Build Your Own Particle Sensor

Target Age Rangéith -12th grades

Estimated Timel hour

Additional ideas for lengthening the activity provided at the end. In addiiderhigh school
age studentxan complete this activity in as little as 30 minutes \athabbreviated
introduction.

Objective:
Teach basics about particulate mattar pollutionand electronics. In additiowork on
problem solving and othesciencetechnology engineeringand mah (STEM skills.

Figurel. Sensor kit componetns assembled w

materials you can find at home (rubber bands Figure2. Sensor kit components
cardboard box) assembled using a childrentsuilding toy

pieces and velcro



Materials Needed

The list of components is below, with a total cost per kit at approximately@kb0Students can
work in teams of 2 per kit to save on cosuisithttp://www.wishlistr.com/sensorkit/for a
complete list of materials and purchase links.

Note:

Many of the items from adafruit can be purchased for a lower price on Amazon. However
amazon links are not shown due to the high turnover rate of products listed on Amazon and the
difficulty in ensuring high quality components. Since Arduinos are an $p&ce device some
soldonlineare not genuine Arduinos. Although this is legal they maypbeanade with the

same quality as genuine Arduinos and may not perform as aksire

Key components per Kit:

Item (suggested source) Number per kit Cost
ArduinoUno R3 (adafruit.com) 1 $26.96
Haltsize breadboard (adafruit.com) 1 $4.50
Breadboarding wire bundle (adafruit.com) 6 short wires, 1 long wire (1 | $6.00

wire bundle covers 15 kits)

Diffused Red 5mm LED (25 pack) (adafruit.com) 3 LEDs (1 padovers 6 kits) $4.00

9V battery clip with 5.5mm/2.1mm plug (adafruit.cor 1 $2.70
1K Ohm resistor (digikey.com) 3 $0.04
Dust sensot, Shinyei PPD42NS (epictinker.com) 1 $15.00
9 V battery (local hardware store) 1 $3.00

Additional components for organization and programming the Arduino boards
1 USB cable(s) to program the Arduino boatgsogramming activities could be an
expansion beyond building the kits.
1 Small plastic bags (e.qg., Ziploc) to store components.
1 Materialsto mount the components to a device that could be hand carried:
o hLlirAz2y wmY /flaaro 2SS 2 FFfS .£201a bQ

tutorial)
Option 2: Recycled small cardboard box, attachment with Velcro or rubberbands
Option 3: Small lunch baxwe found a $2 plastic first aid box available online
GKFG 6SQ@S dzaSR Ay NBOSYyl OSNBEAZ2Y A


http://www.wishlistr.com/sensorkit/

Materials Provided:

N

Instructions

Arduino Coddseparate file)

Slices for explanation and assembly of devean be projected or printed multiple to a
sheet as handawsfor students

Prep Work(Beforefirst use of kits)

Step 1.Program all Arduinos

1 Software for Arduino can be found at Arduino.cc under the download tab

1 The custom program developed for the PM sensor kit (PM_Sensor_Kit_Code.ino) needs to
be uploaded to all Ardinos before the class begins

Installing Arduino software:

1.
2.
3.

4.
Once the Arduino program has been installed on

your computer:
1.

Go tohttp://arduino.cc/

Click on the download tab

Under the Download heading select the program you need based on the type of
computer youwill be using (Windows, Mac, or Linux).

Run the installation software o0 sketch_jun07a | Arduino 1.0.3

File Edit Sketch Tools Help

00 BEHA

sketch_jundva

Save the providedrduinocode
(PM_Sensor_Kit_Code.ijpsavedon your
computer in a folder you can easily navigate to.
Open the Arduino program either through your
desktop icon or through the programs folder on
your computer You should have a sketch open
that looks similar to the image on the right.
Open the Build your own PM sensor program by
clicking on thex @€ tab in the navigation menu
then & penrg, and then selecting thprogramfile
(PM_Sensor_Kit_Code.ino)

Plug an Arduino into your computer using the
USB cable.

Click theE arrow button to upload the code
In the event of an error popp, two things to check:


http://arduino.cc/

P -V

a. Ifthecorrectdha ¢ L2 NI A& V 2gét adesrdr Srouinmdiieeddo2 dz ¢ A f €
change theCOMport either through the error messgge that pops up or click on
i K Soolsi thb and then click odSerial Brté ®
b. Makesure that you have the corretibard selected under thé @ol< tab and
02FNR d! NRdzAy 2 ! y2¢
7. Once you click the arrow button to upload the code and it uploads the code successfully
check that the codeis runningleyt A O1 Ay 3 2y (KS ac¢22faé¢ dFox
a 2 y A iAReMdfely seconds you should séBUILD YOUR OWN SENSOR
INITALIZING" and jgarticle ratio should appeavery 5 seconds.
8. Once you have verified that the code has been uploaded unplug the Arduino.
9. Repeat step®-10for all Arduinos
10.In addition it is recommendd that you assemble onklll particle sensokit after
uploading the code to make sure it is all functioning properly.

Step 2. Prepare any materials used to mount the sensor components.
C2NJ SEI YL S LJXFOS I avlrtf LASOS 2F &t ONR 06 S
Arduino board, breadboard, particle sensor, and baté¢ien place the other half of the Velcro
0SPID: & (i BShbxKio be hsBRdSar tourtigg (cardboard box, lunch box, Wee Walffle

Blocks). For the breadboard, a piece of paper covers the sticky back of the breaqlyoard

can get a stronger connection with the Velcro if you cut off a small section of the paper.

Figure3. Example of velcro placememd
attached to the Wee Waffle blocks.



Step 3. Organize your kits
Assemble kits of:
0 1 Arduino
o 1PM sensor
0 6 short wireso €
A Preferably: 1 white, 2 blue, 1 orange, 1 red, and 1 yellow
llongwirec ¢ 6 2NJ H Y2NB aK2NI 6ANBao
3 LEDs
3 resistors
1 half breadboard
Object for mounting sensor to
A Small box witHarge rubber bands dvelcro
A Little Tkes waffle blaks with \élcro

O O 0O o o



TroubleshootingPrep Work (if sensors seem to beme less sensitive or too sensitiye

Due to age, or variation betweesensosthe code may need to badjusted
1 Use the Arduino prograrthat you usedo upload the softwardo the Arduino originally
1 Currently the LED cut ofis the code are based on the ratio of time particles are seen

andarel5and2® & AF ONJI GA2Ff MpUES GAFONIGA2FHNOED

1 By lowering these numbersi¢ sensor will become more sensitive (more LEDs light up)

Raising these numbers will make them less sensitive (less LEDs light up)

1 To determine what they should be set topen up the Arduino program on your
computer,plug the Arduindoard into the compud NJ dza Ay 3 | ' {. O2NRZ (
GKSy Of A O] 2 yrhedaticSaidppetrevers/sacanasNido this window

1 Try to generate particles the way your students will (haddirear carpet while walking,
shaking pieces of paper, et@and basean the maximum values you see reset these
Odzi2FF&a I OO0O2NRAy3If & o0& aAvLie OKFIy3dIAaAy3a (KS

=



Activity
Introduction (10min)

Particulate Matter:

Does anyone know about particulate air pollutiéh

oParticle pollution (also callggarticulate matter or PM) is the term for a mixture of solid

particles and liquid droplets found in the air. Some particles, such as dust, dirt, soot, or smoke,
are large or dark enough to be seen with the naked eye. Others are so small they can only be
detectSR dza Ay 3 |y St thesé pakigles domeiNRaayGizesidnd shapes and can
be made upoftizy RNBRa 27F RA FhRB/MBweha.oOpB/akiOHint) & d¢ 6

&Particle pollution include¥A y Kl € F 6t S O21 NBES

. oA ©PM

LJl N\ll M@fdlsnaeﬁr@ |al’ger than 25 Combustion par%ii:sles, organic
. . HUMAN HAIR compounds, metals, etc.

micrometers and smaller #tm 10 micrometers and 50-70um <2.51m (microns)in diameter

(microns) in diameter

WFAYS Withdineterfs ®at & Q.5
YAONRYSGSNE YR avYlffSNE

(http://www.epa.gov/pm/basic.html). e

Dust, pollen, mold, etc.

How small is 2.5 micrometers?

GThink about a single hair from your head. The
average human hair is about 70 micrometers in
diameter¢ making it 30 times larger than the largest 90pm (mirons)in dameter
fine particle¢ (http://www.epa.gov/pm/basic.htm) ESEEESE Imoge courtosy ofth U, EPA

Where do you think PM comes from?

¢Some particles, known ggimary particlesare emitted directly from a j§
source, such as construction sites, unpaved roads, fields, smokestaqis
or fires. Others form in complicata@actions in the atmosphere of IR _ Fine Particies Can Be

. i R i . . ) Emitted Directly or Formed
chemicals such as sulfur dioxides and nitrogen oxides that are emitt¢ in the Air from Gases

from power plants, industries and automobiles. These particles, knoyt
assecondary particlesnake up most of the fine particle pollution in
the country.EPA regulates inhalable particles (fine and coarse).
Particles larger than 10 micrometers (sand and large dust) are not
regulated by BPAE (http://www.epa.gov/pm/basic.htm)

Why is PM pollution bad?

T Health
dParticle pollution contains microscopic solids or liquid droplets
that are so small that they can get deep into the lungs eauakse
aSNRA 2dza K S| (http:KvwiddER.gob/@nibasib.fitm)

1 Do youthink the size of the particles makes a differerize

1 dThe size of particles is directly linked to their potential for
causing health problem&mall particles less than 10
micrometers in diameter pose the greatest problems, because

gand heart prablers,
tathe blood system


http://www.epa.gov/pm/basic.html
http://www.epa.gov/pm/basic.html
http://www.epa.gov/pm/basic.html
http://www.epa.gov/pm/basic.html
http://www.epa.gov/pm/basic.html

they can get deemto your lungs, and some may even get into Smog over Charlotte
your bloodstreani' (http://www.epa.gov/pm/basic.htm)

Visibility impairment

Fine particles (PWk) are the main causef reduced visibility
(haze)in parts of the United States, including many of our
treasured national parks and wilderness areas.

(http://www.epa.gov/pm/basic.htm)
(image sources: 1:http://www.southernenvironment.org/
cases/southern_air_smog?2: http://www.guardian.co.uk/
world/2013/jan/14/beijingsmogcontinuesmediaaction 3:
http://www.zmescience.com/ecology/ environmental
issues/chinesmog30012013)

Environmental damage
oParticles can be carried over long distances by wind and
then settle on ground or waterThe effects of this settling
include: making lakes and streams acidic; changing the
nutrient balance in coastal waters and large ribesins;
depleting the nutrients in soil; damaging sensitive forests
and farm crops; and affecting the diversity of ecosystems
More information about theeffects of particle pollution ;
and acid rair€ (http://www.epa.gov/pm/health.html)

Aesthetic damage ][
éParticle pollution can stain and damage stone anc’ g w7
other materials, including culturally important
objects such as statues and monuments
(http://www.epa.gov/pm/health.html). One
example idHadrian's Archbuilt in Athens Greece in
131 ADIt has been discolored by soot from the city &
(http://www.climateandmonuments.com/#!Hadrian
s-Arch-Athens131-AD/zoom/c100z/image4lc
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Kit Explanation
Use one ofhe kits so that each component can be held up while it is introduced

How the PM sensor works:

(Imageswww.shinyei.co.jp

The images below shothie PM sensor.Since warm air rises, a heater causes air to flow

through the sensor. This is why the sensor must be mounted vertically. An LED shines light on
the particles and the amount of light that is deflected by the particles is measured by a light
receptor. This type of particle detection generally sees particles greater than 1 micrometer,
which makes the sensor more sensitive to larger particles like dust and less sensitive to very
small particles formed in smoke.

Light Receptor LED

A
Output {Image)

Figure4. Schematic showing how the particle sensor operates Figure5. Shinyei particle sensor used in the kit.

BasicElectronics

Circuit

0AN electric circuit is like a pathway made of wires that electrons can flow through. A battery or

other power source gives the force (voltage) that makes the electrons move. When the

electrons get to a device like a light bulb, your computer, or a refaigpey they give it the

power to make itwork¢ KS 42 NR WOA N dzand @ cirdut oegdR & befciiciilsds WO A NJ
to work. The wires have to go from the power source to the device and back again, so that the

electrons can go out and come back.
(http://kids.discovery.com/teHme/curiosity-corner/science/howdo-electric-circuitswork)

LED:

This is an LEDInside each LED is a small bit of cieah

that when electrons are passed through, it emits SRR casobE - -
radiation (i.e, light). By changing this chemical 74

compound, you can in effect change the wavelength + > —

emitted - infrared, green/blue/red, neaultraviolet, etc.


http://www.shinyei.co.jp/
http://kids.discovery.com/tell-me/curiosity-corner/science/how-do-electric-circuits-work

Be aware that an LED is a diode, mearthmg it is polarized. By convention, current can only go
FNRY GKS y2RS 6LRaAdA®S SyRuO G2 GKS OF(iK2RS
wires on the LED are different lengths. The longer wire is always + and the sheti@miages
http://www.societyofrobots.com/electronics _led_tutorial.shtinl

Resistor:

This is a resistor. If there is too much current the LED will glow t
brightly and will be damaged. Thattery will also run out very
quickly. The resiet resists currenof electronsresulting in a lower
current. Think of water flowing when you think of current. Insertin
a resistor is like inserting a smaller pipe in the middle of a rivee

stripeson the resistor are a code for the resistance and RaMtor Color e

4-band color coda l 10K Obems 8%
5. o 47.6 K Ohms + 1%

tolerancevaluesof the resistor.

Basiccircuit:
Tomake a circuitcurrent must pass from power to groun&round is a reference voltage of
zero and in some cases means the circuit is actoaliyected to the earthJust like water

flows from higher elevation to lower elevation electrical current also flows from higher voltage
to lower voltage.We could just touch the wires to our LED but we would get tired of holding
them together. Usually ines are soldered together. Solder is basically electronic glue that you
heat up and apply to your connectionEngineers often want to try many different
configurations of a circuit before maig it permanent by soldering it, so instead of soldering,
they use a breadboard.

Breadoard jonseloase
This is a bread boardrhis is a tool used to put together easelleass:
temporary circuits. Wires and components are pressed into the e
holes to make different circuits and can easily be removed. The joesaleane:
holes are connected as showimgt5 across on the left, the 5 | Jccccqoons
across on the right and down the 2 columns on the two edges of oo ooooe
the board. Plugging wires intavd connected holes is the same i cccadicane:
as touching the two wires togetheitt is called d@readboard joeseloane:
because it resembles the board breadcooled on. S ==

10
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Arduino:

This is arArduino;it is a mini computer that will be used to run our
project. It is an open source platform which means the code and
specifications are open and free to the public and people are allower
build and even setheir own versions.

Useful links if students want to learn more about Arduino:

| NRdzZAy 2 (dzi2NAIf @ARS2ayY aSivoulluke a WSNBYe& . f dzvy
Additional assistance with Arduino coding and wirimidyp://forum.arduino.cc/

Tutorials for Arduinohttp://learn.adafruit.com/

The one rule whilave are doing this activity isnever adjust the wires on the Arduino or plug
anything into the Arduino while it is jugged into the battery. Plug in the battery when all
wires are situated and if you need to change something unplug the battery fir&tduinos are
fairly rugged but if it becomes hot unplug it as this is a sign of a shedk for errors in your
wiring and plug it back in once the problem is corredter@dit: Arduino.cc)

How the Arduino Code works:

Code has been written and installed on your Arduino to run the PM sensor you will build.
Basically the Arduino is checkitige particle sensor contuously to see whether it is teecting
particles or not. The amount of PM pollution is determined based on the amount of time the
sensor is detecting particles. The Arduino then lights up the LEDs based on how many patrticles
areseen. 1 LED for a low number of particles, 2 LEDs for a moderate amount of particles, and 3
LEDs for a high amount of particl&ee code in slides file

Assembly(15 min):
9 Distribute suppliegbut not batteries)
i Call names of each item and hastedents take them out of the bag
and hold them up.
Arduino
Breadboard
PM sensorHold it up the way it needs to be oriented for airflow
LED
Wire
Resistor
Battery plug

O O O 0O 0O O Oo
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1 Step 1.Assembleyour LED circuits

Doesn’t matter what hole these go in as long
as the two circled pairs are in the same row

1 Notes about Assembly: For younger studepiscifyholes on the breadboarals
detailed belowb LYy NBFfAdGe AG R2SayQd YFGGSNI g6KAO
as the ends that need to be connected are in the samgsew figurdo right). In
addition wire color does not matterig just included for simplicifpr younger student.
LY IRRAGAZ2Y | ff aDb5¢ LIAya 2y GKS | NRdzAy 2
the students connect to.

1 Assemblinghe LED circuits
1. Set aside your longire (skip this step if students were provided two short wires
instead of a long wire
2. Notice that the breadboard is labeled across the top and bottom and30
down the sides.
Take one ED and plug the long erfthe positive end)nto E3 on the breadbeard
Plug tre shortend (the negative enddf the LED into F3
Takethe next LED and plug the long legp E15
Plug the shorend into F15
Take thdast LED and plug the lofeginto E28
Plug theshortend into F28
Next take a resistor and plugoneeimio H3O A i’ R2Say Qid YI GGSNI g¢
use since resistors are non polar unlike LEDS)
10. Plug the othe end into any hole on the blue negatibar on the right
11. Take the next resistor and place it into H15
12. Plug the other ad into any hole on the blue negagéibar on theright
13. Take thdast resistor and place it into H82
14. Plug the otheend into any hole on the blue negatibar on the right
15. Plug theblue wire intoA3and leave the other end hanging
16. Plug theOrange wire intcA15and leave the other end hanging
17. Plug thewhite wire into A8 and leave the other end hanging

© © N O oA w
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18. Check all wires on thiereadboard to make sure they are pressed in securely

19. Make sure none of the exposed wires on the lOEEesistors are touching. This
could lead b a short which couldause themonitor not to work or your
components to be damaged.

€ sz : ? Long Wire to
Blueto~5 on all?® : : B GND on Arduino
the Arduino » o ;: S - Breadboard Connections:
i R R Blue wire: A3,~5 on Arduino
- :::::: Orange wire: Al5, 4 on Arduino
el White wire: A28, ~3 on Arduino
g 1w o Black wire: -, GND on Arduino
L LI
Orangeto4 s Osnas0 LED2:E1S5, F15
onthe ia| e » |JLED3:E28, F28
- Twwenw 2
Arduino frleeennn Resistorl: H3, -
e * | [Resitor2: H15,-
e | et * | [Resistor3: H28,-
- :l EER N » | Notes:
2w wwuwn )
48 ::: 8 ' -All long legs of LEDs go in
White to~3 - ?316.-: ! columnE .
onthe }* " ||n L -All shortlegs of LEDs go in
Arduino - RIS columnF

-Only pluginto the Blue
“—" bar on the right side of the
breadboard

13



1 Step 2.Attach your breadboard, Arduino, and PM sensor to yduwx, blocks or other
sensor holder(if usingwaffle blocks see instructionkelow)

1 Enclosure Assembly

L =
-
1. Each kit ?
should have {- ,
tl.1ese3 Window J
pieces

5. Make surethe PM
sensor is oriented this
way in the window. May
be tight to slide it in-
between the two blocks

2. Lay the waffle piece on the
table as the base as shown

4. Place the window
block in the front two
holes of the waffle

3. Place the Velcro
piece into the back
two holes in the
waffle with the
Velcro facing out

6. Adjust the
sensor so that
theinlet hole
isn’t covered

up

7. Stick the
Arduino and
breadboard to
the Velcro like
this

14



1 Step 3.Connect youPM sersor
o Findthe white connector on the end of the PM sensor
0 Using the three remaining wirdthat have not been plugged in anywhere yet)
A Plug the red wire into red
A Yellow into yellow
A And blue into black

1 Step 4.Connect all wires to Arduino
1. Take the blue wire from the first LED and plugititéé 2y (G KS NARIKG &
Arduino6 G 9pé A& LINAYUSR 2y GKS ! NRdZAy2 GKA 3
Make sure to look at the Arduino straight on or count the number of pins up
from the bottom a down from the top so that you get all the wires in the right
place. Itis very easy to get your wires shifted up or down by one but then your
sensor will not work.
2. Plug the orange wire from the second LED into 4 on the right side of the Arduino
Plug thewnhite wire from the third LED into the ~3 on the Arduino
4. Plug the wire connected to the yellow wire from the PM sensor into 8 on the
right side of the Arduino
5. Plug the wire connected to the black wire from the PM sensor into GND on the
Arduino
6. Plug the wie connected to the red wire from the PM sensor into 5V on the
Arduino
7. Plug the long wire into the blue negatigelumnon the right where all your
resistors are plugged in
8. Plug the other enaf the long wireinto GND on the Arduino

w
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30VH

ATVLI NI

ff 7 GND (ground) to

—7, the negative
g %C blue columnon
@ the breadboard

"
ve. Funem 9
e

ONINQYY w«mwxy

ol X1
€

% "
t i O
50 N W

Connect5V to
red wire on the
PM sensor

3w V)

Bak
#

8to the yellow
wire on the PM
sensor

GND (ground) to
black wire on the
PM sensor

5to LED#3 (A3)

4to LED#2 (A15)
3to LED#1 (A28)

Figure6. Schematic of wiring the Arduino board to the PM sensor and breadboard

1 Step 5. Review wiring and plug in battery.
o Instructorchecks circuit to protect against potentially damaging the components
Make sure LEDs are oriented cotlg@long leg + short leg-). Another common
mistake is getting the wires plugged into the correct pins on the Arduino.
o Give students battery once all wires have been checked
o Once your sensor has been checked you nmewnectthe battery

Testing(10 min) Have students test their new monitoesound the room See what sources of
PM they carfind.

Discussion and clean up (15 min)
What activities produced the most particles?
A few examples:
1 Walking on carpet
Rubbing hands together
Sweeping up dus
Tearing papenapkins
Chalk/white board erasers
Breathing on the sensor
Rubbing clothing
1 Shaking hair
Why?
1 Walking on carpetust particles released into air from carpet

= =4 4 4 A 2
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1 Rubbing hands togetheskin cells being released into air
1 Sweeping up dustust being released into the
1 Tearing papesmall paper particles being released into air

Clean up
Have students carefully remove all components and wires from breadboard and Arduino and
put them back in their containersiAsk thestudents to straighten any crimps in the resistors.

Closing discussio(if additional time remains)an also repeat questions from beginning to see
what students remembe2 NJ 32 2@SNJ I yeliKAyYy3d GKIG @2dz RARY QU
beginning

What can you ddo reduce PM?
91 Drive less
1 Use less electricity since power plants are a major source

How can you reduce your exposure to PM?
9 Stay indoors on badir qualitydays
1 Where a mask when doing dusty activities (mowing the lawn, construction work, etc)

Fun Facts
How many gallons of Air do you think the average adult breaths in a day?
1 The average adult breathes 3,000 gallons of air per day.
(http://www.epa.gov/air/basic.htm)
7 {2 GKFGQ&a I+ €204 ba&rpaluthds ke mayiculate (G2 o NBI G
matter

Are Children or Adults more affected by air pollutants?
T According to the American Academy of Pediatrics, children and infants are among the
most susceptible to many air pollutants. Children have increased expasuanpared
with adults because of higher levels of physical activity and other factors.

Additional Factshttp://www.epa.gov/pm/fastfacts.html

Additional Activitiesto extend into multiple classes oohger sessions

Drawing

Engineers often have to draw up plans so that another person can build what they have design.
Have students diagram what they habveilt so that another student could reassemble Have

the students draw it from thelifferent views(angles) etc.

17
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Hacking(need to purchase more USB cables)
Allow students to modify the code and enclosure for their sensor. Allow them to add more
LEDs or change display method (blinking for different concentrations, etc)

Useful links istudents want to learn more about Arduino:

| NRdzZA Yy 2 (dzi2NAIf @ARS2ayY aSiywee a WSNBYe& . f dzYy
Additional assistance with Arduino coding and wirinip://forum.arduino.cc/

Tutorials for Aduino: http://learn.adafruit.com/

Resistorgdneed to purchase mor&esistor$

Purchase a few different value resistors. Allow students to experiment with plugging in higher
and lower values into their monitorHave them figure out what the values are based on the
resistor code.Students can also experiment witlEDs iiseries and parallel circuits.

18


http://forum.arduino.cc/
http://learn.adafruit.com/

Classroom handout
Wiring schematic

Long wire:
Blue wire: - Blue - to
A3to~5Son - GND on
Arduino . Arduino
P
-
-
.
Orange wire:
AlSto4on
Arduino
: g
>4 =
- .
g
A4S White wire:
From PM Sensor: A28 fo s |'
Black wire to GND Arduino ¥
Red wireto 5V
Yellow wire to § Breadboard
on Arduino
\ Alllong legs of LEDs go in column E Only plug into the Blue “~" bar
% All short legs of LEDs go in column F on the right side of the
breadboard
” LED:E3to F3
‘ LED:E15tw0 F15 Resistor: H3 to Blue -
‘ LED:E281to F28 Resistor: H15 to Blue -
S——— VT 4 Resistor: H28 to Blue -
|| :

€Nnsol

Build schematic (waffle blocks option)



