Multiloop Circuits

Equipment:

connecting wires and alligator clips

resistors of various resistances

2-3 batteries 
DC multimeter

laptop computer

masking tape

In this lab, you will build and analyze a multiloop circuit. The circuit you will build will utilize three loops, consisting of a selection of resistors and a selection of at least two batteries. Choose any combination of 30Ω to 150Ω resistors. It’s best for you and the instructor if all your resistors are unique. Each circuit loop must contain at least one resistor. A sample circuit is shown below:


All multiloop circuits obey Kirchoff’s Rules.
· Kirchoff’s Junction Rule: The algebraic sum of the currents coming into and going out of a circuit junction (as indicated by the dots on the above diagram) must be zero:
Iin = Iout
· A current coming into a junction is positive, and one going out is negative.

· Application of this rule allows one to determine what the relationships are between various currents. The currents themselves are not yet known. The directions you assume for the currents may be correct or incorrect, but the relationships will be correct. 
· Kirchoff’s Loop Rule:  The algebraic sum of the voltages around one complete loop (in any direction you desire) must be zero:
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· The voltages may be positive or negative. 

· For a battery, the sign is positive if traversed from ( to ( and negative if traversed from  ( to (.

· For resistors, the following rule applies: If a resistor is traversed in the direction of the assumed current, the voltage change (V=iR) is negative, otherwise it is positive.
A. Design a multiloop circuit and make a schematic drawing to be included in your lab report. Label all unique currents as i1 , i2 , i3, etc.
B. Choose three junctions and write Kirchoff’s junction equations for them.  Label your junctions on your drawing.
C. Apply Kirchoff’s loop rule to the three loops in your circuit to get three more equations.  Label your loops on your drawing.

D. Along with your current-junction equations, you have a total of six equations. This system of six equations and six unknowns will be solved using a computer. Before entering into the computer, the equations must be written, each to a row, in a standardized format: All terms with i1 are written in the same “column”, all i2 terms are written in the next column, and so on. Those terms not containing any of the i variables are moved to the right side of the = sign. If a particular equation does not have a term for, say, i4 , then write that term as 0i4 .   
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E. The matrix that describes this set of equations is written by preserving this row-and-column arrangement, but rewriting the set as just the coefficients of the terms (the constant multiplying in , including its sign, but without the actual variable in ). The matrix should look like this:
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Above, each letter stands for a number, including a ( or ( sign. The values can be zeroes. This matrix is typed into the computer, which will be set up to solve the system of equations based upon the information contained in the matrix.
F. After obtaining your solution (i.e. a set of values for i1 , i2 , i3 , etc.) you will build the circuit and make current measurements to check your answer. (Mother Nature is always right; if there is a large discrepancy, you have either made the measurement incorrectly or one or more of your equations is wrong.) Note that your measured currents can be positive or negative, depending upon the direction of the current relative to the direction you assumed. You may have to try a second time with your equations and measurements. Maybe a third?

Once you have achieved a correct solution, you are encouraged to save your Excel circuit spreadsheet file on a flash drive and take it with you. It may be useful while writing your lab report.

Points to remember:

· Label only unique currents on your circuit. (Trace the circuit diagram with your finger to make sure you don’t have one current labeled with two variables, e.g. i4 and i1 .)

· Ammeters must be put into a circuit in place of a wire in order to measure a current that flows through that wire.

· Current flows into the + terminal of an ammeter and out of the (-) or “com” terminal. If the meter needle moves backward, reverse the leads but note which direction the current flows on your physical circuit.

· “Negative” currents (from the computer solution) indicate that the predicted current is in a direction opposite the direction you guessed when writing down your equations. Keep this in mind when comparing predicted and measured results.

For your lab report:

1. In the Procedure portion of your lab report, be sure to note any mistakes that were made on your first try, and what you did to correct them. 
2. Did you measure any negative currents? Are negative currents realistic? What would cause you to measure negative currents anywhere in your circuit?
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