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Electric Fields

Introduction

In the previous activities in this module, we have studied the basic components of an electrical system.  In order for a current to flow, there needs to be a potential difference.  This potential can be supplied by one of a variety of objects such as a battery or a charged capacitor.  The current that flows in a circuit will encounter resistance, and if the circuit is made of ohmic material, the current will be proportional to the applied voltage.  
So far, all of these activities have involved the normal equipment that is used to study electricity: manufactured circuit elements.  We have studied capacitors, resistors, and power supplies.  For this capstone activity, though, we are going to investigate a much different electrical system: the human body.  As we have mentioned before, the cell membrane operates much like a capacitor, as a potential difference due to ion concentration differences is maintained across the membrane.  When a nerve or muscle cell is activated, the membrane opens in certain protein channels and allows the ions to flow, thus creating a current.  This changes the potential difference across the membrane, which will be picked up as an electronic signal.

EMG
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Electromyography (EMG) is a medical test that records the electrical properties of muscles both at rest and during activity.  It records the voltage that is output by a muscle over time, with a greater output indicating that more muscle fiber is being activated.  In medical settings, it is normally used by doctors to determine if the reduced function of a muscle is due to damage or whether it is due to pain/soreness.  If the muscle is damaged, then one would expect to see a different size and frequency to the voltage output by the muscle while it is at rest or contracting.  By probing different parts of the muscle, doctors are able to determine where exactly the damage is, if any, and take appropriate action.  Of course, this localized probing requires close placement to the area in question, which means the use of needles to insert the probe to the exact location.1
There are non-invasive versions of EMG’s, though, which are used in a variety of activities.  Athletes use them to study the output by their muscles as they are training to see if they are getting greater strength.  The stronger the total muscle, the more muscle fiber that gets activated during exercise, which leads to a greater voltage output on an EMG chart.  They are also used by patients in biofeedback studies to determine when muscles are tense (contracted) and when they are not.  For example, patients who are suffering from bladder incontinence can use EMG’s to aid them in building greater strength in pelvic muscles that prevent the flow of urine.  There is also work being done by high tech firms to implant EMG’s into devices like gloves that can be used to control robotic devices.2
Procedure

In the lab, we are going to use one of these non-invasive techniques to measure the output from muscles as different weights are lifted.  It will require the use ECG electrodes that are connected to a computer data acquisition system that will measure voltage output from arm muscles as weights are being lifted.  
1. Secure the necessary equipment (masses, electrodes, and data acquisition system).

2. Select one student from your group to attach the electrodes to the arm.

3. Peel back the paper on the electrodes and attach them to the arm as instructed to do so by the lab instructor.

4. Connect the electrodes to the wire probes.

5. Using the arm to which the electrodes are attached, grab a 100 gram mass and hold it with the arm straight down by your side.

6. Start recording data and lift the mass slowly using only your lower arm (perform a bicep curl by keeping your upper arm pointing straight down and bending your arm at the elbow) until the mass is level with your shoulder.  Record the data.
7. Replace the 100 gram mass with a 200 gram mass and repeat step 6.

8. Continue to increase the mass by 100 grams until you have lifted 1000 grams.

9. Disconnect the probes and dispose of the electrodes in an appropriate trash receptacle.

10. Choose another student from your group and repeat steps 3-9.  Continue until all members of your group have been through the process.

11. For each student, plot the difference in the lifting and resting potentials versus the amount of mass lifted.

12. Answer the questions on the activity sheet.
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Name:

Voltage Readings for First Student
	Mass (in grams)
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	Resting V
	
	
	
	
	
	
	
	
	
	

	Lifting V
	
	
	
	
	
	
	
	
	
	


Voltage Readings for Second Student

	Mass (in grams)
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	Resting V
	
	
	
	
	
	
	
	
	
	

	Lifting V
	
	
	
	
	
	
	
	
	
	


Voltage Readings for Third Student (if present)

	Mass (in grams)
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	Resting V
	
	
	
	
	
	
	
	
	
	

	Lifting V
	
	
	
	
	
	
	
	
	
	


Voltage Readings for Fourth Student (if present)

	Mass (in grams)
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	Resting V
	
	
	
	
	
	
	
	
	
	

	Lifting V
	
	
	
	
	
	
	
	
	
	


Create a plot of the difference between lifting and resting potential versus the mass lifted
1.
Are the plots of the data linear?  If so, why do you think it is linear?  If not, what relationship does it appear to be?
2.
What are some of the systematic errors in this experimental set-up?

3.


Fig. 1: Portable EMG (NASA)








