
Experiment BT-2A: Series and Parallel 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-2A-S1: IX-TA-ROAM, C-DIN-BB cable (port A5), C-BNC-BB cable (S1).
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Experiment BT-2A: Series and Parallel Resistor Circuits

Background

In Lab 1, you learned how voltage, current, and resistance are related through Ohm’s Law. While a 
single resistor is useful for understanding these relationships, practical circuits rarely contain only one 
component. 

Most electronic systems contain multiple resistors connected together in series, parallel, or 
combinations of both. Understanding how these networks behave allows engineers and technicians to 
predict circuit operation, design interfaces, and troubleshoot equipment.

Theory

1. Series Circuits

Series circuits involve components connected end-to-end. More specifically, components in series 
share exactly one node, like in Figure 1.

Figure 1. Two resistors in series

1.1. Resistance in Series

The total resistance in series is: 

RSeries = R1 + R2 + R3 + … + Rn

As more resistors are added in series, the total resistance increases. 

1.2. Current in Series

Because there is only one path for current flow, the same current flows through every component. 

I Series = I 1 = I 2 = I 3 = I n
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1.3. Voltage in Series

Remember that voltage drop is the potential difference between two points in a circuit, similar to the 
gravitational potential difference between two heights. A smaller distance means a smaller potential, 
and if we add up small potentials across a larger distance, we get the total potential. That’s why the 
total voltage of resistors in series is the sum of their individual voltages.

2. Parallel Circuits

Parallel circuits involve components connected across the same two nodes, like the resistors in Figure 
2. The symbol || implies parallel components. 

Figure 2. Parallel resistors circuit schematic

2.1. Resistance in Parallel

The equivalent resistance is given by: 

1
RParallel

 = 
1
R1

 + 
1
R2

 + 
1
R3

 + … + 
1
Rn

For two resistors, you can use the formula:

R1∥2 =
R1R2
R1 + R2

2.2. Voltage in Parallel

Remember how voltage is measured with the voltmeter parallel, with one lead on either side of the 
component? Because components in parallel are connected on either side, this means they each have 
the same voltage across.
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V Parallel = V 1 = V 2 = V 3 = V n

2.3. Current in Parallel

Recall that current is the flow of electrons through the wire, much like the flow of water through a pipe. 
If water in a pipe is diverged into multiple paths, then each path will have less water than the whole: 

Similarly, current splits when components are placed in parallel, so the total current is the sum of each 
branch: 

I Parallel = I 1 + I 2 + I 3 + ... + I n

3. Example Problem

Based on the circuit in Figure 3, determine which resistors are in parallel and which are in series. Find 
an expression for the total resistance of the circuit from the perspective of the voltage source. 

 

Figure 3. Resistor circuit schematic

Solution steps:

1. R2 and R3 share exactly one node, so they are in series. We can write their total resistance as 
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.

2. R23 shares two nodes with R4, so they are in parallel. We can use the formula for two series 

resistors to get R234 = R23 ∥ R4 =
R23R4
R23 + R4

.

3. R1 shares one node with R234, so they are in series. We can write this as R1234 = R1 + R234. 

4. If we plug all of our calculations into R234 and simplify, we get R1234 = R1 +
(R2 + R3)R4

(R2 + R3) + R4
 

as the final answer. 

Pre-Lab Questions

1. Calculate the equivalent resistance of a 1 kΩ resistor and a 2.2 kΩ resistor connected in series. 

2. Calculate the equivalent resistance of a 1 kΩ resistor and a 2.2 kΩ resistor connected in parallel. 
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Experiment BT-2A: Series and Parallel Circuits

Exercise 1: Series Voltage

Aim: To understand how resistors operate in series.

Approximate Time: 40 minutes

Procedure

1. Locate Circuit A in the Resistor section as shown in figure BT-1-S1.

Figure BT-1-S1: The BT Trainer Board with labeled components.

2. Create a series circuit by placing the following components in the locations specified by Data 
Table BT-2A-L1.

Table BT-2A-L1: Data Table for Exercise 1 – Series Voltage

Component Locations

Location Component

RA1 1k ohm resistor 

RA2 5k ohm resistor 

RA5 10k ohm resistor 
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3. Supply power and ground to the circuit using the C-BNC-BB cable.

a) Connect the red lead to INA. 

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

Note: Power will be supplied through the S1 output on the data recorder. The S1 output is set to 5V in 
LabScribe, when the recording button is pressed in the software.

4. Measure the voltage drop using the C-DIN-BB cable.

a) Connect the red lead (+) to the VCC pin in the Inputs section on the right of the board.

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

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

d) Connect the yellow and brown leads to the specified test points as listed in the first row of 
Table BT-2A-L2. To measure the voltage drop across RA1, place the yellow lead at TPA1 
and the brown lead at TPA2.

5. In LabScribe, Press the red REC button to start the recording. The S1 ouptut will now supply 
power to the circuit. The voltage reading between the two test points will be visible in the Meter 
dialog box to the left of the screen.

6. Type “RA1” in the Mark box, and press ENTER to place a mark the recording. The drop down 
arrow located to the right of the Mark button can be used to easily find marked sections of data 
in the recording.

7. Record for ~10 seconds.

8. Press STOP to stop the recording. 

9. Repeat the procedure for each of the test point locations.

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

Table BT-2A-L2: Data Table for Exercise 1 – Series Voltage

Voltages for Various Resistors

Location Test Points Expected Voltage (_____) Measured Voltage (_____) Percent Error (%)
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RA1 TPA1, TPA2

RA2 TPA2, TPA3

RA5 JA7, JA8

RA125 TPA1, JA8

Data Analysis

1. Scroll to the section of the recording with the “RA1” mark. 

2. Switch into single cursor mode, by clicking on the 1 Cursor icon on the top toolbar. The 1 
Cursor icon is located directly to the left of the Preview button. Drag the red cursor so it is on 
the RA1 mark.

3. Record the value displayed in the Meter dialog window in the Measured Voltage column of 
Data Table BT-2A-L2. This value is also displayed at the right side of the screen, on the channel 
title.

4. Repeat the analysis steps above for each of the test points. 

Questions

1. Which of the three resistors had the greatest voltage drop? The lowest? Why?

Exercise 2: Parallel Voltage

Aim: To understand how resistors operate in parallel.

Approximate Time: 40 minutes

1. Continue using Circuit A.

2. Create a parallel circuit by placing the following components in each location in Data Table BT-
2A-L3.

Table BT-2A-L3: Data Table for Exercise 2 – Parallel Voltage

BMET Trainer – SeriesParallelCircuits – Labs              BT-2A-7



Component Locations

Location Component

RA3 1k ohm resistor 

RA4 5k ohm resistor 

RA5 10k ohm resistor 

3. Connect the power (red lead) at JA6. 

4. Connect the yellow lead to TPA3, and the brown lead to a GND pin.

5. Connect the yellow and brown leads to the specified test points as listed in the first row of Table 
BT-2A-L4.

6. Press the red REC button to start the recording. The voltage reading between the two test points 
will be visible in the Meter dialog box to the left of the screen.

7. Type “RA345” in the Mark box, and press ENTER to place a mark the recording. The drop 
down arrow located to the right of the Mark button can be used to easily find marked sections of 
data in the recording.

8. Record for ~10 seconds. 

9. Be sure to re-save your data file. 

Table BT-2A-L4: Data Table for Exercise 2 – Parallel Voltage

Voltages for Various Resistors

Location Test Points Expected Voltage (_____) Measured Voltage (_____) Percent Error (%)

RA345 TPA3, GND
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Data Analysis

1. Scroll to the section of the recording with the “RA345” mark. 

2. Switch into single cursor mode, by clicking on the 1 Cursor icon on the top toolbar. The 1 
Cursor icon is located directly to the left of the Preview button. Drag the red cursor so it is on 
the RA1 mark.

3. Record the value displayed in the Meter dialog window in the Measured Voltage column of 
Data Table BT-2A-L4. This value is also displayed at the right side of the screen, on the channel 
title.

Questions

1. Why did you have to change your test points to measure the voltage across series resistors RA1, 
RA2, and RA5? What was the combined voltage across all three resistors and how does it 
compare to the individual voltages?

2. Why does measuring from TPA3 to GND give you the voltage for all three resistors at the same 
time? What does this tell you about how voltage behaves in a parallel network versus a series 
string? 

Post-Lab Questions

1. Sample calculations:

a) Calculate the equivalent resistance of a 1 kΩ resistor, a 2.2 kΩ resistor, and a 4.7 kΩ resistor 
connected in series.

b) Calculate the equivalent resistance of the same three resistors connected in parallel.

2. Did your measured result always match your experimental results?

3. Summarize what you learned in about 2-3 sentences.
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