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GS10: Heart Rate, CO2, and Exercise
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Name _____________________
Class ______________
Date _________


Activity GS10: Heart Rate, Carbon Dioxide, and Exercise

(Heart Rate Sensor, pH Sensor)

Concept
DataStudio
ScienceWorkshop  (Mac)
ScienceWorkshop (Win)

Physiology
GS10 Heart Rate. DS
G10 Heart Rate
G10_RATE.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Heart Rate Sensor (CI-6543B)
1
Buffer solution: high pH
100 mL

pH Sensor (CI-6507A)
1
Buffer solution: low pH
100 mL

Balance (SE-8723)
1
Straw
1

Beaker, 250 mL 
3
Water, distilled
500 mL

Cup
1



Wash bottle
1



Protective gear
PS



NOTE: This activity requires the person whose heart rate is being measured to perform exercise (e.g., jogging in place) for several minutes. Do NOT perform this activity if vigorous activity will cause discomfort or be hazardous to the health of the person. 

What Do You Think?

[image: image1.wmf]How will mild exercise affect your heart rate and recovery time and how will it affect the amount of carbon dioxide in your breath?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background
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You probably have experienced the sensation of your heart beating strongly and your chest heaving after you participate in strenuous physical activity. 

Your nervous system monitors your entire body and signals your heart to beat faster in response to increased activity. You also increase your rate of breathing in order to keep up with your body’s demands for more oxygen and for the removal of carbon dioxide. 

Pulse rate, as measured by a Heart Rate Sensor using the ScienceWorkshop interface or manually at the wrist, measures how fast your heart is beating. Recovery time is how long it takes for the heart to return to its normal resting rate. If you blow through a straw into water, some of the carbon dioxide in your exhaled breath is dissolved into the water and changes the pH (measure of acidness) of the water. 

The Heart Rate Sensor is a small device that sends light through your ear lobe. As your heart pumps blood through your ear, the sensor measures changes in the amount of light transmitted through your ear lobe. The measurements correspond to beats of your heart and are recorded as voltage changes that the program can use to calculate your pulse rate.

The pH Sensor is a special type of electrode that measures the pH (potential of hydronium) of a substance. The pH of a substance is a measure of whether it is an acid, a base, or neutral. When carbon dioxide gas dissolves in water, it turns the water into a weak acid. The pH Sensor measures the change in pH of the water.

For You To Do

Use the Heart Rate Sensor to measure the heart rate of a person before and after mild exercise. Record the resting heart rate, the heart rate after mild exercise, and the amount of time it takes for the person’s heart rate to return to normal after exercise (called the recovery time).

Use the pH Sensor to measure the change in the pH of water that the same person will blow through before and after mild exercise. The carbon dioxide gas in the person’s breath will dissolve in the water and turn it into a weak acid. 

[image: image5..pict]PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the DIN plug of the Heart Rate Sensor to Analog Channel A on the interface. 

3.
Connect the DIN plug of the pH Sensor to Analog Channel B on the interface. 

4.
Open the file titled as shown:


DataStudio
ScienceWorkshop  (Mac)
ScienceWorkshop (Win)

GS10 Heart Rate. DS
G10 Heart Rate
G10_RATE.SWS

•
The document will open with a Digits display for heart rate, a Digits display for pH, a Table display for heart rate and pH, and a Graph display for heart rate and pH versus time. 

The DataStudio file also has a Workbook display. Read the instructions in the display. 
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Data recording is set at 50 measurements per second (50 Hz) and will stop automatically at 60 seconds.

PART II: Sensor Calibration and Equipment Setup
Sensor Calibration: pH Sensor 

•
To calibrate the pH Sensor you will need the following: wash bottle, distilled water, three beakers, buffer solutions of high pH (e.g. pH 10) and low pH (e.g. pH 4), pH Sensor. 

•
Put distilled water into the wash bottle and into one of the beakers. Put about 100 mL of the high pH buffer solution in one of the other two beakers and about 100 mL of the low pH buffer solution into the third beaker.

[image: image7..pict]1.
Remove the pH electrode from its bottle of buffer solution. Connect the electrode to the pH Sensor amplifier. To connect the electrode, push the BNC plug onto the receptacle on the Sensor amplifier and turn the BNC plug clockwise until it ‘clicks’ into place.

2.
Use the wash bottle to rinse the end of the electrode. Soak the pH electrode in the beaker of distilled water for 10 minutes.
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In the Experiment Setup window, double-click the pH Sensor icon.
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In DataStudio, the Sensor Properties window will open. Click the ‘Calibration’ tab. In ScienceWorkshop, the Sensor Setup window will open.

4.
Calibrate with the high pH buffer solution.

· Put the end of the pH electrode into the high pH buffer solution. 

· Check the voltage under ‘Current Reading’ in DataStudio or next to ‘Cur Value:’ in ScienceWorkshop. 

· When the voltage stabilizes, click the ‘Take Reading’ button under ‘High Point’ in DataStudio or the ‘Read’ button in the row for ‘High Value:’ in ScienceWorkshop.

· [image: image11..pict]Enter the pH value of the buffer solution. 

5.
Thoroughly rinse the pH electrode with distilled water and dry it with a tissue.

6.
Calibrate with the low pH buffer solution.

· Put the end of the pH electrode in the low pH buffer solution.  

· Check the voltage under ‘Current Reading’ in DataStudio or next to ‘Cur Value:’ in ScienceWorkshop. 

· When the voltage stabilizes, click the ‘Take Reading’ button under ‘Low Point’ in DataStudio or the ‘Read’ button in the row for ‘Low Value:’ in ScienceWorkshop.

· Enter the pH value of the buffer solution. Click OK to return to the Experiment Setup window.

7.
Thoroughly rinse the pH electrode with distilled water and dry gently.
•
You do not need to calibrate the Heart Rate Sensor. You will have a chance to check the Heart Rate Sensor before you begin recording data.

Equipment Setup

1.
Gently put the ear clip of the Heart Rate Sensor onto an ear lobe of the person who is to be tested. Connect the phone plug on the end of the ear clip cable into the side of the Heart Rate Sensor box.
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2.
Put distilled water into the cup. Put a straw into the water. Put the pH Electrode into the water.
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Sensor Check

DO NOT blow into the straw during the Sensor Check.

1.
Monitor data to check the Heart Rate Sensor and the pH Sensor. (In DataStudio, select ‘Monitor Data’ in the Experiment menu. In ScienceWorkshop, click ‘MON’.)

2.
Watch the Digits displays for Heart Rate and pH. The Digits display for Heart Rate may take a few moments before it shows a number. Be patient.

3.
After a few moments, click the STOP button to end the Sensor Check.

•
If the Heart Rate value remains at zero, try adjusting the ear clip on the ear lobe. 

PART IIIA. Data Recording for Resting Heart Rate
1.
Have the person who is being tested relax in a chair for about a minute. When the person is ready, begin recording data while the person is at rest. 

•
Data recording begins immediately, but the value of Heart Rate in the Digits display may not change for a few seconds. 

2.
Have the person take a few relaxed, deep breaths and then blow through the straw into the cup of water that has the pH Sensor in it. The person should blow at a steady rate for as long as possible without feeling uncomfortable.

•
Data recording will end automatically after 60 seconds. 

•
Run #1 will appear in the Data list.

PART IIIB. Data Recording After Mild Exercise
•
In this part of the activity you will measure Heart Rate and the change in pH of the water after the person being tested has done mild exercise. 

1.
Remove the ear clip from the ear lobe of the person being tested.

2.
Have the person stand up and do mild exercise such as “jogging in place” to raise the heart rate and the breathing rate for at least one minute. 

3.
After one minute of exercise, have the person sit down again. Quickly put the ear clip back on the person’s ear lob and begin recording data again. 

•
Data recording begins immediately, but the value of Heart Rate in the Digits display may not change for a few seconds. 

4.
Have the person take a few deep breaths and then blow through the straw into the cup of water that has the pH Sensor in it. The person should blow at a steady rate for as long as possible without feeling uncomfortable.

•
Data recording will end automatically after 60 seconds. 

•
Run #2 will appear in the Data list.

--------------------------

Ending the Activity

Equipment Clean Up

•
Check with your instructor about cleaning and putting away the equipment for this activity. 

Computer Shutdown

When you have finished, you have several options. 

1.
You can select ‘Quit’ from the ‘File’ menu to end the activity. 

2.
You can select ‘Save’ or ‘Save As…’ from the File menu to save your data for this activity and the changes you’ve made to the document. 

•
The original document is “locked”, so you should give your document a new filename.

Analyzing the Data
1.
Rescale the Graph display to fit the data. (Click ‘Scale to Fit’ in DataStudio or ‘Autoscale’ in ScienceWorkshop.)

[image: image12..pict]2.
Use the ‘Statistics’ feature in the Table display to find the ‘Mean’ heart rate and the ‘Min’ (minimum) value of pH for each run of data. (Click the ‘Statistics’ menu in DataStudio, or the ‘Statistics’ button ([image: image3.png]


) in ScienceWorkshop. The bottom part of the Table will show the values. Note: The numbers in this example are “made up”. Your numbers will probably be very different.)

3.
Record the Mean heart rate for both runs of data. Record the Min (minimum) value of pH for both runs of data.

Record your results in the Lab Report section.

Lab Report - Activity GS10: Heart Rate, Carbon Dioxide, and Exercise

What Do You Think? 

How will mild exercise affect your heart rate and recovery time and how will it affect the amount of carbon dioxide in your breath?

Data Table

Trial
Mean heart rate (bpm)
Minimum pH

Run #1 (rest)



Run #2 (post-exercise)



Questions

1.
What was the control in your experiment?

2.
What is the influence of exercise on your heart rate?

3.
What is the influence of exercise on the amount of carbon dioxide gas in your exhaled breathe?

4.
Are there any differences between male and female heartbeat rates and carbon dioxide amounts among the students of your class?

5.
How do you explain the pH value in the water before exercise to the pH value in the water after exercise?

Connect to the sensor.





Remove the bottle of buffer solution.
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