
Experiment BT-6A: RC Circuits

Equipment Required

PC or Mac Computer

IX-TA-ROAM recorder, USB cable, power supply

A-BMET-B BMET Trainer Board

C-DIN-BB DIN to Breadboard Cable

C-BNC-BB BNC to Breadboard Cable

A-BMET-EC Electronic Components Set

Jumper Wires

Setup

1. Connect the C-DIN-BB Cable to port A5 on the TA-ROAM. Use extender cables for the yellow 
and brown leads.

2. Connect the C-BNC-BB Cable to the S1 (LV Stimulator) port on the TA-ROAM.

Figure BT-6A-S1: IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-6A: RC Circuits

Background

In previous labs, you explored how voltage, current, and resistance behave in resistive circuits (circuits 
containing resistors). While the voltage across a resistor responds almost instantly to changes in the 
input, many electronic systems contain components that take time to respond, such as capacitors. 
Capacitors are used throughout electronics for energy storage, timing, filtering, signal conditioning, and 
noise reduction.

When resistors and capacitors are combined, they form RC (resistor-capacitor) circuits. These circuits 
are widely used whenever a delay, timing interval, or controlled voltage change is required. Examples 
include power-on reset circuits, pulse-generation circuits, sensor interfaces, and electronic timing 
systems. Furthermore, many biomedical instruments process slowly changing physiological signals. 
Examples include ECG baseline stabilization, sensor smoothing, motion artifact reduction, alarm 
timing circuits, and data-acquisition systems.

In the first part of this two-part lab, you will investigate how RC circuits respond over time and observe 
how resistor and capacitor values influence circuit timing. Later, in the second part of this lab, you will 
look at how their sister RL circuits work.

Theory

1. Capacitors Intro

The most important characteristic of a capacitor is that it maintains a constant voltage, even when the 
voltage applied to it changes abruptly. They can do this because they are reactive components, 
meaning they can store and release energy.

Capacitors are also extremely common, being the second most-used components after resistors. They 
are useful for applications like smoothing voltage, filtering signals, storing energy, and timing.

The capacitance of a capacitor is how well it can store charge and oppose changes in voltage. It is 
determined by how the capacitor is made, so it does not change. It is given by the formula: 

C = Q
V

where C is capacitance (farads, F), Q is charge (coulombs, C), and V is voltage (volts, V). This means 
that if the capacitor can store more charge over a lower potential difference, then it will have a higher 
capacitance.

Uncharged capacitors always act as short circuits and charged capacitors always act as open circuits.
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The symbol for a capacitor is shown in Figure 1.

 

Figure 1. Capacitor symbol 

2. How Capacitors Work

Capacitors are able to react slowly to voltage changes because they store energy. They do this with the 
use of a very simple structure: two conducting plates with dielectric material between them, as shown 
in Figure 2. (Dielectrics are just insulators that can be polarized, meaning one side becomes positive 
and the other becomes negative.)

Figure 2. Charged capacitor

A simple circuit with a capacitor and a battery is shown in Figure 3. Before the power from the battery 
is turned on, both electric plates on the capacitor are neutrally charged.
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Figure 3. Simple capacitor circuit

When we do turn on the power, electrons try to flow to the battery’s positive terminal. Electrons from 
the battery’s negative terminal only make it to the capacitor’s bottom plate before being stopped by the 
dielectric. Electrons that were already on the top plate successfully flow to the positive terminal. 

Now the bottom plate is negatively charged because it has more electrons, and the top plate is 
positively charged because it has less electrons, as shown in Figure 2. This difference in charge is the 
capacitor’s potential difference (aka voltage). As the electrons flow, this voltage will gradually 
increase until it equals the supply voltage of the battery. The greater the voltage across a capacitor has 
become, the greater its electric field is. This electric field is what stores the capacitor’s energy.

Figure 4. Capacitor connected to load

The stored energy will discharge when we attach the capacitor to a load, like the light in Figure 4. 
Now the electrons on the top can flow around the circuit, through the load in order to reach the opposite 
plate. (They could not do this in the previous circuit because both the battery and capacitor are open 
circuits). If the load is an LED, then this current will cause it to light up. The current stops once there 
are the same number of electrons on both plates. Because they are now neutrally charged, the capacitor 
has a potential difference of zero volts, so it has been discharged.
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Regarding current across a capacitor, we can first consider a fully discharged capacitor, which has high 
current because the lack of potential difference makes it short circuit. Then as the capacitor charges, the 
current decreases (quickly at first and then more slowly as it reaches zero). Once fully charged, the 
capacitor lets no current through because it has reached the same voltage as the input and there is no 
more potential difference causing the electrons to move. Later when a capacitor loses its voltage and 
discharges, current increases because electrons move to neutralize the charge.

The changing current and voltage of a charging capacitor in an RC circuit is shown in Figure 5. A 
similar relationship for a discharging capacitor is shown in Figure 6. Note that the current is determined 

by the rate of change of the voltage, as expressed in the formula I = V
˙dV
dt

.

Figure 5. Charging capacitor’s voltage and 
current over time

Figure 6. Discharging capacitor’s voltage and  
current over time

3. RC Circuits

RC, or resistor-capacitor circuits are used to take advantage of capacitors’ charging capabilities. They 
are just like capacitor circuits, except they include a resistor to keep the uncharged capacitor from short 
circuiting directly to ground, which can damage the circuit due to the surge of current. 

4. Time Constant

The time constant of an RC circuit lets us accurately predict how long it will take a capacitor to charge 
to a certain voltage. It is represented by

τ = RC

where τ is the time constant (in seconds, s), R is resistance (in ohms, Ω), and C = capacitance (in farads, 
F).
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After one time constant, a charging capacitor reaches about 63% of its final value and a discharging 
capacitor falls to about 37% of its initial value, as marked in the figure above.

A circuit is generally considered fully charged or discharged after about five time constants.

5. Measuring RC Circuits

There are some extra considerations we must take when measuring reactive devices like capacitors.

For instance, an ideal voltmeter has infinite resistance, but real-world voltmeters have about 10 MΩ 
resistance. If we measured across the capacitor with a voltmeter like we did for the resistor circuits, 
then the voltmeter would cause loading from its own internal resistance, giving the capacitor a path to 
discharge. As a result, it would change the circuit’s time constant by making the capacitor discharge 
faster. We can avoid this issue by measuring across the resistor instead, and then subtract its voltage 
from the total voltage. (Measuring across the resistor doesn’t cause issues since current doesn’t want to 
flow through the high-resistance voltmeter. This is because current always takes the lower-resistance 
path when given parallel options.)

Pre-Lab Questions

1. Why would uncharged capacitors act as short circuits?

2. Why would charged capacitors act as open circuits?

3. Using the values in your kit, find a resistor and capacitor combination that will result in an RC 
circuit that fully charges in 5 seconds. Determine the error between your calculation and the 
ideal 5-second charge time. Show your work.

Hint: You have fewer capacitors to choose from than resistors, so try choosing a capacitor 
value first.

a) Draw four figures: voltage over time and current over time for each charging and 
discharging of your RC circuit.
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Experiment BT-6A: RC Circuits and Timing

Exercise 1: Measuring Capacitor Charging

Aim: To understand how a capacitor charges in an RC circuit, measure the RC time constant, and 
compare the measured charging response with theoretical predictions.

Approximate Time: 30 minutes

Procedure

Figure BT-6A-S1 shows the circuit that will be created in this lab.

 

Figure BT-6A-S1: RC Circuit with Switch.

1.  Locate Circuit G on your board.

2. Place switch SW3 in the open (off) position. 

3. Add the chosen resistor for RG and capacitor for CG that you calculated for the 5-second 
charge-time in the prelab.
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4. Provide an input of 5V using the C-BNC-BB cable. 

a) Connect the red pin to ING1.

b) Connect the black lead to one of the GND pins in the Inputs section.

5. Record the voltage using the C-DIN-BB cable.

a) Connect the + (red lead) to the VCC pin in the Inputs section.

b) Connect the - (black lead) to the VEE pin.

c) Connect the ground (green) to a GND pin.

d) Measure the voltage across TPG2 and TPG3 by placing the yellow lead at TPG2 and the 
brown lead at TPG3.

6. In LabScribe, press the red REC button.

7. Wait 5-10 seconds to record a baseline. 

8. Keep the recording going, and now switch SW3 into the closed (on) position. 

9. Observe the shape of the voltage curve.

10. Once the capacitor reaches a steady value, press STOP to stop the recording.

11. Save the data file by clicking File – Save As. Be sure to name the data file appropriately. 

12. Complete the first line of Data Table BT-6A-L1 with your chosen resistor and capacitor values.

Table BT-6A-L1: Data Table for Exercise 1 – Measuring Capacitor Charging

Data from Charging RC Circuit with ____Ω resistor and _____ F capacitor

Value Type
 Initial Voltage 

(_____)
 Final Voltage 

(_____)
Total Charging Time 

(_____)
 Time Constant 

(_____)

Theoretical

Measured
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Percent 
Error (%)

Data Analysis

1. Position the voltage trace in the center of the window, as shown in figure BT-5A-S2.

Figure BT-5A-S2: Voltage trace of the capacitance output displayed in the Analysis window.

2. Click on the magnifying glass icon to enter into the Analysis window. The Analysis window can 
be used to simplify measurements.

3. Look at the Function Table that is above the uppermost channel displayed in the Analysis 
window. The mathematical functions, Value1, Value2, V2-V1, and T2-T1 should appear in this 
table. Values for these parameters on each channel are seen in the table across the top margin of 
each channel. 

4. Place the first cursor at the point where the voltage starts to increase. Place the second cursor at 
the point where the voltage is steady. As you move the cursors, the values at the top of the 
Voltage Recorded Channel will change. The values of the parameters in the Function Table can 
be recorded in the on line notebook of LabScribe by typing their names and values directly into 
the Journal, or on a separate data table. 
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5. The functions in the channel pull-down menus of the Analysis window can also be used to enter 
the names and values of the parameters from the recording to the Journal. To use these 
functions: 

• Place the cursors on either side of the section of data to be analyzed. 

• Transfer the names of the mathematical functions used to the Journal using the Add Title to 
Journal function in the Voltage Recorded Channel pull-down menu. 

• Transfer the values to the Journal using the Add Ch. Data to Journal function in the Voltage 
Recorded Channel pull-down menu. 

6. Measure the following parameters from the Voltage Recorded Channel for the region of data 
selected: 

• Initial Voltage, which is the value for V1.

• Final Voltage, which is the value for V2.

• Charging time, which is the value for T2-T1. 

7. Record the values for these parameters in the data table.

8. Click the Save button to save the file. 

9. Click on the Main icon in the LabScribe toolbar to return to the Main window.

Questions

1. Does the voltage rise or fall as the capacitor charges? Why?

2. How long did it take the capacitor to reach approximately 63% of its final value? Calculate this 
value from the initial and final voltages, and include it in Data Table BT-6A-L1.

3. What factors may have caused measurement error?

Exercise 2: Measuring Capacitor Discharge

Aim: To understand how a capacitor discharges through a resistor, measure the RC time constant 
during discharge, and compare the measured discharge response with theoretical predictions.

Approximate Time: 30 minutes

BMET Trainer – RCCircuits – Labs                            BT-6A-9



Procedure

1. Keep the same connections as Exercise 1.

2. Start the recording to fully charge the capacitor. Make sure the voltage reading is 5V.  

3. Remove the source voltage, and place a short from ING2 to ING1.

4. Observe the shape of the voltage curve.

5. Stop recording once the capacitor reaches a steady value.

Table BT-6A-L2: Data Table for Exercise 2 – Measuring Capacitor Discharging

Data from Discharging RC Circuit with ____Ω resistor and _____ F capacitor

Value Type  Initial Voltage (_____)
 Final Voltage 

(_____)
Total Charging 
Time (_____)

 Time 
Constant 
(_____)

Theoretical

Measured

Percent Error (%)

Data Analysis

1. Use the double display time (double mountain peaks icon) to increase the display time so that 
the entire recording is visible on the screen.

2. Enter into the Analysis window.

3. Place the first cursor at the point when ING1 was connected to ground. Place the second cursor 
at the point where the voltage is steady. 

4. Measure the following parameters from the Voltage Recorded Channel for the region of data 
selected: 

• Initial Voltage, which is the value for V1.
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• Final Voltage, which is the value for V2.

• Charging time, which is the value for T2-T1.

5. Record the values for these parameters in data table BT-5A-L2. 

6. Click the Save icon to save the file. 

7. Click on the Main icon in the LabScribe toolbar to return to the Main window.

Questions

1. Does the voltage rise or fall as the capacitor discharges? Why?

2. How long did it take the capacitor to reach approximately 37% of its initial value? Calculate 
this value from the initial and final voltages, and include it in Data Table BT-6A-L2.

3. What factors may have caused measurement error?

Exercise 3: Effect of Resistance

Aim: To understand how resistance affects the charging time and time constant of an RC circuit while 
capacitance remains constant.

Approximate Time: 30 minutes

Procedure

1. Keep capacitance constant using a 1 uF capacitor.

2. Repeat Exercise 1 using 10 kΩ and 100 kΩ resistors successively.

3. Observe charging curves for each resistor.

Table BT-6A-L3: Data Table for Exercise 3 – Effect of Resistance

Data from Charging RC Circuit with ____F Capacitor

Resistor Value (_____)  Theoretical Charge Time Measured Charge Time Percent Error
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(_____) (_____)
(%)

Questions

1. Which circuit charged fastest? Which circuit charged the slowest? Why?

2. What relationship exists between resistance and charging time? Explain conceptually and by 
using at least one given formula.

3. Based on your results, what is the practical tradeoff between using a smaller versus larger 
resistor in an RC circuit? 

Exercise 4: Effect of Capacitance

Aim: To understand how resistance affects the charging time and time constant of an RC circuit while 
capacitance remains constant.

Approximate Time: 30 minutes

Procedure

1. Keep resistance constant using a 100 kΩ resistor.

2. Repeat Exercise 1 using a 0.1 μF and 0.22 μF successively.

3. Observe charging curves for each capacitor.

Table BT-6A-L4: Data Table for Exercise 4 – Effect of Capacitance
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Data from Charging RC Circuit with ____Ω Capacitor

Capacitor Value (_____)
 Theoretical Charge Time 

(_____)
Measured Charge Time 

(_____)

Percent Error

(%)

Questions

1. Which circuit charged fastest: the 0.1 µF or 0.22 µF circuit? Which charged the slowest? Why?

2. How does increasing capacitance affect the charging time of an RC circuit? Explain using the 
time-constant equation.

3. Based on your results, what is the practical tradeoff between using a smaller versus larger 
capacitor in an RC circuit?

Challenge Activity (Optional)

A patient-monitor alarm circuit requires a delay of approximately 2 seconds before activating.

1. Design an RC circuit that produces a time constant near 2 seconds.

2. Select resistor and capacitor values from available components.

3. Build and test your design.

4. Compare predicted and measured timing.

Post-Lab Questions

1. Compare the charging and discharging curves you observed. How are the two curves similar, 
and how are they different?

2. A biomedical device needs a capacitor to charge quickly. Would you choose a larger or smaller 
resistance and capacitance? Explain your choices.
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3. A biomedical device needs a capacitor to maintain a voltage for a longer period of time. Would 
you choose a larger or smaller resistance and capacitance? Explain your choices.

4. Compare your theoretical time constants with the measured time constants. Were they the 
same? If not, what could explain the difference?
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