Electricity in the Body
(Biopac)
Generally, people think of electricity flowing through bodies as an unusual occurrence. For instance, they may think of rather unique animals, such as electric eels, or of rare events such as being struck by lightning. What most people do not realize is that electricity is part of everything their body does...from thinking to doing aerobics—even sleeping.
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In fact, physiology and electricity share a common history, with some of the pioneering work in each field being done in the late 1700's by Count Alessandro Giuseppe Antonio Anastasio Volta and Luigi Galvani. Count Volta, among other things, invented the battery and had a unit of electrical measurement named in his honor (the Volt). These early researchers studied “animal electricity” and were among the first to realize that applying an electrical signal to an isolated animal muscle caused it to twitch. Even today, many classrooms use procedures similar to Count Volta's to demonstrate how muscles can be electrically stimulated. 
Over the next few weeks, you will likely see how your body generates electricity while doing specific things like flexing a muscle or how a beating heart produces a recognizable electric “signature.” Many of the lessons covered in this manual measure electrical signals originating in the body. In order to fully understand what an electrical signal is requires a basic understanding of the physics of electricity, which properly establishes the concept of voltages, and is too much material to present here. All you really need to know is that electricity is always flowing in your body, and it flows from parts of your body that are negatively charged to parts of your body that are positively charged. As this electricity is flowing, sensors can “tap in” to this electrical activity and monitor it. The volt is a unit of measure of the electrical activity at any instant of time. When we talk about an electrical signal (or just signal) we are talking about how the voltage changes over time. The body’s electrical signals are detected with transducers and electrodes and sent to the MP40 acquisition unit computer via a cable. The electrical signals can be very minute—with amplitudes sometimes in the microVolt (1/1,000,000 of a volt) range—so the MP40 amplifies these signals, filters out unwanted electrical noise or interfering signals, and converts these signals to a set of numbers that the computer can read. The Biopac Science Lab then plots these numbers as waveforms on the computer. The body contains fluids with ions that allow for electric conduction. This makes it possible to use electrodes on the surface of the skin to detect electrical activity in and around the heart and use an electrocardiograph to record the activity. Conveniently, the legs and arms act as simple extensions of points in the torso, allowing the recording and ground electrodes to be placed on the wrists and ankles. The electrocardiogram is a record of the overall spread of electric current through the heart as a function of time in the cardiac cycle. The direction of polarity (+ or -) of the recorded waveforms depends upon the location of the recording electrodes on the surface of the body and whether the electrical activity during the cardiac cycle is coming toward or going away from the surface electrode. In general, as a wave of depolarization approaches a positive electrode, a positive voltage is seen by that electrode. If the wave of depolarization is traveling toward a negative electrode, a negative voltage will be seen. The term “lead” is defined as a spatial arrangement of two recording electrodes on the body. One lead is labeled + and the other -. The electrode placements define the recording direction of the lead, which is called the lead axis or angle. The axis is determined by the direction when going from the negative to positive electrode. The electrocardiograph computes the voltage difference (magnitude) between the positive and negative electrodes and displays the changes in voltage difference with time. 

Waveforms

The BIOPAC software takes the signal input and plots it as a waveform on the computer screen. The waveform of the signal can be either a direct reflection of the electrical signal from the MP unit channel (amplitude is in Volts) or a different waveform which is based on the signal coming into the MP unit. For example, the electrical signal into the MP unit may be an ECG signal, but the software may convert this to a Beats Per Minute (BPM) waveform). When you use any BIOPAC software, it is important to at least have a basic understanding of what the waveforms on the screen represent. The waveform below is a plot of Amplitude versus Time. As shown, the earliest data appears at the left edge of the screen, and the most recent data at the right edge.
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• Amplitude is determined by the MP unit hardware according to what it senses at one of its inputs, which

is actually the signal output from a transducer, set of electrodes, or other device. The units are shown in the vertical scale region; the unit for this example is Volts.
• Time is the time from the start of the recording, which is to say that when the recording begins it does so at what the software considers time 0. The units of time are shown in the horizontal scale region; the unit for this example is milliseconds (1/1,000 of a second).
Diving a little deeper into what a waveform represents, you are actually looking at data points that have been connected together by straight lines. These data points are established by the BIOPAC system hardware by sampling the signal inputs at consistent time intervals. These data points can also be referred to as points, samples, or data.  The time interval is established by the sample rate of the BIOPAC software, which is the number of data points the hardware will collect in a unit of time (normally seconds or minutes). The BIOPAC software stores these amplitude values as a string of numbers. Since the sample rate of the data is also stored, the software can reconstruct the waveform. Since BIOPAC software can simultaneously record signals from up to four (education units) or more inputs, there may often be more than one waveform on the screen. It is worth noting that the BIOPAC software always uses the same sample rate for all channels on the screen, so the horizontal time scale shown applies to all channels, but each channel has its own vertical scale. A channel’s vertical scale units can be in Volts, milliVolts, degrees F, beats per minute, etc.

A baseline is a reference point for the height or depth (“amplitude”) of a waveform.

• Amplitude values above the baseline appear as a “hill” or “peak” and are considered positive (+).

• Amplitude values below the baseline appear as a “trough” or “valley” and are considered negative (−).

Baseline Samples

[image: image3.emf]


