Kirchhoff’s Laws  —  PHY 162Lab

In this lab you will attempt to verify Kirchhoff’s Laws (junction rule and loop rule) for a two-loop circuit, using previously characterized resistors (R1, R2, R3) and two battery sets (about 3V and 1.5V). First you will examine a practice circuit to determine typical percent uncertainties and absolute errors in such systems. Then you will construct the two-loop circuit and measure the currents, checking for agreement with Kirchhoff’s Laws to that level of accuracy. Finally you will do the same with one battery reversed in polarity. As you note and calculate various preliminary quantities, make predictions, and measure experimental values and their uncertainties, you will incorporate these into a spreadsheet of your own making. This will be an important part of your lab report.

I:  PRACTICE CIRCUIT
A) Set up: Note the resistance values R1, R2 and R3 and their corresponding uncertainties. Measure the battery voltage V (either V1 or V2) and its uncertainty; this will be the predicted (theoretical) value of V when it is in the circuit. Connect the circuit as shown in the figure but do not yet allow current to flow: R1 and R2 in parallel, then in series with R3. Calculate the percent uncertainties and find the largest.
B) Prediction: Use resistance combination rules and Ohm’s Law as needed to predict the value of each current and voltage in the circuit: I1, I2, I3, V1, V2 and V3. 
C) Measurement: Now allow current to flow and measure the experimental quantities, one at a time, and note their uncertainties. To measure voltage, apply the voltmeter leads to the two ends of the resistor or battery. To measure current, insert the ammeter in series with the resistor. 
D) Check predictions against measurements: Calculate the percent differences between the predicted and the experimental values and find the largest. Take the largest of this value and the one found in part IA) to be the overall percent uncertainty. Also check the junction condition (i.e. one of Kirchhoff’s Laws for this simple circuit) to see the absolute errors in current that may be expected.

E) You now have both an overall percent uncertainty and an absolute uncertainty for current measurements to carry forward into the next part of the lab.
II:  TWO-LOOP CIRCUIT (diagram A)
A) Set up: Consider the circuit in the figure. Make sure your smallest resistor is R3, in the middle of the diagram. If R3 is not your smallest resistor, re-label the diagram so that your smallest resistor is in the middle. Connect the circuit but do not yet allow current to flow. 
B) Prediction: Use the rules for voltage change across resistors and batteries, and Kirchhoff’s Laws for two loops and one junction, to produce three linear equations in the unknowns I1, I2 and I3. Use the resistance values (R1, R2, R3) and voltage values (V1, V2; measured outside the circuit) to predict the currents (I1, I2, I3). Make sure your lab report has an explicit derivation of these predictions, including the three linear equations, their algebraic and/or numerical solution, and the predictions themselves. 

C) Measurement: Now allow current to flow and measure the experimental quantities (I1, I2, I3), one at a time, and note their uncertainties. 

D) Check predictions against measurements: Calculate the percent differences between the predicted and the experimental values and find the largest. Compare these to the overall percent uncertainty from above. Also check the junction condition to find the absolute error in terms of current, and compare this to the absolute uncertainty for current measurements from above.
E) To this level of uncertainty, were you able to verify Kirchhoff’s Laws or not?
III:  TWO-LOOP CIRCUIT (diagram B)

A) Set up: As in IIA) except that one of the batteries is reversed. 

B) Prediction: If you used algebraic means to solve the three linear equations, your lab report need only include the new equations and predictions. Otherwise show the entire calculation. 

C) Measurement: As in IIC). 

D) Check predictions against measurements: As in IID). 
E) Again, to this level of uncertainty, were you able to verify Kirchhoff’s Laws or not?

LAB REPORT
Your lab report should contain the following components: Introduction, Data (complete spreadsheet), Analysis & Conclusions; Appendix 1 (circuit diagrams, linear equations and their solution), Appendix 2 (this document).
