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

1. Objectives. The objectives of this laboratory are
a. to verify the functional dependence of the potential difference across a
capacitor in a charging RC circuit, and
b. to verify the functional dependence of the potential difference across a
capacitor in a discharging RC circuit.

2. Theory.
a. An RC circuit (see figure below) consists of a voltage source, and
resistor and capacitor in series. A switch in the circuit allows the circuit to
be charged or discharged (with voltage source removed).

b. When the switch is closed, the potential difference as a function of time,
V(t), across an initially uncharged capacitor in a charging RC circuit is
given by
V(t) = V0 ( 1 - e-t / RC )

(1)

where
V0 is the potential difference provided by the voltage source
in units of volts (V)
R is the resistance in the circuit in units of ohms (),
C is the capacitance in the circuit in units of farads (F), and
t is time measured from the instant the switch is closed in
units seconds (s).
c. In a discharging RC circuit, the voltage source is removed from the
circuit and the charged capacitor is allowed to discharge through the
resistor. Equation 2 below provides the voltage across the capacitor as a
function of time after discharge begins.
V(t) = V0 e-t / RC

(2)

where
V0 is the potential difference across the capacitor at the time
discharge begins, and
t is time measured from the instant that discharge begins.
d. In this experiment the potential difference across the capacitor for both
the charging and discharging cases will be measured as a function of
time. The resulting potential difference versus time data will be analyzed
to allow comparison of the functional relationships predicted by equations
1 and 2.
1) To accomplish the first objective, the switch will be closed,
allowing the capacitor to charge while measurements of the
potential difference across the capacitor versus time are
made.
2) To accomplish the second objective, the power source will
be turned off, allowing the capacitor to discharge through the
circuit (which includes the power source) while
measurements of the potential difference across the
capacitor versus time are made.

3) Note that in both experiments, the true capacitance and
resistance in the circuit includes that of the power source
and the wires. Additionally, the capacitance and resistance
of the power source are different when the source is on or
off. As a result the values of R and C are different in the two
parts of the experiment, even though the same circuit is
being used. As a result, the two time constants (RC) will
differ. This difference will not effect the determination of the
functional dependence required by the objectives.

3. Apparatus and experimental procedures.
a. Equipment.
1) Power amplifier.
2) Resistor.
3) Capacitor.
4) Connecting wires.
5) Switch.
6) Voltage sensor with signal interface and computer.
7) Multimeter.
b. Experimental setup. A figure for the experimental setup 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 and
software to be used in the experiment.

2) Measurements of the resistance and capacitance of the
circuit elements will be made using a multimeter.
3) Measurements to determine the functional relationship
between potential difference across a charging capacitor as
a function of time will be made.
4) Measurements to determine the functional relationship
between potential difference across a discharging capacitor
as a function of time will be made.
5) Your instructor will assist you in obtaining data files for
your measurements.
6) Your instructor will discuss methods to be used to prepare
your data for plotting using the Microsoft ExcelTM
spreadsheet program.
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 a figure of the experimental apparatus (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, calculations and
graphs. The spreadsheet will include:
1) A listing of the measured resistance and capacitance of
the circuit elements.
2) A table of data from the charging capacitor experiment.
3) A table of data from the discharging capacitor experiment.
4) Calculations of the time constants for both experiments.
5) Graphs of

a) Potential difference across the capacitor as
a function of time for the charging capacitor
experiment.
b) Potential difference across the capacitor as
a function of time for the discharging capacitor
experiment.
5. Results and Conclusions.
a. Results.
1) Statement regarding the verification of the functional
relationships for potential difference across a capacitor in
charging and discharging RC circuits.
2) A table comparing the time constant derived from the
multimeter measurements, and the charging and discharging
RC circuit experiments.
b. Conclusions.
1) Discussion of the three values of the time constant
obtained in the experiment with qualitative justification for
their differences.
2) Description of the sources of error in the experiment.

Annex A
Data
1. Multimeter measurements.
circuit element

nominal value

multimeter reading

resistor





capacitor

F

F

2. Sampling frequency and time between measurements.

sampling frequency
(Hz)

time between measurements
(s)

3. File names for potential difference versus time data sets.
experiment

file name

charging capacitor
discharging capacitor

Last update: February 13, 1999

