«—Dilute H2S04 0
c

" Circuit +| .-
_ symbol of I—
How batteries work Source battery:

Is there a simpler way to understand current and voltage?



https://www.youtube.com/watch?v=9OVtk6G2TnQ
https://www.duracell.com/en-us/product/coppertop-battery/
https://simple.wikipedia.org/wiki/File:ETH-BIB-Volta,_Alessandro_(1745-1827)-Portrait-Portr_02303.tif
https://scienceaid.net/images/7/72/cell1.jpeg

VOLTAGE AND CURRENT

Voltage - Pressure Current - flow of water

[T

[EETLTT

( High Pressure ( Low Pressure

High pressure = high flow rate

What kind of connections do we have for flow of electricity?


https://www.youtube.com/watch?v=kcL2_D33k3o&t=891s

Envu VOLTAGE AND CURRENT

woter ana[ogq for e[ec{'rici‘h?

&efotential

—

8/
Y

/\ < < Water analogy
A [ower tonl
<

flow of current
represzh‘hzd b¢1 arrows

What kind of connections do we have for flow of electricity?



https://sites.google.com/site/horwatscience/home/ap-physics-1/electric-circuits
https://arduinotogo.com/wp-content/uploads/2016/07/ch4-model-electricity-main-01-1.png

SERIES VS. PARALLEL CIRCUITS

>

What about components other than batteries and bulbs?



ENYu RESISTANCE

In 1850, Georg Simon Ohm determines that flow of electric current |
through a conductor experiences a certain amount of resistance

1
The resistance expressed in ohms, named after George ohm, is a AV R
measure of how much. A resistor resists the flow of electricity

This impediment to current flow is due to electron collisions
resulting in behavior called resistance

|4 |4
[xV > I=GXV91=E9R=79V=IXR

V=I1xRis called Ohm’s law
R is the resistance and G is the conductance in the circuit
Sl unit: Ohms, 1 Q = 1 volt /ampere souce
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https://hackster.imgix.net/uploads/attachments/973908/0_uXLiRvk_KBb9Cs3o.jpg?auto=compress%2Cformat&w=740&h=555&fit=max

RESISTORS

« All electrical components which represent a =
load in a circuit can be modeled as an 4=
impedance (a general form of resistance) voltage C_D Resistor §IVL

- Aresistor is a device that offers a specified Less resistance
amount of resistance and is used to I rrIIYIIYIA
control current in an electronic circuit ——

CZZTZ7 gy gl ZZ2
I rrra

More resistance

Source Source
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https://learn.sparkfun.com/tutorials/transistors/extending-the-water-analogy
https://protosupplies.com/product/resistor-680-ohm-5-1-4w-25-pack/
https://www.allaboutcircuits.com/uploads/articles/what-is-a-voltage-drop-in-an-electric-circuit-rk-aac-image1.jpg

Envu RESISTOR COLOR CODING

« Resistors are color coded by various bands to indicate Multiplier
the resistance value.

1*Band 2™ Band Tolerance

« The number of bands are usually 4 or 5. 15, 24 Bane
ignificant
Color I?igures Multiplier | Tolerance
. . Black 0 = 1
« The resistance value is calculated as shown \=Bmwn : ST Ty
Bl Red 2 =100  |£2% (G)
[[]orange 3 = 1K [£0.05% (W)
I | I [ ]vellow 4 10K |0.02% (P)
[]Green 5 = 100K |£0.5% (D)
D 6 < 1M [£0.25% (C)
Il vioet 7 < 10M  [£0.1% (B)
1* Digit 2™ Digit 3 Digit X Multiplier Tolerance DG p < 100M |20.01% (L
Black Brown Black Red Brown rey 1% L)
[ ]white 9 % 1G
0 1 0 X 102 %
[]Gold <01 |£5% (J)
10 x 100 = 1000 Ohms = 1KQ *1% Source DSierr <001 [+10% (K)
Source —
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https://premiumpost.co/wp-content/uploads/2021/10/5-band-resistor-color-code.png
https://www.calculator.net/img/resistor/4-band.png

MULTIMETER
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https://www.youtube.com/watch?v=TdUK6RPdIrA

ACTIVITY 1l

e Calculate resistor value

ey L i
based on color coding I-I I,@ | .
43t gnd & 3
K&

Digit Digit &

x10

4 x10* +4%
+0.25%

»
-

e Check using multimeter

EY

Yellow

| x10° |
| x10° |
Violet
Grey | x10° |
White 9 9 x10°
Gold x10™ +5%
Source P W _o
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https://www.te.com/content/dam/te-com/images/corporate/marketing/global/infographics/resistor-color-code-bands-3-4-1024.png

ACTIVITY 1l

e Calculate resistor values
based on color coding

e Check values with multimeter
readings
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ACTIVITY 11l (SOLUTION)

100 Q | 220 Q

1 kQ
330 Q

100 Q | 5.1kQ
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Envu RESISTORS IN SERIES

a-mfutential

-

hr-

* When connected in series, the total resistance
(R;) is equal to:

Rr =R, + R+ R, *+...

Source

* The total resistance is always larger than any
individual resistance.
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https://slideplayer.com/slide/7048416/

RESISTORS IN SERIES

Example :

— AW AN
50 10Q 62 R; = 15+10+6 = 31 Q

‘ | Current =1 = V/R; = 10/31 = 0.32 A
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EnNvu RESISTORS IN PARALLEL

« When connected in parallel, the total conductance (G;) is found otg | O pnAl
using

Battery/
G;=G,+G,+Gy+ ...

« and the total resistance is calculated using

Source

1 1 1 1

RA-R, TR, TRy

 Due to the reciprocal relationship, the total resistance is always
smaller than any individual resistance

« Since there is more than one possible path, the current divides
itself according to the resistance of each path
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https://slideplayer.com/slide/7048416/

EnNvu RESISTORS IN PARALLEL

—VW\——— Example :

smallest resistor = more current passes
largest resistor = least current passes
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NYU ACTIVITY - IV

() (1)

ooooooooooooooooo

lllllllllllllllll
.................
.................

Determine the connection type and calculate total resistance for each figure
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ACTIVITY — IV (SOLUTION)

(1)

Series Connection

Ry =2000 + 1000 = 3 kQ

2.99 kQ

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19



ACTIVITY — IV (SOLUTION)

(1 e

Parallel Connection | O A

1 1 1

R, 10000 ' 10000

11391N443IM0d:

Rp = 5000 Q

Series Connection

R; = 5000 + 10000 = 15 kQ
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ENYu RESISTOR

Circuit symbol for a resistor (fixed resistance)

—+— or  —AAN—

il

Current Limiting
Resistor

_

‘ Source

A resistor is a passive component that limits the electrical current flowing in a circuit
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https://i2.kknews.cc/KB26PkeP-V9siJzU7qt36dogosB5xMBj-4-qdOB65WE/0.jpg

Envu CHOOSING THE RESISTOR

Supply Voltage = V1 = 9V

LED Voltage =V2=3.6 V } H
LED current =20 mA =0.02 A oV .
20 mA | ’

_ AVAYAYAY >
V=IxR 270 Q | ‘
> R=(V2-V1)/I * g
> R=(9V-3.6V)/0.02 36V
> R=2700Q

Any resistor with a value above 270Q should work

The LED voltage and current rating will be provided by the manufacturer on the packaging / datasheet



VARIABLE RESISTOR

wiper turns with dial

resistive material

LUDA-6

EFFEOCTS

Source
Source

1 3

Source

2 i
Circuit symbol: 1—&—3 OR —7L— OR

Variable resistors consist of a resistance track with connections at both
ends and a wiper which moves along the track as you turn the spindle.

Source
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https://www.coda-effects.com/2015/12/potentiometers-and-guitar-effects.html?m=0
https://commons.wikimedia.org/wiki/File:Variable_resistor_symbol.svg
https://assets.becauselearning.com/images/files/000/002/297/original/image.png?1525208790
https://i0.wp.com/aisynthesis.com/wp-content/uploads/2016/07/Potentiometer-Anatomy.gif?ssl=1

K Nvu LIGHT DEPENDENT RESISTOR (LDR)

Typical LDR

Circuit symbol:

Resistance kQ

- An LDR is an input transducer (sensor) which converts brightness (light) to
resistance

- The resistance decreases as the brightness of light falling on the LDR increases
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https://theiotprojects.com/interface-ldr-photo-resistor-to-arduino-and-control-leds/
https://hackster.imgix.net/uploads/attachments/818696/ad267-2ddqzdezqf_djGLVFYhoY.jpg?auto=compress%2Cformat&w=900&h=675&fit=min
https://startingelectronics.org/beginners/components/LDR-photoresistor/LDR-photoresistor-symbol.png

Direction of current flow -

///

Anode Cathode s
(+) -) v

A diode is a two-terminal electronic component that conducts electric current in
only one direction
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https://www.jameco.com/Jameco/workshop/Howitworks/diode-fig1.jpg
https://robu.in/wp-content/uploads/2019/11/1N4007-1W-Diode-Pack-of-30-2.png

Envu LIGHT-EMITTING DIODE (LED)

g 2

A —[>|—”
Anode Cathode

light emitting diode

Source Source

Circuit Symbol

Source

A Light emitting diode is simply a diode that lights up when current flows
through one direction
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https://cdn.sparkfun.com/assets/learn_tutorials/3/1/8/LED.png
https://cdn.kastatic.org/ka-perseus-images/7e12795c2c4153585c25efff09dcb25ecff0530f.svg
https://core-electronics.com.au/media/wysiwyg/tutorials/Tim/High-Power-LED-Guide/1_Schematic_Symbol_of_Diode_and_Led.png

LED POLARITY

Rounded Flat siqe i
side (Negative) "\ Q- diode

(Positive)
A~ / I
Longer lead Shorter lead . | ’
(Positive) (Negative)
\ -

Source Source

+ -— = maga .
_ light emitting died
‘ CI)J ight emitting diode

A Light emitting diode is simply a diode that lights up when current flows
through one direction
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https://core-electronics.com.au/media/wysiwyg/tutorials/Tim/High-Power-LED-Guide/1_Schematic_Symbol_of_Diode_and_Led.png
https://owlcircuits.com/resources/how-to-determine-led-polarity/led_example.png

DIODES AND LEDS

Never connect the LED or Diode circuit without resistor - Very dangerous — such
a connection will burn the LED and other possible components in the circuit

it
Why do I need you!?
Because i'm

- awesomelll

| .

©

:
e.g.-50V o
= —

V
Reverse P v
0.7V ~ Silicon
0.3V ~ Germanium

c
3
S
X~ + V -
(1]
2 —DI— Source
@ W —

Source
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https://electronicguidebook.com/why-do-leds-need-resistors/
https://cdn.sparkfun.com/assets/4/4/a/5/b/5175b518ce395f2d49000000.png

NYU

DIODES AND LEDS

Never connect the LED or Diode circuit without resistor - Very dangerous — such
a connection will burn the LED and other possible components in the circuit

I'/\
© .
r;u Battery Resistor
s - — »
= Reverse V. v X = 4
0.7V ~ Silicon
0.3V ~ German ium
: —
3
_8 Source
+ V -
E SAFE WAY TO USE LED
& _)Dl,.
v

Source
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https://cdn.sparkfun.com/assets/4/4/a/5/b/5175b518ce395f2d49000000.png
https://www.sciencebuddies.org/IHVk_5ihahc4UVlmyqX4iTnxhsk=/800x244/-/https/www.sciencebuddies.org/Files/5131/5/battery-resistor-led-circuit-photo-drawing-diagram_img.jpg

Envu ACTIVITY -V

Construct this circuit and check if brightness of LED changes with variable resistor (10 kQ)
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ACTIVITY — V (SOLUTION)

Using variable resistor to control LED brightness
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https://drive.google.com/file/d/14mTAQ3t8zVoRqZQOlL1sLwRIRG7YAXYw/view?usp=sharing
https://drive.google.com/file/d/14mTAQ3t8zVoRqZQOlL1sLwRIRG7YAXYw/view?usp=sharing

Envu TRANSISTORS

- A transistor is like an electronic switch
- |t can turn a current on and off

- A Bipolar Junction Transistor (BJT) has three pins: Base (b), collector (c), and
emitter (e)

« BJT comes in two versions: NPN and PNP

1. Emitter
2. Base
3. Collector

Fun fact: The 3rd Generation Intel® Core ™ processor — quad core, contains 1.48 billion transistors o1


https://niallbunting.com/assets/images/daily/2020-06-29-npn-pnp-circuit-diagram.png
https://www.youtube.com/watch?v=Mcgq3VYMQ2Q
https://www.build-electronic-circuits.com/wp-content/uploads/2014/05/transistor-in-a-circuit-21.jpg

EnNvu HOW TRANSISTORS WORK

- The transistor works because of the way p- and n-type semiconducting materials are
sandwiched

- A current flowing from the base to the emitter “opens” the flow of current from the
collector to the emitter

It allows
It allows

a larger a larger
B ) current to B ) current to \
- flow here < + \v2
\\ flow here — Jov
If a small \ A If a small \' a
current v current
flows E flows E 2N3004
here here
NPN Transistor PNP Transistor

Source Source v
Water analogy

Source
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http://www.reuk.co.uk/OtherImages/transistor-model.gif
https://www.robotshop.com/community/uploads/a/b/abram/Transistors/NPN%20vs%20PNP%20Transistors%206.jpg
https://i.stack.imgur.com/8j4Wl.png

CAPACITOR

Capacitor in action

o p Electrode surface HOW Elecfricif\j WOF"kS

area :§
Electrode 283> Capacitors

+
\\\\ Capactters stare alectric chargs
\
Dielectric
+ (dielectric constant : £) -
Conductor
Electrode 7
Source Capaciter

Charging

. Clrcutt
Non-polarized Polarized Closed

distance :d

Source

TheEngnasringhandeat.com

« A capacitor is a passive electronic component that stores energy in the form of an
electrostatic field

- The capacitance is directly proportional to the surface areas of the plates and is
inversely proportional to the separation between the plates

« Capacitance also depends on the dielectric constant of the substance separating
the plates
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https://theengineeringmindset.com/wp-content/uploads/2018/01/how-capacitors-work.gif
https://www.robotshop.com/community/uploads/a/b/abram/Capacitor.jpg
https://www.tdk.com/en/tech-mag/sites/default/files/2019-06/img_electronics_files_primer_vol1_1_4.gif

SPEAKER

Speaker working

Circuit permanent
symbol: cot

Cust cap

T ——
Inner suspension
(speder)
Source Source Cuter suspersion

Source (srreund)

- A speaker is an electroacoustic transducer that converts an electrical signal into
sound

- The speaker moves in accordance with the variations of an electrical signal and
causes sound waves to propagate through a medium such as air or water
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https://fabacademy.org/2019/labs/ied/students/eduardo-segovia/images/week12/week12_speaker.gif
http://www.clipartbest.com/cliparts/4ib/6pr/4ib6prqrT.png
https://www.pngwing.com/en/free-png-hnkrj
https://www.school-for-champions.com/science/images/electromagnetic_devices_loudspeaker.gif

MECHANICAL SWITCHES

Note: S — Single, D— Double, P — Pole, T - Throw

oo

oo oo
lﬁ/ SPST DPST

Source _0""’0_

G—
‘ o SPDT DPDT

In electrical engineering, a switch is an electrical component that can "make" or "break"
an electrical circuit, interrupting the current or diverting it from one conductor to another

Source

Source
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https://www.jaycar.com.au/medias/sys_master/images/images/9661998497822/SP0601-1-4mm-spst-micro-tactile-switchImageMain-515.jpg
https://mechatrofice.com/wp-content/uploads/2020/12/switch-SPST-DPST-SPDT-DPDT.png
https://mgispeedware.com/wp-content/uploads/2020/01/dpst.jpg
https://5.imimg.com/data5/NB/BH/MY-45392558/spdt-toggle-switch-500x500.jpg
https://cdn.sparkfun.com/assets/6/e/d/9/0/517edbabce395fd51d000000.png
https://www.smeshops.com/images/thumbnails/250/250/detailed/1246/SKUB4626809.jpg?t=1563014667

ACTIVITY - VI

Construct circuit such that switch can turn on and off LED
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ACTIVITY - VI (SOLUTION)

PR
- g
-

| TE055% wesss swmsss swsusss sweses
EEEME EEEEE EEEEE sEwEw

ww| ggww -

Video

Turning an LED on/off using a mechanical switch
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https://drive.google.com/file/d/1cCY7nh-1U3NT92eeRguDTWfHRze915gb/view?usp=sharing
https://drive.google.com/file/d/1cCY7nh-1U3NT92eeRguDTWfHRze915gb/view?usp=sharing

NYU

DC motor working:

Source

Source

- Motors are often used to turn wheels, gears, cams or pulleys
- Motors have two terminals that connect to a battery
- The direction of the turning depends on the way the battery wires are connected

to the terminals

Promoting Robotic Design and Entrepreneurship Experiences Among Students and Teachers

Innovative Technology Experiences for Students and Teachers (ITEST), Professional Development Program, NYU Tandon School of Engineering, July 2017-19


https://gfycat.com/absolutesillyindianglassfish
https://www.indiamart.com/proddetail/dc-motor-small-size-3-to-9v-3000rpm-12388061791.html
https://lh3.googleusercontent.com/-5EwSqFrDnuM/X6-rCTWsPdI/AAAAAAAAAk4/ru0u5_GWZMM0PunhRGducXdlOscIpDkagCLcBGAsYHQ/image.png

@A~ \WWHAT DIGITAL ELECTRONICS DO YOU USE?

Computer

CD & DVD players
IPod

Cell phone

HDTV

Source
Digital cameras
EA7S5aN
{ \\
Source Source e ‘\—‘ — 5 Source
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https://img.freepik.com/free-vector/hand-drawn-smart-home-concept_23-2147850775.jpg?w=826&t=st=1659352541~exp=1659353141~hmac=65952f5b03f172d9662486222c48539c86effa340ad8a4bef2228fd904a1cdbf
https://static.turbosquid.com/Preview/001307/395/8E/_Z.jpg
https://m.media-amazon.com/images/I/513QSTCRYCL._AC_.jpg
https://www.stuff.tv/wp-content/uploads/sites/2/2021/08/1-ipod.jpg
https://p.turbosquid.com/ts-thumb/0S/sNHM6S/xCGSLRdl/digitalcamerageneric3dmodel01/jpg/1440849755/1920x1080/fit_q99/3911fb944019cb99e233d603529da9a90d5217e8/digitalcamerageneric3dmodel01.jpg

WHAT IS DIGITAL ELECTRONICS?

* Most signals in real life are not digital. For example, sound
Is an analog signal

* OnaCD, digital sound is encoded as 44.1 kHz, 16 bit
audio

o The original wave is 'sliced' 44,100 times a second —
and an average amplitude level is applied to each .
sample

o 16 bit means that a total of 65,536 different values can
be assigned, or quantized to each sample

* DVD-Audio can be 96 or 192 kHz and up to 24 bits
resolution

* To control things like switches we need true or
false decisions, which is basically digital electronics

Source
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https://media.hswstatic.com/eyJidWNrZXQiOiJjb250ZW50Lmhzd3N0YXRpYy5jb20iLCJrZXkiOiJnaWZcL2NlbGwtcGhvbmUtcHJvY2Vzc29yLmpwZyIsImVkaXRzIjp7InJlc2l6ZSI6eyJ3aWR0aCI6Mjg1fX19
https://upload.wikimedia.org/wikipedia/commons/e/e1/Digital.signal.png?20051023173750

Bnvw GEORGE BOOLE — Father of Boolean Algebra

» George Boole, a British mathematician
(1815-1864) proposed
logic and math are equivalent

AND

 All math functions can be determined using
these 3 primary Boolean logic operators:
AND, OR, and NOT

OR

« AND narrows your search,
OR broadens your search, and

NOT is used to exclude concepts NOT

Source
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https://mychartguide.com/wp-content/uploads/2020/07/Venn-Diagrams.jpg.webp

Bnvu THE AND OPERATOR (INTERSECTION)

River AND Salinity ’

Dair
prodilj ot ‘ Exported
A
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Envu THE OR OPERATOR (EITHER, ANY)

_ Vegetables
Fruits OR Vegetables

‘ Vegetables
Fruits OR Vegetables OR Cereal ’V‘
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THE NOT OPERATOR

Fruits NOT Apples

Apples

Look at the Boolean Machine https://www.rockwellschrock.com/rbs3k/boolean/
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https://www.rockwellschrock.com/rbs3k/boolean/

BASIS FOR DIGITAL COMPUTERS

It’s

II binary at Iow IeveI

L

- The true-false nature of Boolean
logic makes it compatible with
binary logic used in digital
computers

s 'VI‘
.) ¥ m

- Electronic circuits can produce

Source

Boolean logic operations A
B
A—D‘O-F AND
. . F=AB F=A+B
- Circuits are called gates Inverter
F=A AB|F A B|F
> NOT Ar 00]0 0 0]0
1lo 10|0 1 0{1
1 1111 o

> OR 11
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https://content.instructables.com/ORIG/F94/JZV3/IYYTP54L/F94JZV3IYYTP54L.png?auto=webp&frame=1&fit=bounds&md=729b14adb3a6932d0b5df96fe46b18fd
https://static01.nyt.com/images/2017/09/10/business/11money-alt/11money-alt-superJumbo.jpg?quality=75&auto=webp
https://linux.mainframe.blog/wp-content/uploads/2017/07/P1190195_2048-894x1024.jpg

‘NOT" GATE

« The simplest possible gate is called an "inverter," or a NOT
gate

- One bit as input produces its opposite as output

« The symbol for a NOT gate in circuit diagrams is shown
below

« The logic table for the NOT gate shows input and output o A NOT B
A Q A Q
oV A @ Q 5V 0 |1
5V - 0)Y] 1
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https://media.lib.unb.ca/research/images/A%20NOT%20B.jpg
https://www.autodesk.com/products/eagle/blog/wp-content/uploads/2017/05/640px-Not-gate-en.svg_.png

‘AND’ GATE

- The AND gate has the following symbol and logic table
- Two or more input bits produce one output bit

- Both inputs must be true (1) for the output to be true
- Otherwise, the output is false (0)

A AND B

Source

AND

_A
=B

Rk |lo|lo|>
Rlo|lr|o|m
Rrlo|lo|o|o

Source
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https://cdn.sparkfun.com/assets/3/4/7/5/e/51e5c089ce395f8d16000000.png
https://media.lib.unb.ca/research/images/A%20AND%20B.jpg

‘OR’ GATE

- The OR gate has the following symbol and logic
table

- Two or more input bits produce one output bit

- Either inputs must be true (1) for the output to be
true

A OR B

Source

A

RlRr|lOo|lOo|>
Rlo|r|Oo|m
LA k=Ve)

Source
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https://cdn.sparkfun.com/assets/3/4/7/5/e/51e5c089ce395f8d16000000.png
https://media.lib.unb.ca/research/images/A%20OR%20B.jpg

COMBINE GATES — EXERCISE 1

Gates can be combined

The output of one gate can become the input of another
Try to determine the logic table for these circuits

T e -
LT T L ot

p q (p OR ) AND (NOT(p AND g)) P q
) ) 1 1
1 0 1 0
0 1 0 1
0 9 0 0
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EXERCISE 1- SOLUTION

p
H P AND

I = e

P q (p OR q) AND (NOT(p AND q)) P 9 NOT ((p AND q) OR q)
1 1 0

1 1 0

1 0 1 1 0 1

0 1 4 0 1 0

0 0 . 0 0 1
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EXERCISE

O, |O|PF

9
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p- A B | NOT[A OR B] OR (A AND B)

1
AND | 1

0

0 1
A B (NOT[A] AND NOT[B]) OR (NOT{(NOT[A]) OR (B)})
1 1 0
1 0 1
0 1 0
0 0 1
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Envu CONCLUSION/CONTRIBUTIONS OF LESSON

« Most important concepts learned in: (i) lesson and (ii) task

« Contributions of lesson and task with respect to the entire PD program (only
major/core contributions)

« How the information learned in this lesson will be beneficial for the next
topic/lesson? (transition to next lesson)

* Important outcomes and findings?
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Thank You!

Questions and Feedback?
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