
Inventing… 
 with Software and 

Electronics 





PWM 



Loops 
& 

Motors 
& 

Amps 
 
 

(Oh, Boy!) 



KEY FACT:  Software can be 
simplified with loops 

Lazy Programmer 
(K I S S) 



For Loop 



 
- But what if I don’t know how 
many iterations there will be? 



 
The while loop 





Includes another file which “declares” 
a class called Servo. 



KEY FACT:  Each Arduino pin 
can source 40mA of current 



KEY FACT:  Some actuators in 
our kit require more than 

40mA 



So, in 1 second how many 
electrons are flowing through 

our 20mA LEDs? 



1 Amp = 6.2x1018 e-/second 

20mA = 1Amp / 500 

20mA = 1.24x1016 e-/second 



12,400,000,000,000,000 

e-/second 

14 zeroes! 



> 12 Quadrillion 

e-/second 



> 12 Million Billion 

e-/second 



Analogy /əˈnaləjē/: n. 

A comparison between two things, typically on 
the basis of their structure and for the purpose 

of explanation or clarification. 

[Origin:  Middle English analogie, from Old French, from Latin 
analogia, from Greek analogi, from analogos, proportionate;]  





Empire State Building 
102 Stories 

Or – a pile of pennies 
986,426,768 Miles 
High…. 
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Flow Rate (Gallons/Hour) 
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Arduino Uno Datasheet 



“The absolute max 
should be avoided - it is 
dangerous to approach 
it. “ 





        Circuit Happiness A 
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Dead 

Stressed 

Healthy 

Underpowered 

Asleep 



What happens if there’s not 
enough current? 





What happens if the current 
rating is exceeded? 





Polyfuse (500mA) 



   Easily Possible 
 
    Shorting I/O Pins to Ground 
    Apply Overvoltage to I/O Pins 
    Shorting I/O Pins to Each Other 
    Exceed Total Microcontroller Current (200mA) 
 

Ways to Kill an Arduino 





Transistor 

“the most important invention of the 20th century” 
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Fuse 
(.5A) 

Arduino 
5V/Gnd 

(.2A) Pin (.04A) Transistor 

Collector/
Emitter 

(.6A) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Idle Motor(.32A) 

+ 
Battery 

Terminal 

- 
Battery 

Terminal 







Makey Makey (thanks, Ava!) 



Resistance & Ohms 
&  

Sound 
& 

Color 
& 

ICs 
 
 
 



But first……. 





LED Array Shield 



Arduino Shields 





LOVE PID Controller 



Reflow Oven Controller Shield 



http://www.rocketscream.com/wiki/index.php/File:ConnectionExample.jpg


Real-time Clock Chip 

http://dlnmh9ip6v2uc.cloudfront.net/images/products/10160b-01.jpg


Serial Communication 

Next Week! 



Clock Kit 



MIDI Connector 



Sonar Rangefinder 



PWM Driver 



Micro-SD Card Reader 



Electret Microphone 



SHARP IR Rangefinder 



Photo-Resistor Laser 



Diagram 
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Bill of Materials 
1 Arduino Mega 2560 
1 USB Cable 
1 Full-Length Breadboard 
1 VCNL4000 Breakout Board 
1 Pololu MiniIMU9 AHRS Board 
1 Optical Flow Sensor v1 Board 
4 Red LEDs 
A 2” square piece of plastic 
Lots of Wires 
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André-Marie Ampère 
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V To calculate: 
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WHAT RESISTOR FOR 
A 20mA CIRCUIT ON A  
5V ARDUINO? 
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250 OHMS 



WHAT CURRENT FOR 
A 330 OHM RESISTOR ON A  
5V ARDUINO? 



330 
5 VOLTS 

OHMS 



330 
5 = 

VOLTS 

OHMS 
15.1 mA 





QUIZ! 



QUIZ! 



QUIZ! 



Piezo-Electric Buzzer 















Jasmine’s Cool Project 
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Jasmine’s Cool Project 

10 Full-Color RGB LEDs 
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Jasmine’s Cool Project 

30 PWM Channels! 
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Jasmine’s Cool Project 

450 mA! 
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Jasmine’s Cool Project 

How can this be done? 



30 Transistors 
30 Resistors 
More PWM 
Channels (????) 



TLC5940 16-channel PWM Driver 
-    16-Channel PWM Driver 
- Daisy-chainable 
- Adjustable Current Control 



TLC5940 16-channel PWM Driver 
-    16-Channel PWM Driver 
- Daisy-chainable 
- Adjustable Current Control 

12.95$ 
at 
Sparkfun 



- 32 PWM Channels! 
- Adjustable Current Control 
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