PHYS 1112L - Introductory Physics Laboratory II
Laboratory Advanced Sheet
dc Circuits

1. Objectives. The objectives of this laboratory are
a. to be able to construct dc circuits given a circuit diagram and circuit
components.
b. to test the relationships for potential differences in series and parallel
combinations of resistors.
c. to be able to use Kirchhoff's rules to analyze dc circuits.

2. Theory.
a. The relationships for equivalent resistance for series and parallel
combinations of resistors in a circuit with emf applied are given by the
following equations:
1) For a series combination of resistors, the current in each
resistor is the same,
I = I1 = I2 = I3 = . . .
and the sum of the potential drops across the resistor are
equal to the emf of the voltage source,

 = V1 + V2 + V3 + . . .
2) For parallel combination of resistors, the potential
difference across each resistor is the same and equal to the
emf provided by the voltage source,

 = V1 = V2 = V3 = . . .
b. Kirchhoff's rules for the analysis of multiloop circuits are

1) The sum of the currents entering any circuit junction is
equal to the sum of the currents leaving the junction.
2) The algebraic sum of the changes in potential across all
elements around any closed circuit loop is equal to zero.
c. Application of the second rule implies the following conventions:
1) If an emf is traversed in the direction from minus (-) to
plus (+) the change in potential is positive.
V = +
2) If an emf is traversed in the direction from plus (+) to
minus (-) the change in potential is negative.
V =

-

3) If a resistor is traversed in the direction of the current, the
change in potential is negative.
V =

- IR

4) If a resistor is traversed in a direction opposite that of the
current, the change in potential is positive.
V = +IR
d. Using Kirchhoff's rules, a set of simultaneous linear equations is
produced. This set of equations is then solved for the assumed currents.
e. In this experiment,
1) dc circuits will be constructed from circuit diagrams that
provide nominal values of resistances and emfs.
2) Measurements of the resistances and emfs actually used
in the dc circuit will be made, as will measurements of the
potential drops across each resistor in the circuit.
3) For the series and parallel combinations of resistors,
measurements of emfs and potential differences will be
made and compared to verify the potential difference
relationships described in paragraphs 2a1) and 2) above.

4) Kirchhoff's rules will be used with the actual values of the
resistances and emfs to calculate the predicted values of
currents in the loops of a circuit. The predicted currents and
measured resistances will be used to calculate the predicted
values for the potential drops across each resistor in the
circuit. The predicted and measured potential drops across
each of the resistors of the circuit will be compared to allow
verification of Kirchhoff's rules.

3. Apparatus and experimental procedures.
a. Equipment.
1) Variety of resistors.
2) Breadboard and/or connecting wires.
3) Multimeter.
4) Power amplifiers (2)
5) Computer interfaces (2)
6) Computers (2).
b. Experimental setup. A figure for the experimental setup (three circuit
diagrams) will be provided by the student.
c. Capabilities. Capabilities of the equipment items listed in paragraph 3a
will be provided by the student.
d. Procedures. Detailed instructions are provided in paragraph 4 below.

4. Requirements.
a. In the laboratory.
1) Your instructor will introduce you to the equipment to be
used in the experiment.
2) Your instructor will provide your lab group three circuit
diagrams for this laboratory experiment.

3) Measure and record the actual resistances of the resistors
specified in your circuit diagrams. Each lab group will have
its own set of three resistors.
4) Construct the series circuit. Do not turn on the power
amplifier until your instructor has verified that you have
correctly constructed the circuit.
5) Turn on the power amplifier and use the computer to set
its output voltage to that required in your circuit diagram.
Record this value.
6) Measure and record the potential drops across each of
the resistors in your circuit. Be careful to note the polarity of
the measured potential differences across the resistors.
7) Use these results to test if

 = V1 + V2 + V3 + . . .
8) Construct the parallel circuit. Do not turn on the power
amplifier until your instructor has verified that you have
correctly constructed the circuit.
9) Turn on the power amplifier and use the computer to set
its output voltage to that required in your circuit diagram.
Record this value.
10) Measure and record the potential drops across each of
the resistors in your circuit. Be careful to note the polarity of
the measured potential differences across the resistors.
11) Use these results to test if

 = V1 = V2 = V3 = . . .
12) Construct the multiloop circuit for the test of Kirchhoff's
rules. Do not turn on the power amplifiers (you will need to
use two computers, interfaces and power amplifiers for this
circuit) until your instructor has verified that you have
correctly constructed the circuit.
13) Turn on the power amplifiers and use the computers to
set their output voltages to that required in your circuit
diagram. Record these values.

14) Measure and record the potential drops across each of
the resistors in your circuit. Be careful to note the polarity of
the measured potential differences across the resistors.
15) Use Kirchhoff's rules with the measured emfs and
resistances to calculate the predicted values of the currents
in the loops of the circuit.
16) Use the predicted values of the currents to calculate the
predicted potential drops across each resistor. Compare the
predicted and measured potential differences across the
resistors to verify Kirchhoff's rules.
17) Your instructor will discuss methods to solve sets of
simultaneous linear equations.
b. After the laboratory. The items listed below will be turned in at the
beginning of the next laboratory period. A complete laboratory report is
not required for this experiment.
Para 3. Apparatus and experimental procedures.
1) Provide figures of the three circuits annotated with the
actual values of the emf(s) and resistances used (para 3b).
2) Provide descriptions of the capabilities of equipment used
in the experiment (para 3c).
Para 4. Data. Data tables are included at Annex A for recording
measurements taken in the laboratory. A copy of these tables must be
included with the lab report. Provide the items listed below in your report in
the form a Microsoft ExcelTM spreadsheet showing data and calculations.
The spreadsheet will include:
1) A table of circuit data from the three sets of
measurements.
2) The values of the measured potential drops across each
resistor in each circuit.
3) Calculations to check the agreement of the
measurements to the relationships for emfs and potential
differences in series and parallel circuits.
4) Calculations of the predicted current in each loop of the
Kirchhoff's rules circuit.

5) Calculations of the predicted potential drops across each
resistor of the Kirchhoff's rules circuit.
6) Calculations of the percent discrepancy between the
measured and predicted values of the potential drops across
each resistor of the Kirchhoff's rules circuit.
Para 5. Results and Conclusions.
a. Results.
1) A statement regarding the verification of the relationship
between emf and potential difference across the resistors in
a series circuit.
2) A statement regarding the verification of the relationship
between emf and potential difference across the resistors in
a parallel circuit.
3) A table providing a summary of the measured and
predicted values of the potential drops across the resistors in
the Kirchhoff's rules circuit.
4) A statement regarding the verification of Kirchhoff's rules
for the dc circuit used in this experiment.
b. Conclusions. Provide a description of the sources of
error in the experiment.

Annex A
Data
1. Series circuit.
a. Circuit diagram.

b. Circuit elements.
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c. Measured potential drops across resistors.
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2. Parallel circuit.
a. Circuit diagram.

b. Circuit elements.
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c. Measured potential drops across resistors.
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3. Kirchhoff's rules circuit.
a. Circuit diagram.

b. Circuit elements.
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c. Measured potential drops across resistors.
resistor

potential drop
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