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Heart Rate and Exercise (Cycling)

The adaptability of the heart can be observed during exercise, when the metabolic activity of muscle tissue increases. The cardiovascular system, consisting of the heart and blood vessels, responds to exercise with an increase in heart rate and strength of contraction with each beat, resulting in a higher cardiac output (quantity of blood pumped through the heart per unit of time). Physically fit people can deliver a greater volume of blood in a single heartbeat than unfit individuals and can sustain a greater work level before reaching a maximum heart rate. 
In this experiment, you will observe how the heart responds to the increased metabolic demand of the leg muscles as pedaling rate is increased. In this experiment, a Vernier Goniometer will be attached to the leg of a subject and the dynamic range of motion (ROM) of the knee will be recorded while cycling. A Vernier Exercise Heart Rate Monitor will be used simultaneously to monitor heart rate. ROM and cycling period (seconds/revolution) will be determined. Cycling frequency (revolutions/second) and cadence (revolutions/minute) will then be calculated. The subsequent data will be analyzed to determine how ROM and heart rate change as cycling cadence increases.  
Important: Do not attempt this experiment if physical exertion aggravates a health problem. Inform your instructor of any possible health problems that might be exacerbated if you participate in this exercise.

Objectives

In this experiment, you will

 Use a Goniometer to measure the range of motion (ROM) of a subject’s knee during cycling.

 Determine the ROM of the subject’s knee when cycling at different speeds. 

 Determine the subject’s cycling period (seconds/revolution) when cycling at different speeds.

 Calculate the subject’s cycling frequency (revolutions/second) and cadence (revolutions/minute) when cycling at different speeds.

 Use the results to determine the effect of cycling cadence on ROM and heart rate.

MATERIALS

	Vernier LabQuest
	Vernier Exercise Heart Rate Monitor

	Vernier Goniometer
	Two 24-inch elastic, hook-and-loop straps

	Stationary exercise bike
	One 14-inch elastic, hook-and-loop strap

	Saline solution
	


PROCEDURE

Select one person from your lab group to be the subject.
1. 
Connect the receiver module of the Exercise Heart Rate Monitor to Channel 1 of LabQuest. 
2.
Connect the Goniometer to Channel 2 of LabQuest. 

3.
Set up the Exercise Heart Rate Monitor. 
a. Depending upon your size, select a small or large size elastic strap. Secure one of the plastic ends of the elastic strap to the transmitter belt. It is important that the strap provides a snug fit of the transmitter belt.

b. Wet each of the electrodes (the two textured oval areas on the underside of the transmitter belt) with 3 drops of saline solution.

c. Secure the transmitter belt against the skin directly over the base of the rib cage. The POLAR logo on the front of the belt should be centered. Adjust the elastic strap to ensure a tight fit.

d. Take the receiver module of the Exercise Heart Rate Monitor in your right hand. Remember that the receiver must be within 80 cm of the transmitter in the Exercise Heart Rate Monitor belt.

4.
Attach the Goniometer to the subject. 
a. Thread two 24-inch elastic straps through the slots that can be found on the stationary arm of the Goniometer.  

b. Secure the stationary arm of the Goniometer to the upper right leg of the subject using the elastic straps. 

c. Make sure the dial on the sensor is centered on the knee. Reposition, if necessary, and secure the Goniometer.
d. Using a single 14-inch elastic strap, secure the flexible arm of the Goniometer to the foreleg.

5.
Have the subject mount the exercise bike. Set the exercise bike at a moderate level of resistance. Verify that the subject can move freely with the Goniometer attached to the leg. Verify that the subject can pedal at slow, moderate, and fast paces. Have the subject dismount the exercise bike.
6.
Set up the data-collection mode.
a. On the Meter screen, tap Duration. Change the data-collection duration to 120 seconds. 

b. Change the data-collection rate to 50 samples/second. Select OK.

c. Have the subject stand up straight. Tap the angle reading in the Meter screen and select Zero to zero the sensor. 
d. Have the subject mount the exercise bike. 
7.
Determine that the Exercise Heart Rate Monitor is functioning correctly. 

a. Start data collection. There will be a 15 s delay before the first point for heart hate is plotted. Thereafter, heart rate will be plotted every 5 s. 
b. The readings for heart rate should be consistent and within the normal range of an individual that is sitting, usually between 50 and 100 beats per minute. 
c. Once readings are reported, stop data collection and continue to the next step.

8.
Start data collection. Have the subject pedal at an easy pace for 120 seconds. 
9.
Once data collection stops, store the run by tapping the File Cabinet icon.

10.
Repeat Steps 8–9 with the subject pedaling at a moderate pace.


11.
Repeat Steps 8–9 with the subject pedaling at a fast pace.


12.
Save the file as directed by your instructor.
Processing the data

1.
Determine the mean heart rate for each pace (slow, medium, fast).

a. Tap Run 3, and select Run 1.

b. Tap and drag over the last half of the heart rate graph (from 60 s to 120 s). 

c. Choose Statistics from the Analyze menu and select Heart Rate.

d. Record the mean heart rate to the nearest whole number for this pace in Table 1.

e. Tap Run 1, and Select Run 2.

f. Repeat Steps b–d for medium pace.

g. Tap Run 2, and then select Run 3. 

h. Repeat Steps b–d for fast pace.

2.
Determine the range of motion (ROM) for each pace (slow, medium, fast).

a. Tap Run 3, and Select Run 1.

b. Tap and drag over the last half of the angle graph (from 60 s to 120 s). 

c. Choose Statistics from the Analyze menu and select Angle.

d. Record the maximum and minimum angle in Table 2.

e. Subtract the maximum from the minimum to get the full range of motion (ROM).

f. Record the ROM for this pace in Table 2.

g. Tap Run 1, and Select Run 2.

h. Repeat Steps b–f for medium pace.

i. Tap Run 2, and then select Run 3. 

j. Repeat Steps b–f for fast pace.

3.
Determine the cycling period for each pace (slow, medium, fast).

a. Tap Run 3, and Select Run 1.

b. Tap and drag over the last half of the angle graph. 

c. Choose Zoom In from the Graph menu. 
d. The cycling waveform resembles a sine wave. Full flexion of the knee occurs at the large peak in the waveform. Repeat Steps b–c until you have a graph with approximately 10–15 waveforms. 
e. Examine the data pairs on the Angle graph by tapping on any data point. As you tap each data point, angle and time values will be displayed to the right of the graph. Record the times for the first and last peaks of the cycling waveform that are shown on the screen.
f. Subtract the time of the first peak from the time of the last peak to get the time difference or (t.

g. Record the number peaks that occur during the time between the first peak and the last. 

h. Divide the difference, (t, by the number of cycles to determine cycling period.
i. Record the period for the slow pace in Table 1.

j. Tap Run 1, and Select Run 2.

k. Repeat Steps b–i for the medium pace.

l. Tap Run 2, and then select Run 3. 

m. Repeat Steps b–i for the fast pace.
4.
Determine cycling frequency (revolutions/second) for each pace. 
a. Take the inverse of the period for each pace to get cycling frequency. 
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b. Record the cycling frequency for each pace in Table 2. 

5.
Calculate the cadence (revolutions/minute) for each speed. Record the cadence in Table 3.
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DATA

	Table 1- Heart rate

	Pace 
	Heart rate (bpm)

	Slow 
	

	Medium
	

	Fast
	


	Table 2 – ROM

	Pace 
	Maximum angle (º)
	Minimum angle (º)
	ROM (º)

	Slow  
	
	
	

	Medium
	
	
	

	Fast 
	
	
	


	Table 3 – Cadence

	Pace 
	Period (seconds/revolution)
	Frequency (revolutions/second)
	Cadence (revolutions/minute)

	Slow
	
	
	

	Medium
	
	
	

	Fast
	
	
	


DATA ANALYSIS

1.
Normal resting heart rates range from 50−100 beats per minute. What was the subject’s mean heart rate when cycling at a slow pace? Did the subject’s heart rate increase as pace increased? 
2.
Calculate the percent increase in heart rate for each pace compared to the starting pace.  




percent difference = [(new value – old value)/old value] × 100

3.
What was the subject’s ROM when cycling at a slow pace? Did the subject’s ROM increase for medium and fast paces? 
4.
Calculate the percent increase in ROM for each pace compared to the starting pace.




percent difference = [(new value – old value)/old value] × 100

5.
What was the subject’s cadence when cycling at a slow pace? Did the subject’s cadence increase for medium and fast paces? 

6.
Calculate the percent increase in cadence for each condition compared to the starting pace.




percent difference = [(new value – old value)/old value] × 100
7.
How did mean heart rate, ROM, and cadence at different paces compare with other students in the group or class? Is this what you expected? 
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