
DC Circuits Using PhET Simulator
Notes:
1. This lab is a two-week long lab, to be done on your own (not with lab partners) and off-campus.
2. Only a summary must be submitted. Please check 'Summary_template.docx' for a template of the summary.
3. Your TA might (not always) provide feedback which you should incorporate into your later lab reports and/or lab summaries.  The short summary should discuss some (not all) elements mentioned in the handout “How will this lab be conducted?”.  
4. Turning in your summary: 
a. Collaborate with your partners on data collection, analysis and report.
b. Turn in only one summary, but be sure it lists all group members as authors. 
c. Lab reports and lab summaries should be uploaded to Canvas by the deadline in the course calendar.
d. Do not include raw spreadsheets in the reports or summaries.  You may want to use figures in your report/summary that can contain snapshots of spreadsheet(s).
5. Getting help:
a. Your lab TA can answer questions by email or at their office hour (listed in the syllabus).
b. You can also ask advice from lab partner(s) and/or other students.

Objectives of this lab:

During the first two weeks of this lab, you will design your own 2-loop DC circuit which must contain 3 resistors and 2 batteries. The batteries must be on different legs and the resistors must also be on different legs.  You will use the two conservation principles (Kirchhoff and current conservation) to solve, by hand, for the three currents (both magnitude and direction for each). You will then, by hand, determine the voltage drops across each resistor (include the polarity).

On the third week of this lab, using the PhET DC Circuit Simulator, you will construct your circuit and verify the three currents (magnitude and direction for each) and the voltage drops across each resistor (with polarity).

These are things you will do:
1. Use DC circuit analysis techniques, as presented in-class, solve by hand, for the currents and the voltages.
1. Use the PhET DC Circuit Simulator to verify your computed values (from 1.).
1. Submit a short Lab Summary (not a detailed Lab Report) briefly describing both your hand-analysis and the PhET Simulator results.


What you will learn:
Please review the learning goals for the semester in lab in the handout from the first week. In addition, this lab has several specific goals:
1. You will practice keeping lab notes in a paper notebook, computer file, or other format.
You will enhance the data analysis skills you learned previously, by applying them to real data.
You will practice scientific communication skills by preparing graphs and writing a formal lab report or lab summary.


What goes in my lab notes, and what about my report/summary?

The purpose of personal lab notes is to enable you or a colleague to reconstruct what was done and why. 
They don’t have to be neat, in complete sentences, etc., but they do have to be useful. 
In a case like this, they should include things like what as the setup. 
Did you try different setups or take multiple data sets for same setup?
If you store multiple files, record what filenames correspond to what conditions.

The purpose of a report/summary is to explain what you learned and how you learned it. The sorts of things that belong here are
· A description of each step you did as part of the Activities.
· Any graphs or drawings to show to your results.
· Explain how you determined your results.
· Explain differences between calculated (theory) and the actual (measured) values.
· Your conclusions about any relevant and useful information you were able to extract.
· An analysis of the errors of the in your experiment.

EQUIPMENT:

For this lab, you’ll need to use your PC or smart-tablet.  Access to the PhET Simulator for DC Circuits is below:

https://phet.colorado.edu/sims/html/circuit-construction-kit-dc/latest/circuit-construction-kit-dc_en.html

DOs & DON’Ts:
· Don’t break your equipment (PC or tablet).
· Do consult with your Lab TA about the techniques you may want to consider as you design your particular experiment. 
· Don’t forget to record all data
· Do use your imagination and have fun.

ACTIVITY 1 (1st and 2nd Weeks): By Hand, DC Circuit Analysis
· On a sheet of regular paper, 8.5 x 11”, design your own 2-loop (3 legs) DC circuit. It must contain 3 different resistors and 2 different batteries.  Carefully label the battery polarities.
· The batteries must be on different legs and the resistors must also be on different legs. Of course, on two of the three legs there will be both a resistor and battery (in series).
· Assign arbitrary values to each element. As an example, the resistors could be: 3Ω, 5Ω, and 9Ω and the batteries: 3V and 8V.
· Assign an arbitrary variable for the current flowing in each leg, also choose an arbitrary (current) direction for each leg. As an example, the current in the first leg could be labeled: ia and flow upward, the current in the second leg could be labeled: ib and flow downward, etc.
· Using Kirchhoff’s Voltage Law (twice, i.e. for two loops) and current conservation (applied at one of the nodes), write down the three equations that will allow you to solve for the three currents.
· Using techniques learned from your college math course(s), simultaneously solve the three equations for the three unknown currents (both the magnitude of the current in each leg and the direction of the current in the leg).
· Next, using Ohm’s Law, determine the voltage drops across each resistor.  Clearly label the polarity of the voltage drop.  As an example, let’s say the voltage drop across one of the resistors is 3 volts, clearly label which side of the resistor is positive and which side is negative.
· Finally, check your work. You now know the voltages across each element (resistors and batteries) in the circuit.  Therefore, for two different loops, apply Kirchhoff’s Voltage Law and show that when you sum the voltages around the loop, the sum is zero.

ACTIVITY 2 (3rd Week): DC Circuit Analysis Using PhET Simulator
· Using your PC or smart-tablet, access the PhET Simulator for DC Circuits (the link is given above under EQUIPMENT).
· Using the Simulator’s Tools for: wires, resistors, and batteries, reconstruct your circuit that you designed in Activity 1.  Adjust the sliders on the batteries and resistors so that they equal the values you chose for your circuit.
· Using the Simulator’s Tools, access the Ammeter and insert it into each of the three legs. Verify the current magnitude and direction in each leg.  Does each current agree with your calculations of Activity 1?  Explain.
· Using the Simulator’s Tools, access the Voltmeter and place it across each resistor. Verify the voltages (and polarities) across the resistors.  Does each voltage agree with your calculations of Activity 1?  Explain.





