
   LABORATORY
INVESTIGATION

Recording Electrocardiograms
The taking of an electrocardiogram is an almost universal part of any complete physical 

examination.  From the ECG record of the electrical activity of the heart the specialist is able to 
determine; heart rate, abnormal cardiac rhythms, thickening of heart muscle, the enlargement of heart 
chambers, damage to heart muscle, orientation of the heart, and effects of drugs used to regulate the 
heart. 

The heart’s electrical activity is the result of the polarization and depolarization of the heart 
muscle cells.  Because the cells act together, a small summed electrical potential is generated that can 
be picked up by electrodes placed on the surface of the body at different locations.  Specific 
combinations of electrode locations are called leads of which there are more than forty.  Of these leads, 
only twelve are widely used and in our lab study we will use only the first one.  In Lead I the ground 
electrode is placed on the right leg, the positive electrode is placed on the left arm and the negative 
electrode is placed on the right arm.

A normal ECG pattern from lead I is shown below along  with the letter that designates each 
wave.  The P wave begins with the first upward deflection from the baseline and ends with return to 
the baseline. This wave is caused by the depolarization of the atria.  The PR interval is measured from 
the first upward deflection of the P wave to the first deflection of the QRS complex.  The PR interval 
represents the time required for atrial depolarization and conduction through the AV node of the 
heart.  The QRS interval is measured from the Q wave, if present, or the beginning of the R wave, if no 
Q is present, to the return of the QRS to baseline.  The QRS complex is caused by the spread of 
depolarization through the ventricles.  The QT segment is measured from the Q deflection to the return 
to baseline of the T wave.  The T wave is the first deflection from the baseline after the QRS and 
continues until the recording returns to baseline.  The T wave is caused by ventricular repolarization. 
Normal values for the duration of the PR interval are 0.12 to 0.20 seconds while for the QRS interval 
the normal duration is 0.04 to 0.10 seconds.  The normal QT segment is from 0.3 to 0.4 seconds

The objectives of this laboratory include: 
1. to record each team members ECG.
2. to determine the time between the ECG wave intervals. 
3. to recognize and correctly label the ECG wave deflections.  
4. to calculate the heart rate from the ECG information. 

Vernier Equipment
ECG sensor, LabPro interface

Materials
Electrode tabs, work area with a horizontal surface for the test subject to recline.

Safety
The ECG sensor is to be used for educational activities only. It is not designed for medical or research 
purposes. Do not make a diagnosis from the information generated by this ECG sensor. 
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Procedure
1. Check your computer lab station equipment for the following connections.  The cable of the ECG 

sensor is plugged into LabPro channel 1 (ch1).  The LabPro power supply is plugged into the 
LabPro AC adaptor port and a 110 volt outlet.  The USB cable is plugged into the LabPro and 
the computer USB port.

2. Start the data collection software by double clicking on the LabPro icon found on the desk top. 
(JBS students, click on the ECG icon in the Biology folder.)   A data table and graph appear on 
the screen.   The Y axis of the graph is labeled Potential  (mV) and the X axis is labeled Time 
(S).   The Collect button at the top of the screen is highlighted.   If this fits your observations 
proceed to the next step.   If the computer did not detect the ECG sensor the graph is not labeled 
correctly and the Collect button is faded rather than highlighted.   In this case ask your 
teacher to manually set the sensor ID for you.

3. At this point the monitor window is divided into two regions.   The left region contains the 
table where the ECG readings will soon be listed.   The right region contains the graph where 
the ECG readings will soon be plotted. 

4. Attach three electrodes to the first patient’s body.  The patient should be calm, quiet and 
reclining on a flat surface.  There should be no movement by the patient.  The electrodes must 
make a firm connection with the skin.  Place one electrode on the inside of the right arm just 
below the elbow, place another on the inside of the left arm just below the elbow.  Place the 
last electrode on the inside of the right leg  just above the ankle.

5. Attach the black connector to the ankle electrode. Attach the red connector to the left arm 
electrode.  Attach the green connector to the right arm electrode.  Make sure the teeth of the 
connector bite into the gold colored tab of the electrode.

6. When the patient is resting and comfortable press the Collect button.  For the next 3 seconds the 
sensor sends data to the LabPro interface and then on to the computer for plotting.  During the 3 
second interval two to three heart cycles take place with each cycle producing  P, QRS, and T 
waves.

7. Continue collecting 3 second screens of data until you get a good graph that clearly shows the 
waves and intervals between the waves.  When you have a good graph print it.

8. Remove the electrodes from the patient’s body. 

9.  Find the PR, QRS, and QT intervals of two heartbeats.  This process is most easily completed 
by moving the cursor along the curve.  Time and voltage values of each data point are displayed 
in a window below the graph.  Record the time where the interval appears to begin and where 
the interval appears to end in table 1.

10. Find the heart rate in beats/minute using the ECG graph.  Again, move the cursor along the 
curve and find the time difference between two adjacent R data points.  Record the values in 
table 2. Convert, mathematically, from time per beat, to beats per minute. 

11. Repeat the same process for each member of your team.
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Analysis
1. Complete all sections of Table 1. 

2. Complete all sections of Table 2.

3. Label the print out of your ECG.  Labels should include the P, Q, R, S, T waves and PR, QRS, and 
QT intervals.

4.  What event in the heart causes the P wave? QRS complex? T wave?       

Going Further
1. Take an EKG of a person reclining and then standing. Compare the two heart rates.

2. Take an EKG using Lead II. Right Arm (negative), Left Leg (positive) Right Leg (ground) Do 
you find any differences?, Similarities?

3. Take an EKG using Lead III, Left Arm (negative), Left Leg (positive) Right Leg (ground). What 
differences and similarities do you find. 

4. Obtain and EKG of a frog (Lead I). Their heart has only 3 chambers. What similarities and 
differences do you observe. 
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                            QT Average Length
Measurement 2 QT
Measurement 1 QT

                                    QRS Average Length

 Measurement 2 QRS

Measurement 1 QRS
                                     PR Average Length

Measurement 2 PR
Measurement 1 PR  

Interval Length (Sec)Interval End TimeInterval Start TimeInterval Type
Table 1.  ECG Wave Intervals

Heart Rate 
(beats/min)

Difference   
(sec/beat)

Second R time   (sec)First R time          
(sec)

Table 2.  Heart Rate beats/minute
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