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- Machine to Machine communication (M2M)
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Any TIME connection

* On the move

» Qutdoors and
indoors

 Night +» On the move
-Daytime » Qutdoors

* Indoors (away from the PC )

« At the PC
~Jd Any PLACE connection

» Between PCs

* Human-to-Human (H2H), not using a PC

- Human-to-Thing (H2T), using generic equipment
* Thing-to-Thing (T2T)
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_ complex management
LAN / Internet
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) mobile phone

@ Hi-Fi

O rc

©) gate

() door

€0 light

@ router
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() security system

(& thermometer

Smart House

(@ air-conditioning
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o Amazon Echo
Amazon Echo
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NodeMCU e@®8gE wewr 918@00nsT e®scm e B8®0 MicroPython ©i8m0 8800 ¢das »H®
g eewo https://docs.micropython.org/en/latest/esp8266/esp8266/tutorial/intro.html
0908 C8m»w cvewdd moon wfa.

Arduino @8z D1Re0usT w@sicme BB yoLewss ARed slnemed Arduino ®agmevw

BOmw mOom ¢Rs. 96O NodeMCU e®@8@ce 00mnedsy dans @m0 ®agmi® @m0l
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Arduino IDE ®agmancnw edsme BB
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.0,

ARDUINO HOME STORE [ aa?VI] EDUCATION RESOURCES COMMUNITY HELP

SOFTWARE ONLINE TOOLS ENGLIS
DOWNLOADS

Download the Arduino IDE

Windows installer, for Windows XP and up
Windows zIP file for non admin install

ARDUINO 1.8.9 Windows app Requires Win 81 or 10
The open-source Arduino Software (IDE) makes it easy to setfa

write code and upload it to the board. It runs on ' '
Windows, Mac OS5 X, and Linux. The environmentis
written in Java and based on Processing and other open-
source software.

This software can be used with any Arduino board. Linux 32 bits
Refer to the Getting Started page for Installation Linux &4 bits
instructions.

Mac OS5 X 10.8 Mountain Lion or newer

Linux ARM 32 bits
Linux ARM 64 bits

Release Notes
Source Code
Checksums (sha512)

Bwdd 2- s §18580wesy eus¥r &8 §20wd Pagme®w BYe Gadd®®» WOBIB.

HOME STORE SOFTWARE EDUCATION RESOURCES COMMUNITY HELP

Contribute to the Arduino Software

Cansider supporting the Arduino Software by contributing to its development. (US tax payers, please note this contribution
be

is not tax deductible). Learn more an how your contribution will

SINCE MARCH 2015, THE ARDUINO IDE HAS BEEN DOWMLOADED
P ER R TIMES. (IMPRESSIVE!) MO LOMGER JUST FOR ARDUIND AND
GCENUINO BOARDS, HUMDREDS OF COMPANIES AROQUND THE WORLD ARE
USINC THE IDE TO PROGRAM THEIR DEVICES, INCLUDING COMPATIBLES,
CLONES, AND EVEN COUNTERFEITS. HELP ACCELERATE ITS DEVELOPMENT
WITH A SMALL CONTRIBUTIOM! REMEMBER: OPEN SOURCE IS LOVE!

53 $5 $10 $25 $50 OTHER

JUST DOWNLOAD CONTRIBUTE & DOWNLOAD
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8w 3 - ®agmenw 88eemmB HE O WIBID

'

Opening arduino-1.8.5-windows.exe >

You have chosen to open:
[®] arduino-1.8.5-windows.exe

which is: Binary File (80.4 MB)
from: https://downloads.arduino.cc

Would you like to save this file? i

:

Bwdd 4 - vt ¢ cuecd 8EuednT, Pagmvw s8nemmw NE ® WS O1$h® 8Bewo
800 CRecHIB)

@ Arduino Setup: License Agreement — *

Please review the license agreement before installing Arduino. If you
2.0 accept all terms of the agreement, did: I Agree.

",:."NU LESSER. GEMERAL PUBLIC LICEMSE ~
Version 3, 29 June 2007
Copyright (C) 2007 Free Software Foundation, Inc. <htto://fsf.orgf=

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

This version of the GMU Lesser General Public License incorporates the terms
and conditions of version 3 of the GNU General Public License, supplemented
by the additional permissions listed below.

L

Cancel | Mullsaft Inskall Syskem «3.0

BwOd 5 - dresmye mE Wn 83:00m 0B eBIB).

@ Arduino Setup: Installation Options — >

Checdk the components you want to install and unchedk the components
2.0/ you don't want to install. Click Mext to continue.

Select components to install:

Install USE driver

Create Start Menu shortout
Create Desktop shortout
Assodate .ino files

Space reguired: 482, 4B

Cancel | Kullsoft Install System v3.0 < Badk | Mext = I

Versionl-Draft




8w 6 s9m Gm0wd ADO Bagm®re®O® VIO WE {7 @MY DVICO eIL®BIH.

@l Arduine Setup: Installation Folder — >

Setup will install Arduino in the following folder, To install in a different
o folder, dick Browse and select another folder. Click Install to start the
installation.

Browse... |

"Desﬁnaﬁun Folder

Space required: 482, 9MB
Space available: 41.58GE

Cancel | Mullsoft Tnskall Systemn w30 < Back | Install I

@ Arduine Setup: Installing —

Extract: libatmega165p.a
S

]

Cancel | Mullsaft Imskall Syskem 3.0 < Back | Close |

8w T -®agmaemnw esmw 3dws’ 8e®sY @mndid mYOD D ¢8I
I'_F:'J'I Arduing Setup: Completed -

Completed
——
Show details |

Cancel | Mullsaft Install Syskem 3.0 < Back. | Close I
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Bwdd 8 - dbisme moosIzn ¢ Arduino ®agmevw S0an BBe®EY gy svm ©0VEHS
gomnded YO RO ded

&8 sketch_may25a | Arduino 1.8.9 - O X
File Edit Sketch Tools Help

sketch_may25a

wold setup() { ]
// put your setup code here, to run once:

}

wvoid loop() {
J/ put your main code here, to run repeatedly:

|

8w 9 - NodeMCU e@&igcs edmedsy ¢das ¢@n0 @agme® 000 Omn 3 Oh®
File -> Preference -> Additional boards manager URL 9838 wzy
http://arduino.esp8266.com/stable/package esp8266com_index.json wsis &mcs
=3 OK oy

&% sketch_may25a | Arduino 1.8.9 - O X

File Edit Sketch Tools Help

Mew Ctrl+M

Open... Ctrl+0

Open Recent

Sketchbook

Examples 5 [F2, TO IUn once:
Close Ctrl+W

Save Ctrl+5

Save As.., Ctrl+5hift+5

e, to run repeatedly:
Page Setup  Ctrl+5hift+P
Print Ctrl+P

Preferences  Ctrl+Comma

Quit Ctrl+

Versionl-Draft


http://arduino.esp8266.com/stable/package_esp8266com_index.json

Preferences

Settings  Netwark

Sketchbook location:
C:\sersmy'\Documents\Arduino
Editor language:
Editor font size: 12
Interface scale:

Theme:

Compiler warnings: MNone

[] Display line numbers

[[] Enable Code Folding

Verify code after upload

[] Use external editor

Aggressively cache compiled core
Check for updates on startup

Save when verifying or uploading

Additional Boards Manager URLs:

8w0d 10 - NodeMCU e@&gewe ®¢n 8300 mE@emmd ead (board manager) @dosmes

51610}

System Default

Automatic

Default theme -~

i

L

100 - (% (requires restart of Arduino)

(requires restart of Arduina)

Show verbose output during: [_] compilation [ upload

Update sketch files to new extension on save (.pde -= .ino)

Maore preferences can be edited directly in the file
C:\Users\my\AppDataLocal\Arduino 15\preferences. bet

Browse

(requires restart of Arduina)

http:/farduino. espd 266, com/stable jpackage_espd266com_index. json

Tools -> Board (...) -> Boards manager->esp8266-> install

€8 sketch_may25a | Arduino 1.8.9
File Edit Sketch Tools Help

Auto Format
Archive Sketch

sketch_may2s

wvold setup()
Sf put your . .
Serial Monitor

1 Serial Plotter

void loop() [
f/ put your

VTables: "Flash

Port
Get Board Info

Fix Encoding & Reload

Manage Libraries...

WiF101 S WiFiNINA Firmware Updater

Board: "NodeMCU 1.0 (ESP-12E Module)"
1 Upload Speed: "115200"

CPU Frequency: "80 MHz"

Flash Size: "4M (no SPIFFS)"

Debug port: "Disabled"”

Debug Level: "Mone”

wlP Variant: "v2 Lower Memory”

Exceptions: "Disabled”
Erase Flash: "Only Sketch”

Ctrl+T

Ctrl+Shift+]

Ctrl+5Shift+M
Ctrl+Shift+L

Versionl-Draft

Boards Manager...

F Y

Arduino AVR Boards

Arduine Yin

Arduing/Genuine Uno

Arduine Duemilanove or Diecimila
Arduinc Mano

Arduino/Genuino Mega or Mega 2560
Arduine Mega ADK

Arduino Leonardo

Arduine Leonardo ETH
Arduino/Genuine Micro

Arduine Esplora

Arduing Mini

Arduing Ethernet

Arduine Fic




@E‘ Boards Manager X

Type |All

r your seardh...

Arduino AVR Boards Euilt-In by Arduino version 1.6.23 INSTALLED Y
Boards included in this package:

Arduino Yun, Arduino/Genuing Uno, Arduino Uno WiFi, Arduing Diecimila, Arduine Nano, Arduino/Genuing Mega, Arduino

MegaADK, Arduino Leonardo, Arduino Leonarde Ethernet, Arduino/Genuine Micro, Arduino Esplora, Arduino Mini, Arduino Ethernet,
Arduino Fio, Arduino BT, Arduino LilyPadUSE, Arduine Lilypad, Arduine Pro, Arduino ATMegaNG, Arduino Robot Control, Arduino

Robot Motor, Arduino Gemma, Adafruit Circuit Playground, Arduine Yan Mini, Arduine Industrial 101, Linino One.

Cnline help

More info

Arduino megaAVR Boards by Arduino
Boards included in this package:
Arduino Uno WiFi Revz.

Online help
Mare info

Arduino SAM Boards (22-bits ARM Cortex-M2) by Arduino

Boards included in this package:

Arduino Due.

Cnline help

More info i

| Downloading platforms index...

"e:,a' Boards Manager X

Type | Al w | |espB266

esp8266 by ESP3266 Community version 2.5.0 INSTALLED -
Boards included in this package:

Generic ESP8266 Module, Generic ESPE8285 Module, ESPDuino (ESP-13 Module), Adafruit Feather HUZZAH ESPS8266, Invent One,
XinaBox CWO01, ESPresso Lite 1.0, ESPresso Lite 2.0, Phoenix 1.0, Phoenix 2.0, NodeMCU 0.9 (ESP-12 Module), NodeMCU 1.0
{ESP-12E Module), Olimex MOD-WIFI-ESPE266(-DEV), SparkFun ESPE266 Thing, SparkFun ESP8266 Thing Dewv, SweetPea

ESP-210, LOLIN(WEMOS) D1 RZ & mini, LOLIN{(WEMOS) D1 mini Pro, LOLIN{WEMOS) D1 mini Lite, WeMos D1 R1, ESPino (ESP-12
Module), ThaiEasyElec's ESPino, Wiflnfo, Arduino, 40 Systems gend IoD Range, Digistump Oak, WiFiduino, Amperka WiFi Slot,

Seead Wio Link, ESPectro Core.

Cnline help

Mora info

Select version ~ Install Update Remaove

Close

8Bwod 11- 800 €0 8xd dhsmew BBe®xT eyd, 53 @» Tools -> Board (...) ed»
@oed NodeMCU 1.0 (ESP-12E module) endds os3z
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&8 sketch_may?5a | Arduing 1.8.9
File Edit Sketch Tools Help

Auto Format
Archive Sketch

sketeh_may23 Fix Encoding & Reload

vold setup()
f/f put your|

Manage Libraries...
Serial Monitor

1 Serial Plotter

void loop() E
// put your|
} Upload Speed: "113200"
CPU Frequency: "80 MHz"
Flash Size: "4M (no SPIFFS)"
Debug port: "Disabled”
Debug Level: "MNone"

VTables: "Flash"
Exceptions: "Disabled"”
Erase Flash: "Only Sketch”
Port

Get Board Info

Programmer: "Atrmel-1CE (AVR)"

IwlIP Variant: "v2 Lower Memory"

Ctrl+T

Ctrl+5Shift+|
Ctrl+Shift+M
Ctrl+Shift+L

WiF101 / WiFININA Firmware Updater

Board: "ModeMCU 1.0 (ESP-12E Module)”

Boards Manager...

F Y
ESP8266 Boards (2.5.0)
Generic E5P8266 Module
Generic ESP8285 Module
ESPDuino (ESP-13 Module)
Adafruit Feather HUZZAH ESP3266
Invent One
KinaBox CW01
ESPresso Lite 1.0
ESPresso Lite 2.0
Phoenix 1.0
Phoenix 2.0
ModeMCU 0.9 (ESP-12 Module)
MNodeMCU 1.0 (ESP-12E Module)
Olimex MOD-WIFI-ESP8266(-DEV)
SparkFun ESP8266 Thing

8Bwdd 12 - sun Guwdves’ eusId &8 68, NodeMCU e@&gcwe micro-USB eaces’
O8s Red sioemmwd wd®BIRD wJ, Arduino agmewed board manager eOnm e®ied

NodeMCU e@@ycw emddnsIs.

1.9 @@88 @ded Arduino Board 90 ¢oc 59000 80 Beme gn®
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&8 sketch_may28a | Arduino 1.8.9
File Edit Sketch Tools Help

Auto Format
Archive Sketch
sketch_may28 Fix Encoeding & Reload
vold setup() Manage Libraries...
/4 pat your Serial Menitor
1 Serial Plotter

void loop() { WiFi101 / WiFiNIMNA Firmware Updater

t T,
/4 put your Board: "Arduino/Genuino Uno"
1 Port "COMYT (Arduino/Genuino Uno)"

Get Board Info

Programmer: "Atmel-1CE (AVR)"

Burn Bootloader

Ctrl+T

Ctrl+Shift+1
Ctrl+Shift+M
Ctrl+Shift+L

(¥

Boards Manager...

il

Arduino AVR Boards

Arduino Yuin

Arduine/Genuine Uno

Arduine Duemnilanove or Diecimila
Arduino Mano

Arduino/Genuinoe Mega or Mega 2560
Arduino Mega ADK

Arduino Leonarde

Arduino Leonarde ETH
Arduino/Genuine Micro

Arduino Esplora

Arduine Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LilyPad Arduino USB

LilyPad Arduino

957 6530 v ©» Tools -> Port @0» exnied NodeMCU 83530 8 @8 COM Port & endds

®OBIB.

NodeMCU #2462

Versionl-Draft
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2 sketch_may25a | Arduino 1.8.9

File Edit Sketch Tools Help

sketch_may2h

void setup()
/7 put your

1

void loop() E
S/ put your

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter

WiFi101 / WiFiNINA Firmware Updater

Board: "ModeMCU 1.0 (ESP-12E Module)”

Upload Speed: "115200"

CPU Frequency: "30 MHz"

Flash Size: "4M (no SPIFFS)"
Debug port: "Disabled”

Debug Level: "None”

wiP Vanant: "vZ Lower Memory"
VTables: "Flash"

Exceptions: "Disabled”

Erase Flash: "Only Sketch”

Paort: "COMY (Arduino/Genuino Uno)"
Get Board Info

Ctrl+T

Ctrl+ Shift+]
Ctrl+Shift+M
Ctrl+Shift+L

Serial ports
¥ COM7 (Arduino/Genuino Uno)

Rw22:00® 1 - Arduino Uno 696;008 98 LED 99w ¢;E8®

2O ¢atde®.

1. NodeMCU / Arduino Uno g26®
2. Micro USB &wdes

NodeMCU 52699 , Micro USB Dw6w @530 »dsis

Qwn BEHC WE @owd ESP 8266 3500 mE®emmmd 2@l edsmew mdn 80 ¢ w@n®
NodeMCU e@:8@Ew 636w ¢ ¢onden ©€nsndn ¢ dtems ed8. LED dEawes ¢dd® o8y
OB O e B wewo Arduino @agmcvw 8dam w0, file -> Examples -> ESP 8266 ->
Blink 0®500s7 d¢ enddozsys
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&8 sketch_may23a | Arduinc 1.8.9 - Ll >
File Edit Sketch Tools Help

MNew Ctrl+N
Open... Ctrl+ 0
Open Recent *
Sketchbook » ~
Examples L A&
Clase CirleW 10.5tarterkit_BasicKit ¥
Save Cirl+S 11.ArduinolSP *
. Blink
Save As... Ctrl+Shift+3 Examples for any board i
T, - BlinkPolledTimeout
. t t
PageSetup  Ctrl+Shift+P —eE R BlinkWithoutDelay
- Brid
Print Ctrl+P Heas CallSDKFunctions
Fthemet CheckFlashConfi
eckFlashCenfig
Preferences  Ctrl+ Comma Firmata o
ConfigFile
: LiquidCrystal
Quit Cirl+Q 4 g4 HeapMetric
SD
125Input
St
S 125Transmmit
Temboo . .
interactive
RETIRED
NTP-TZ-DST
Examples for ModeMCU 1.0 (ESP-12E Module) RTCUserMemory
ArduinoOTA SerialDetectBaudrate v
DMSServer SenalStress
EEPROM SigmaDleltaDemao
ESP2266 b TestEspApi

o 380 NodeMCU 06008 6868m LED 9w ¢ B ww BO® wews @ oin sun
00 VRO 0BEBID) # B

® oxriug ¢wor @B upload e@THO® 9O OB, e eFnwe wdsiemw NodeMCU
300100 BCE WOOBIB

o NodeMCU 05008 &8s LED aEaw i@ wy B ¢umon viBe.
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ED sketch_may?25a | Arduino 1.2.9

File Edit Sketch Tools Help

void 1
// B

&9 Blink | Arduino 1.3.9
File Edit Sketch Tools Help

wold setup() {
pinMode (LED_BUILTIN, OUTFUT): /f Initialize the LED BUILTIN pin as an output

1

// the loop function runs over and over again forever
wold loop() {
digitalWrite (LED_BUILTIN, LOW); f{ Turn the LED on (Note that LOW is the woltage lewel
/¢ but actually the LED is on; this is because
/4 it is actiwe low on the ESP-01)
delay (1000} ; // Wait for a second
digitalWrite (LED BUILTIN, HIGH); // Turn the LED off bv making the woltage HIGH

€3 Blink | Arduino 1.8.9

File Edit Sketch Tools Help

Versionl-Draft
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€9 sketch_may28a | Arduino 1.8.9
File Edit Sketch Tools Help

Mew

Open...

Open Recent
Sketchbook
Examples
Close

Save

Save As..,

Page Setup
Print

Preferences

Cuit

Ctrl+M
Ctrl+0
Fil
‘ Built-in Examples
7 01.Basics
Curl-W 02.Digital
Ctrl+S 03.Analog
CtrleShift+3 0d.Communication
Ctrl+Shift+P 03.Control
Ctrl+P 06.5ensors
Ctrl+ Comma E;;I::::
Ctrl+Q 09.USB
10.5tarterkit_BasicKit
1. Arduincl5P

Versionl-Draft

AnalogReadSerial
BareMinimum
Blink
DigitalReadSerial
Fade
ReadAnalogWoltage




€D sketch_may28a | Arduino 1.8.9 — O >

File Edit Sketch Tools Help

&% Blink | Arduine 1.8.9
File Edit Sketch Tools Help

koid setup() {
} pin.T.‘-iOCle {LE]:!'_E-UIL':'II'-:[jr OUTPUT) 5
}

void void loop() {

/f digitalWrite (LED BUILTIN, HIGH);
delay (1000) ;

} digitalWrite (LED BUILTIN, LOW);
delay (1000} ;

D wewsy enesd delay 8 enwsy edme BBe®sY 3061008 d8m LED 9w ¢i&d
Beds w® B Bedd mE®G 005806 O30 nBed.

€% Blink | Arduino 1.8.9 - O X
File Edit Sketch Tools Help

Elink

vold setup() { ~
pinMode I[LE]:-‘_E-T_'IIL':'II‘-:[Jr OUTPUT) ;
}
volid loop() {
digitalWrite (LED BUILTIN, HIGH);
delay {100} ;
digitalWrite (LED BUILTIN, LOW);
delay{lbﬂ};

Versionl-Draft



5000 ® 2
0885y @D e LED aEaws ww NodeMCU gd6ied @18 9Fdw ®1610057 @16100
& CO® ww BB

2O catde®

1. 968 >N EEs

2. ESP8266 NodeMCU 0610 - 330 ewd 470 @® yhesddmwess
3. LED aEaw=

4. Micro USB ®wow

5. Bread board

L

330 owd 470 @® yBestRmw

Bread board
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8880w BE&iemw B8 (ARDUINO UNO »dnewsy)
@® wew s¥n Gndwess ©6E8 LED adaded d» age Arduino 8 9 »nde, o8

SITAL

OQ ur'u

- c— ARDU INO

gems agwe GND ( Ground pin ) »&O¢ w®as3 »c gnw ( LED Ez)@"é)os &1 8woe® qz@qw)@
B OB ewo yBReddmes wdmS arm)

I"l:i-'n'l cketch mav2Ba rduino 1.8.8

&9 sketch_may28e | Arduino 1.8.9
File Edit Sketch Tools Help

sketch_may28e

vold setup() { -
} pinMode {9, OUTPUT) ;
}
void void loop () {
!/ digitalWrite (9, HIGH):;
delay (1000) ;
} igitalwrite (9, Low);

elay (1000); 1}

<
=

¢153 upload eRom® OO OB, enw wOBIKHBG WO YOGOD #REST ®E ¥nd. &80
©01005Y ©06100 m¥ess 1 = LED 9ddw ¢Eor A8 mfeuc 1 & LED aEae B9 Beadm
om0 LIDOD DB,

Versionl-Draft



NodeMCU 1.0 (ESP-12E module) ®i8»ewsy

@® wewo Bwnm Guwdwess 888 LED acdaed O ggw Arduino & D1 n@de, 98 gsemys egw
GND ( Ground pin ) n80¢ @23 »E gne. LED 93¢ ¢i18wie® ¢Dem® B m»ooB3®
wew yResTdmes wdmd ¢m. Bread Board 9o ©:8m0 mostesimn®, s8ude wmeBde
D& ey OB ad.

N EEEEERE)

S =

e

appaAaRAn

void setup() {
pinMode(BUILTIN_LED, OUTPUT);
pinMode(5, OUTPUT); }

void loop() {
digitalWrite(BUILTIN_LED, LOW);
digitalWrite(5, LOW);

delay(1000);
digitalWrite(BUILTIN_LED, HIGH);
digitalWrite(5, HIGH);

delay(1000); }

Versionl-Draft



* void setup() - e®® v HOeFR BwiSd®m Dot go@wed, V28 DD O ewR.
OOBsT BB DD FoOVD me® 8g HO&.

* pinMode(BUILTIN_LED, OUTPUT); - 39061008 e80:8» dFd«e (BUILTIN
LED ) ©83530 meg 08 yhomes ece @ B30.

* pinMode(5, OUTPUT); 286 9Edw @532 6 a8, 305008 D1 (GPIOS) na&
yBomeE eces O BB

* void loop() -e®® cun@eEdws @053 0B, 53 On OB BuwiiOm O ¥HOAB. O
BR & vun Eeds Bwidsy 8geda.

* digitalWrite(BUILTIN_LED, LOW); &8s 2Eds ©03xd me ned8
e0IE3Swumd gmynw BBe®sY 3058 d08x» LED dddwe ¢ E88.

*x digitalWrite(5, LOW); D1 ed8 edI/ESwn® @mse B3O 9837 986
DEDs BBL.

* delay(1000); B8E »n’ess 1000 = (nFss 1) 3@ B8O e®O MEw® RE D8
AEIS G CO BOB® gnC DB AEIw BD sOAE.

* digitalWrite(BUILTIN LED, HIGH); 09J@3wm®d cud® =Biecdx’
30061008 008» LED aEaw B58.

* digitalWrite(5, HIGH); D1 ne®8 0dJF3wm®d cud® ABed®sy 280 dEd®
acoe.

% delay(1000) /I 88 »x¥ess 1000 = (n¥es6 1)) 3@ BB e®@® e BE LBO8m
DEC® BD 8085 gm0 DBS DE® G ED sORA.

D omned yOoed HBn ICIe B dwd IR HERH eIEIwmd ud®
(HIGH) 8w g @m0 9w ¢iC080 00dF3wm0® gmw (LOW) me gnw. mdEs 208857 s®as3d
D VEI® Hwr mOsTesy 0@k yAIGIR eRw®. OO, 5 05 Rl edIEIwmd cud®
»E 80 d6 e gm0 eIFdwmd @B mE S0 dw B 1l. e®wd o’nd ®® AE
@ 8880w 8OIBTW S BedD) GmIcewd edmesll

-> Breadboard

e B0 ODBNOE D eI enatgrzs BEddn OGO O @8 b
8eot nEO 108w, 880w, yReddWmw ww LED (ecim 8e@fdm eowdd) 01
By ¢o00® 5 BBOBE 09000 wEBTe® HBwWD B, 0®@w ®wIDnews
sB80DE 380 gmbicw ©: 200 o 88w BTV gdr) ¢m. e OB
IS0 @205 DT 01080 8¢ Pewr, ¢eoen @O BBO wwey D5y O10¢
B0 o RO s O am. DYCO® 0dge omegd ¢manmny?® Breadboarc
W G0N BsY ¢ g
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008 guwusinsw @Eh ocly WEE d808s @@ @w. Breadboard om= eme»

@AWY (DD 18edwHE B¥D WY D8hewsy (W ¢»

* lalaial o B 1 Lol ol ] lalalal ol o BN 1 d ol ol o Il Ll +

wnmenonoad NN NN R0 S N
J:aaaaa:aaaaaaaDaaaaaaaaaaaaamal

=~[00000000000000000000000000000-
z0000000000000000000000000000x
ofnnaannann0naananoaananaanaonoooaige
[Réialalaialalslalalalalalalslalslalalalalsalalalalalalals | I0

«0000000nnnnnnnnon0nonnNnonnonnn
ennnNnnannonnaannnonannannnooonaiaie
unnoanaoonoooaanooonooaononoooooonn
=[0000000000000000000000a0000000:
<gudguuuooouguounouoouoouooolul<

- ~ NMTAON
=~nmenonoadINNTY 89mn22u2 2””

+ Ladaioiailalalolelel lalalalalel Ll i T b *
N N
g g g g [alalalolo B alalotal ol aboetid
e L e -

16C

-

@0ewd YOO O o, amd @i (1) @ (-) BED WO CREd. YOGeDsT YOGDD BT

eum® 0dme YOy, TDBsY Bemoonsizn mEwwsl OO 0. BRO®sn Pagwoe® DR e®xY

1001008 6:® 80 wcw® BEDn BB8mw am. ¢ owdeaned e ey »0 arerss F30

8¢oi.
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8000 ecse (1) ©y (-) vy 880 ¢ grvery A (buses) end e8E 88 (rails) eces
BEBIOT) CID, 8880w DOT 0wd e B DBS DR BBPO®O B8OV O 8O 880w Bl
DCW C 8O e3¢ o538 DB e,

yBesdd (Resisters)

esionemen 8ed O B8 WD ©HOHO OO wrivnwme ©85Y @805 DD
yBeddden ecs 185308, By 8850 ©:2e®8 88uded O O EOTOEO o @¢d
00D BCHw B wewr, 0dmE ¢nwensy @ yBedid wdm 008, yRedddm OE
yBeddd gvw ohm ( Q) »&8 Iemersy @By Ced. w@wsewssy ¢8 Hdn OB
yBedddm Oc gos 1Q 80 IMQ ¢wor @ 0 (1000Q = 1KQ , 1000KQ = 1MQ).

o dD¥em Deg on» O

yBecidm OC YBeIB gow wewsl m0 Bedslens’ O8em DEE Inn HOWE OBA. 0® wews
O8en 1025 01810 @08. ¢0 widned 8OA® yReddm O Dl dee 44, 5o ovd 6
BeaB.0085 dYEL® ¢m0 Coasieny D8 g 4 = win yBResidma.

Bm Ged qEBeDD DYedd eurid aer) O O Diamw O8sT Boemrw O anwsy .
O® D@ed vef ww ecdx BGOE gren BEeDEST 8gf vy 0cdn Dede B D8mwsy
e0NEDSY gedn WO 0n ¢n) GomB. 0ol CEIAD OB, RBOD DECEO FHC FOOWSY
QDO ® GRX. O O DEwO @OE O® QEnICe DQed RBIOD BS1eD5T eBsID &B.
OB0eDHR DECOCH ¢BOr CATen 8gf DEeE Rty eumIdh g8 eved ¢dBEOmHIDE.
0®® guw DQed WHCDL BT EDY eI B GICWD yRGADWHE G Eedd.
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The standard resistor color code table:
Color Digit 1 Digit 2 Multiplier Tolerance

0 %10°
1 x10? +1%
2 %102 +2%
3 %103
4 %104
5 %107 £0.5%
5 %108 +0.25%
7 %107 +0.1%
8 x 108 +0.05%
9 %107
x0.1 +5%
x0.01 +10%

+20%

Yellow Violet Red Silver
4 7 00 10%

COPOHBE ORH VD 1Bl s ¢ yBledlde Bem»y. 008 yhedddmewrd sef
DECRO ¥ D8enw B OB @R ¢nw 4 ¢. @O DEEE ¢® Bewo dwd @ D8enw 78.
e0® 8;mwsy eceoms’ CEam gvw 47, nuidm OEeCE dbemw O OROEO @fc
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