
Term:  Fall 2013 /Spring 2014 

 

This segment of the Design and Technology course guides students through 25% of the construction of their programmable lamp design.  This section focuses on 
using the LED circuit, which illuminates the lamp. 

  Explore the Basics of Electricity including, voltage, current and resistance 
 Understand the Flow of Circuit Building including: protoyping, soldering, and troubleshooting 

   Basic understanding some Electronic Components. 
   Basic understanding of Digital and Analog electronics 
   Experience Reading Schematics 
   Experience Measuring Electrical Signals 
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 CLASS WORK HOMEWORK/TUTORIAL WORK 
1 
 

Introductions 
Safety and Cleanup Procedures 
Basics of Electric Circuits 
Introduction to Breadboard 
Basic Circuit Exercises Part 1 

Watch Basic Circuits Video 

2 Basic Circuit Exercises Part 1 and Part 2 Watch Circuit Video 
3 Basic Circuit Exercises Part 2 and Part 3 Watch Multi-meter Video 
4 Basic Circuit Exercises Part 3 and Using Multi-meter exercises Watch Analog and Digital Video 
5 Complete Multi-meter Exercises 

Introduction to Lamp Circuit ANALOG       +     Build ANALOG Lamp Circuit  
Finish Building ANALOG circuit (if needed) 

6 Introduction to Lamp Circuit DIGITAL        +     Build DIGITAL Lamp Circuit Finish Building DIGITAL circuit (if needed) 
7 Mapping Demo 

Map Circuit 
Soldering Demo (Start Soldering = time permitting) 

Finish Mapping (if needed) 

8 Soldering Extra Soldering work as needed 
9 Soldering Extra Soldering work as needed 
10 Soldering                                    Add White Lights, Battery Pack and Stand 

Present and turn in Final Circuit 
Finish Soldering and Turn in Circuit (if incomplete) 

Conduct 50% 
Safety (Clothing, technique, respect for tools)  10 pts 
Participation: Attentive and engaged  10 pts 
Effort: Self directed, efficient use of class time   HOMEWORK COMPLETE 10 pts 
Stewardship: Workplace cleanup  10 pts 
Respect for others learning ideas, identity, and projects  10 pts 

Design and Build 50% 
Basic Circuits Part 1 Complete 5 pts 
Basic Circuits Part 2 Complete 5 pts 
Basic Circuits Part 3 Complete 5 pts 
Multimeter Exercises Complete 5 pts 
Successful Breadboarding 5 pts 
Circuit Map 5 pts 
Final Circuit Soldered and Working 20 pts 
 



Examples of things that will lower your grade in this shop: 
⇒ Coming to class without pants and close toed shoes 
⇒ Wasting Materials 
⇒ Being asked repeatadly to pay attention during demos. 
⇒ Leaving things out for me or your classmates to cleanup 
⇒ Wasting time (i.e. spending long periods eating or leaving the classroom) 
⇒ Damaging equipment in any way other than accident 
⇒ Putting a classmate or yourself in danger 
⇒ Playing computer games or virtually social networking during class time 
⇒ Carving and drawing on tables 
⇒ Not following cleanup instructions 
⇒ Burning anything other than solder with the soldering iron. (damaging equipment.) 

 

1. This is a collaborative learning environment.  If the material in this class comes easy to you, share your knowledge to your 
classmates.  This is not a competitive class; the goal is to help everyone understand the material and feel successful in this class.  Be a leader by 
helping everyone succeed. 
 
2. Be respectful to everyone, all the time.  How people, including myself, perceive you is based on what you say and do so be 
conscious of your conversations and actions.  Topics about race, gender, politics, religion and sex need to be kept appropriate and respectful in the 
classroom.  What you see on TV/ movies, what you say at home with a group of friends and what happens in the classroom may be different. Don’t 
try to hide comments behind satire or irony. Stereotypes of any kind are not acceptable in the classroom. 
 
Real examples of insensitive comments: 
I saw ….... on South Park last night.  It was so funny. Of course he did well on the math test.  He’s Asian. 
That’s so gay!   What are you, retarded?  My project looks so ghetto! 
I hate the English teacher.  Her assignments are so stupid.             Someone is having their period! 
 

MUSIC MUST BE CLASSROOM APPROPRIATE!! “I don’t listen to the lyrics.” is not an excuse! 
 
3. Be appreciative.  Lick-Wilmerding is an amazing place full of amazing people.  It’s easy to get swept up in a culture of complaining but 
don’t let it get the best of you.  Everything can always be improved, and participating in improving the world in any way is a good thing, but chronic 
complaining is not an effective form of action.  The resources we have are amazing.  We are only limited by our own creativity, innovation, and 
motivation. 
 
4. Don’t be wasteful.  There are limited resources and never a reason to waste what we have.  If you drop something on the floor, pick it 
up.  If you break something or make a mistake, try to fix it.  Don’t cut a small shape out of the center of a piece of wood or plastic.  If you can use 
less, do it!  Recycle your trash at the end of class.  Don’t waste printer paper and ink.  It’s amazing how much less waste is created, just by being 
conscious of one’s consumption. 

Absences and Tardies: 
 Attendance will be taken at the beginning of class.  If you are not in class when I call your name, you are tardy.  If you are more than 10 
minutes late, you will receive an unexcused absence.  3 lates = 1 unexcused absence.  
 
All School Policy:  
At Lick-Wilmerding, we place high value on the active presence and participation of students in their classes.  These are experiences that can occur in 
the context of a classroom environment.  The following policy is a reflection of these values. 
 
Multiple Absences: Students who miss 6 or more classes in a given course during a semester because of (a) trips of choice (including college 
visits), (b) extra-curricular activities, or (c) unexcused absences (a.k.a. “cuts”) will lose credit in that class. When a student has missed 
6 classes, their grade goes down by 1/3 and they cannot earn higher than an A-.  The student’s grade will go 
down by 1/3 with each additional class missed in that semester.  Classes missed for illness, bereavement, or in-school field trips do not count 
towards the Multiple Absence limit.   



Unexcused Absences, a.k.a. “cuts”: A student who has been determined to have cut a class will have their quarter grade reduced by 
1/3 in that class.  The student also will have to meet with the Dean of Students, and the student’s parents and/or guardians will be contacted.  Cuts 
also count towards the Multiple Absence limit (see above).   
 
Leaving the Classroom: Leaving the classroom for any reason without checking in with instructor will result in a grade drop.  To leave the 
classroom for any reason for more than 10 minutes will result in a cut.  Bottom Lime: When you are in class, you are to be in class. 
 

RESPONSIBILITIES AND EXPECTATIONS REGARDING HOMEWORK 
¯ The responsibilities and expectations below are designed for students and teachers to follow, and are in regard to work completed outside the 
scheduled class time. 
¯ Teachers assign homework that balances a rich college preparatory education with an awareness of the full lives of Lick students and their 
families.   
¯ Teachers will announce the homework that is to be completed for the next class meeting during class. If the work is new or unfamiliar, teachers 
will set the context and expectations for learning.    
¯ Specifics regarding homework will be posted online by 4:00pm that day and remain unchanged. 
¯ Teachers will design assignments that take up to 60 minutes to complete in order to balance students’ overall homework load. 
¯ Students will check their homework assignments daily, and develop the habit of contacting the appropriate teacher with clarifying questions 
about homework at least a day before it is due. 
¯ Students will allocate up to three hours of focused, distraction-free homework time in their daily schedules.  A student who consistently spends 
significantly more time will consult with his or her teacher, advisor, or the appropriate grade level dean. 
¯ Students are aware that the number and the kind of courses taken often determines homework load. 
 

Close Toed Shoes and Pants 

 

You must have them or you 
will not be allowed in class 

and will receive an 
unexcused absence. 

NO EXCEPTIONS  
 
 
 
 

 
 
 

A place to learn more…Check it out:  Technical Arts Learning Portal  
http://sites.lwhs.org/techarts 

 
 
 
 
 
 
 
 
 
 
 
 



The Technical Arts Habits of Mind 
 

Collegiality mean having good manners, being kind, sharing, and having a sense of 
humor.  
 
Communication requires speaking with clarity and listening with patience. 
 
Cross-Disciplinary ideas develop connections between mediums, your classes, your 
life, and the lives of others. 
 
Challenge Your Self with high, yet healthy expectations.  
 
Acknowledge and Learn from Mistakes  
 
Self-Directed means you try to solve a problem on your own and you know when to ask 
for help. 
 
Innovation and Creativity both require an empathetic and critical eye of the world in 
order to re-imagine it.   
 
Craftsmanship is working on a task with a high level of care, accuracy and attention to 
detail. 
 
Stewardship is being responsible for the work space and mindful of resources. 
 

 
Technical Arts   Big Picture Questions 

1. How does creativity in the process of designing and building shape our life 
experience? 

  

2. In the age of automated technology, what is the value in using your hands?  

  

3. How is what I’m learning valuable and transferable beyond the walls of the shops? 

  

4. As I work to meet my personal and academic goals, how am I being conscientious, 
safe, and sustainable? 

  

5. How does collaboration enhance what I am able to design and build? 
 
 
 
 



Hooking a power supply to the breadboard. 

 
Introductory circuit: LED circuit with a pushbutton 

Schematic: 

 

 
1+2 = connected 
3+4 = connected 

push = all connected 
 

Breadboard Drawing (Right side of breadboard): 

 
 

Make sure your LED is facing the correct direction! 

 
Long leg is positive (Anode)   Short leg is negative (Cathode) 

Also: Plastic is often shaved flat on negative side                                      CURRENT FLOW IS FROM ANODE TO CATHODE 
 



Why doesn’t my light work? Troubleshooting: 
1. Is your circuit plugged in? 
2. Are all power switches turned on? 
3. Is the LED plugged in backwards? 
4. Does the circuit begin and end plugged into only red (power) or only ground (blue)? If so that is incorrect.  Look 

at the diagram again. 
5. Are your components in the correct horizontal rows?  For example: If you look at the diagram one leg of the 

resistor has to be on the same row as negative leg of the LED. 
6. Do you have the correct resistor? 
7. Is your light burned out? 

 
Now Build These on Your Breadboard 

1.  Rebuild the circuit somewhere else on the breadboard.  Put the components in a different order (i.e. resistor, switch, LED). 
 
2.  Create a circuit where a button turns on a set of two or more LEDs.  You will need one resistor per LED 
 
3. Using multiple LEDs, resistors, and buttons, create a stoplight. 
 
4. Series Circuit: See how many LEDs you can hook up in series and still have them light.  Series is when you hook one component to 
the negative leg of another component.  It is similar to a train. Do not use the resistor in this circuit. 
 
5. Parallel Circuit: How many LEDs can you hook in parallel to one resistor? What happens to the LEDs as you add more and more to 
that single resistor?  What do you think is happening? 

 
Motion with a DC motor 

 

 
 
 
 

Step 2: How can you add a pushbutton to this circuit? 
 

 
 
 
 
 
 
 



Resistance! 
Formulas: 

Series =                Parallel =  

 
Resistor  

 

 

Symbol 

 

 LED 

 

Symbol 

 
 

 

  
 

 
 

Discussion: 
What happens to the LED when you flip the switch? Do you know why? 
When both resistors are part of the circuit, are they in series or parallel?  
What is resistance when both resistors are an active part of the circuit? (see formula above)  
 

 
Discussion: 
What is the color code for the larger(more resistance) resistor?  
What happens when you flip the switch? Why?  
What is the total resistance provided by the resistors when both are active? (see formula above?)  
When both resistors are part of the circuit, are they in series or parallel? 



Voltage(V) = Volts     Current(I) = Amps (1000mA = 1A)      Resistance(R) = Ohms 
Ohms Law: V = IR (Voltage = Current x Resistance) 

 
 
 

Note: USE ALL THE SAME COLOR LEDS 

 
Discussion: 
Is this circuit series or parallel? 
Try adding more LEDs to the circuit.  What happens as you add more? Why? 

 
 

Note: USE ALL THE SAME COLOR LEDS 

 
Discussion: 
Is this circuit series or parallel? 
What is the difference between this circuit and the circuit above? 
When you have a string of Christmas lights and the whole string turns off when a single light burns out how is that string of 
lights wired? Like this circuit or the circuit above? 
Which one of the last two circuits is similar to how your house is wired? 

 
 
 
 
 



 
Variable Resistance: 

POTENTIOMETER 

 
 

PHOTORESISTOR 

 

 
Discussion: 
Is there more or less resistance across the photoresistor when it is in the dark? 
If a potentiometer is labeled 50K what is the maximum and minimum resistance it can provide? 
Where would you find a photoresistor? What about a potentiometer? 
Why is there a resistor at the beginning of this circuit? 
 
Extra Challenge?: 
( 1 ) Using parts from the circuits on this sheet, create a circuit that represents the lighting system for a 4 room house.  
Each room has one light that can be turned on independently and one room has a dimmer.  Make sure to use resistors.  
Can you draw the schematic too? 
 
( 2 ) Create this circuit 

 
Discussion: 
When the buttons are NOT down what do you notice about the light?  
When the buttons are NOT down is the circuit in SERIES or PARALLEL?  
When the buttons are NOT down what is the total resistance in the circuit? 
When both switches are down what is the total resistance (use formula)? 



 
 

  
Capacitors measured in Farads(F) and microFarads (uf) 

.1 uf non-polarized 

 

symbol 

 

Electrolytic Capacitor (Polarized! 
check value on side) 

 

symbol 
 

 

 
Camera Flash Circuit 

 

 
 

Discussion: 
When you are finished with this circuit, let the capacitors charge up and flip the switch. 
What happens?  
 
Does letting the capacitors charge for more or less time effect the outcome?  
 
Try replacing the 100uf capacitors with some 470uf or HIGHer capacitors.  What changes?  
 
What makes a capacitor like a battery? 
 
What makes it different than a battery? 
 
REMEMBER: Capacitors BLOCK DC current after they are fully charged. 



 
 

DIODE 
 A one direction  
Semiconductor 

 

 
 

 
BEFORE YOU BUILD, GUESS: Which LEDS will turn in on Switch Position 1? What about Switch Position 2? 

 
 
Semiconductor:  
TRANSISTOR 
A current 
controlled 
Switch 
 

NPN 

 

NPN Symbol 

 

 PNP

 

PNP Symbol 

 

Delay Light (Capacitor / Transistor Interaction) 

 
Discussion: What happens to the light when you HOLD the switch in the on position? 



Extra Challenge? 
            1. LED / Transistor FLIP FLOP                                      2. Nightlight  

          
       (carefully adjust 50K pot until light JUST turns off, then cover photocell) 

 

  
 

IC: Voltage Regulator 
7805 = 5v regulator 

 

symbol 

 
 

 
Set Voltage at 3V TO START, then 4.5v, then 6v, then 7.5v, then 9v, then 12v.   

What’s different about the two circuit paths?                       What’s the purpose of the capacitor? 

 



Integrated Circuit (IC): 555 timer 
 
 

 
PIN CONFIGURATION : COUNTERCLOCKWISE 

 
 

Adjustable frequency noise-maker 
 

 

!



Multi-meter Basics 
 A multi-meter is used to make various electrical measurements, such as AC and DC voltage, AC and DC current, and resistance. It is called a multi-
meter because it combines the functions of a voltmeter, ammeter, and ohmmeter (and sometimes other meters). 

 
Leads 

 

Input Jacks 

 
Black Lead = always in COM 

Red Lead = Moves based on situation   
 

Measuring DC Voltage 
Circuit power = ON 
Black lead = COM 
Red Lead = Ω/V 

Dial = V (select DC or AC and range) 

 
Touch each side of the component you want to measure 
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Measuring DC Current  
Circuit power = ON 
Black lead = COM 
Red Lead = mA 

Dial = A (select DC or AC and range) 

 
Break the circuit somewhere and then let the multimeter complete it.  The current will travel through the meter. 

 

Measuring Resistance 
Circuit power = OFF 
Black lead = COM 
Red Lead = Ω/V 

Dial = Ω (select range) 

 
Touch the legs of what you want to measure. 

 

Measuring Continuity 
Circuit power = OFF 
Black lead = COM 
Red Lead = Ω/V 

Dial = Ω 
Same setup as resistance but you cannot measure continuity through objects that have resistance. 



 
Use the multi-meter to test the voltage, current and resistance in the last two circuits.  If you don’t know how 

to use the multi-meter, Look at the final pages of the handout or watch the instructional video: 
http://sites.lwhs.org/techarts/2013/08/01/multimeter/ 
 

 

Circuit A: Set Voltage to 9V 

 
 
 

What’s the voltage drop between point A and B (R1)? _______________________ 
 
What’s the voltage drop between point B and C (LED1)?________________________ 
 
What’s the voltage drop between point C and D (LED2)?________________________ 
 
What do you think the voltage drop would across LED3?________________________ 
 
What do you think the voltage drop would across LED4?________________________ 
 
Add all the voltage drops up.  Your total is what and is it equal to…..? _____________ 
 
Break the circuit at point B.  What is the current in the circuit? ____________________ 
 
Turn the circuit off, measure the resistance on R1. ______________________ 
 
Test Continuity (power must be off).  Is there continuity between points B and C? 
____________________ 
 

 
 
 
 



 
Circuit B: Set Voltage to 9V 

 
 

What’s the voltage drop between point A and C (R1)? _______________________ 
 
What’s the voltage drop between point C and D (LED1)?________________________ 
 
Add the previous 2 voltage drops.  Your total is what and is it equal to…? 
_________________________ 
 
What do you think the voltage drop would across LED3?________________________ 
 
What do you think the voltage drop would across R4?________________________ 
 
Break the circuit at point A.  What is the current in the circuit? ____________________ 
 
Break the circuit at point E.  What is the current in the path? ____________________ 
 
Test Continuity (power must be off).  Is there continuity between points A and B?________ 
 
Test Continuity (power must be off).  Is there continuity between points C and E? ________ 
 
Test Continuity (power must be off).  Is there continuity between points D and GND? _______ 
 
 
Comparison: 
What’s different about how the current travels through circuit A and B? 
____________________________________________________________________ 
 
What about how the voltage is present in each circuit? 
___________________________________________________________________ 
 
 



 
Final Circuit : Parts and Symbols Guide 

 
LED 

 
 

 Resistor 
 

 
 

 

 

Diode 

 
 

 Switch (3 position) 

 
 

 

 

Unpolarized Capacitor 

 

 

 

 Electrolytic Capacitor 

 

 

 

Atmega 328 (Arduino) Integrated Circuit 

 

 

 Crystal (16mhz) 
 

 

 
 

 

5v Voltage Regulator 

 

 

 Single Row Connector (6 pins) 

 

 
 

 

 
 
 
 
 
 

 
 

 



Electrical Schematic (ANALOG) = Build on LEFT side of breadboard: 
 
 

 
 

Electrical Schematic (DIGITAL) = Build on RIGHT side of breadboard: 
 

 



 
 
 

     Entire Electrical Schematic /  Hooking Digital to Analog:  
 

 

 
 
 
 
 
 
 



CIRCUIT MAP                                         
 

 

What’s Already Drawn: What You Need to Add: 
þ Power Jack 
þ Switch 
þ Programmer Header 
þ 10uf Capacitor 
þ Voltage Regulator 
þ .1 uf Capacitor 
þ 10 K resistor 

� 8 = LEDs  
(REMEMBER LEDS CAN BE ON BACKSIDE AS WELL) 
� 8 = 150Ω resistors 
� 16 = diodes 
� Wire Connections to Arduino  



 
 

 

 
 
 
 
 


