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The format of this prelab is slightly different from the previous prelabs. The questions 
will be within the material instead of at the end of the material. 

RC Circuits 

RC circuits are used in cameras to enable the flash to work. The capacitor becomes 
charged and then the charge is quickly dissipated while releasing light when the shutter 
button is pressed.1 Another application of RC circuits is within the nitrogen laser. 
Capacitors are charged to 30,000 V and then discharged across nitrogen gas. The 
excited gas then releases light at 337 nm. There are also many applications for RC 
circuits in alternating current circuits, which will be covered in a few labs. For a review of 
basic capacitor properties, play with the Phet Sims at: 

https://phet.colorado.edu/en/simulation/capacitor-lab-basics. 

Read over your lab manual about RC circuits.2 The main points to remember are 
summarized here. 

An RC circuit has a voltage source, a resistor, a capacitor, and a switch all in a circuit. 
When the switch is open, there is no current flowing in the circuit because the circuit is 
open. The moment the switch is closed, the capacitor has no charge and the full current 
is flowing through the resistor. As the capacitor is charged, the current through the 
resistor exponentially decays (due to Ohm’s Law). Once the capacitor is fully charged, 
then the current through the resistor is zero. 

In this lab, the Pasco interface can be difficult to set up. Instead of using a physical 
switch like you used in Ampere’s Law, you will use a voltage source that turns on and 
off by a square wave (Recall your square wave shape from the Oscilloscope Lab.). The 
voltage source will be at 4 V for a period of time and then 0 V for the same period of 
time and so forth (see Figure 3 in your lab manual).2 You want to make sure that you 
keep track of the voltage that you are measuring versus the voltage that you are 
supplying (square wave) to the circuit. The voltage that you are supplying will come out 
of the right side of the Pasco box. This is the Output Voltage-Current Sensor. The 

https://phet.colorado.edu/en/simulation/capacitor-lab-basics


voltage you measure will be Input A on the Pasco box. The Hardware setup for Input A 
will be chosen as Voltage Sensor. The figures below will guide you in the setup and aid 
your understanding of what you will be doing in lab. 

 

 

Voltage sensor to 
measure across a 
circuit element 
(like the capacitor) 

Voltage source to 
supply the circuit 
(here we use a 
square wave) 

Voltage sensor to 
measure voltage 
across capacitor 

Voltage source to supply square wave 

Yellow banana cord shorts out the inductor from the circuit so that the current flows from the 
voltage source to A through the 10 ohm resistor then through yellow cord then to Q through 
the 10 µF capacitor to F back to the voltage source 

Inductor 



 
Selects the voltage source for input A 

V 

The green lines 
show the current 
path from the 
voltage source 
through the 
resistor then 
through the 
capacitor and 
back to the 
voltage source. 



 
Selects Output Voltage-Current Sensor as the voltage source to the circuit. 

 
Selects the Square Wave option under the Signal Generator 



 

Selects 50 Hz for the 10 Ω resistor, 100 µF capacitor combination. You will change this 
for other combinations. The 2 V amplitude is 2 V peak-to-peak so 4 V overall going from 
-2 V to 2 V, but we want 0 V to 4 V so the Voltage Offset is set to 2 V to achieve this. 
Auto button is also checked. 

 
Here the Voltage Sensor is selected and the sample rate is set to 1 kHz. This will set 
how often we sample the voltage across the capacitor. Is this adequate? Let’s look at 
some data. 



 
This is 1 kHz data. There are not that many points. 

 
Let’s try 2.5 kHz. Here is what that data looks like: 

Also note that the y-axis is the Voltage 
sensor! Do not get confused and make 
it the Output Voltage-Current Sensor or 
you will just see the 4 V square wave! 



 
There are still not that many points. 

 
Let’s up the sample rate to 10 kHz. Here is the data: 



 
Here there are more points. The capacitor charges exponentially with the voltage supply 
set at 4 V. Then the capacitor discharges exponentially when the voltage supply is set 
to 0 V. We can select only the points we are interested in after we make sure the table 
data has enough significant figures: 

 



 

Use this tool to 
select the data 

Use the arrow to select 
the box size 



 
Data selected 

 
Select the data on the table where the voltage is highlighted in yellow. Then copy it and 
paste it into Excel. 



 

 
Make a new time column by deleting the offset time from Column A. 



 
Plotted data of voltage vs time and ln(voltage) vs time. Note the curve at the end of the 
linear part. This comes from the noise in the zeros once the capacitor has fully 
discharged. Delete those extraneous points to get a nice line like this: 

 

The slope is 1/time constant. For this case (10 Ω and 100 µF), the experimental time 
constant is 0.00118 s compared to the theoretical time constant 0.001 s. 

Not so linear anymore 



 

Questions: 

1. Fill out the Excel sheet for the RC Circuit lab as shown in Figure 6 of your lab 
manual.2 

2. Recall that resistors have tolerances. Capacitors do also. Sampling points (like 
discussed in the oscilloscope prelab) will limit your resolution of your 
measurements. You will adjust your sample rate in the Controls Pallette to 
acquire enough data points. You see above how this affects the data 
measurements. What should the sampling rate be for the 10 Ω, 330 µF 
combination (see your Excel table)? 

3. How will your theoretical values for your time constant τ change if the capacitor 
value changes by 10% and the resistor value changes by 10%? 

RL Circuits 

Michael Faraday discovered electromagnetic induction in 1831. A changing magnetic 
field will induce an electric current in a closed loop of wire. The direction of the current 
will be in a direction that will oppose the change in magnetic field (Lenz’s Law). 

Questions: 

4. Go to: https://phet.colorado.edu/sims/html/faradays-law/latest/faradays-
law_en.html 

Click on the Field Lines box to keep it checked. This shows the magnetic field lines. 
Remember that the closer the lines are together, the stronger the magnetic field. The 
magnetic flux through the wire will increase as you move the magnet towards the 
coil of wire because the lines are more dense and thus the magnetic field is stronger 
in the coil of wire. What direction does the current flow in the wire? Draw a diagram 
to show the current direction. What happens if you put the magnet all the way 
through the wire? What happens if you flip the magnet so that the opposite pole 
enters first? 

Read over your lab manual about RL circuits.2 An RL circuit has a voltage source, a 
resistor, an inductor, and a switch all in a circuit. When the switch is open, there is no 
current flowing in the circuit because the circuit is open. Recall from previous labs 
(Ampere’s Law and Helmholtz Coils) that a magnetic field will be generated around a 
wire when current flows through it. In the RL Circuit lab we put a coil of wire called an 
inductor into a circuit. When we turn on the current in the RL circuit (either with a switch 
or with a square wave as we used in the RC Circuit lab), the current and magnetic field 
in the wire goes from 0 to a maximum value. Thus we have a changing magnetic field in 
the coil of wire (inductor), and a current that opposes this change is induced in the 
circuit. There will be an induced voltage or electromotive force (emf) across the coil as 
that magnetic field changes. Once the current is steady, the magnetic field no longer 
changes, and the opposing induced current/emf goes to zero. See Figure 4 on page 

https://phet.colorado.edu/sims/html/faradays-law/latest/faradays-law_en.html
https://phet.colorado.edu/sims/html/faradays-law/latest/faradays-law_en.html


241 of your lab manual.2 Also note that as the current goes to a steady state, the 
voltage drop across the resistor reaches its maximum. The voltage across the resistor 
will exponentially rise as the current goes from 0 to its steady state. RL circuits are used 
to prevent rapid changes in current. 

 

Questions: 

5. Fill out the Excel sheet for the RL Circuit lab as shown in Figure 6 of your lab 
manual.2 
 

6. What is the time constant for the RL circuit that produces a graph of voltage 
across the resistor vs time as shown below? 
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