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Learning Objectives 
ÅDefinition of ECG 

ÅECG Paper 

ÅCalculation of heart rate from ECG 

ÅLeads of ECG &  recordings from leads 

ÅEinthoven's triangle 

ÅWave of excitation  
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Electrocardiogram 

Å Summated effect of  

Å Action potentials from cardiac muscle  

Å Can be recorded from the surface 
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Electrocardiogram 

Å If  electrodes are placed  

Å On the skin  

Å On opposite sides of the heart 
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Electrocardiogram [ECG] 

Å Electrical potentials  

Å Generated by the current  can be recorded 

Å The recording is  

Å Known as an Electrocardiogram (ECG)  
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Electrocardiogram [ECG] 

Å Record of  

Å Potential fluctuations 

Å During a cardiac cycle 
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Electrocardiograph 

Å Recording device  

Å Recording Machine  
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ECG Paper 

Å Recorded on Č Heat sensitive paper 

Å Time (Duration)  measured on ČX-axis 

Å Voltage measured ČY-Axis 
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ECG Paper  

Å ECG paper has Č  

Å Small boxes of Č 1 mm2   

Å Five (5) small squares demarcated by Č 

Å Thick line 
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Horizontal  Calibration Line  

Å Voltage calibration lines 

Å 10 of the small line divisions  

Å Each one Č0.1 mV 

Å Upward or Downward  

Å In  the standard ECG represent Č 1 millivolt  
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Horizontal  Calibration Line Č Voltage  

Å Positivity Č Upward direction 

Å Negativity ČDownward direction 
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Y ï Axis Č Each small square  

Å Each of small square  

Å On Y- Axis corresponds to Č0.1 mV 
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Vertical  Calibration Line  

Å Time calibration lines 
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Speed of Typical ECG  

Å 25  mm per Second 
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Each 25 mm Č Horizontal direction 

Å 25 mm ČHorizontal  direction Č1 second 

Å 1 mm Č 0.04 sec 
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Each 5 mm Segment Č 

Å Indicated by the ČDark vertical lines  

Å Represents Č 0.20 second 
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0.20 second intervals broken Č 5  

Å Broken into 5 smaller intervals  

Å 0.20 / 5 Č Each 1 mm on X-axis Č 0.04 sec 

Å Speed of the ECG Paper Č 25 mm / sec  

Å So 1 mm = 0.04 sec 
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X-Axis Č Each small 1mm square 

Å Equal to 0.04 sec 

Å When speed of the ECG paper is 25 mm / sec 
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Y-Axis Č Each small 1mm square 

Å Equal to 0.1 mV 
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Calibration Č Before Recording  

Å ECG machine  

Å Calibrated before each recording 

Å For normal recording 
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Calibration Č Before Recording  

Å Instrument  has to be Calibrated to show  

Å Displacement of  Č 10 mm for 1 mV  

Å Each 1mm (Y-Axis) correspond to 0.1mV 
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Speed of ECG Paper  

Å ECG paper can be moved at 2 Speeds  

Å Depending on type of recording 

Å Normally  a speed of Č25mm/sec 
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Speed Č 25 mm / sec  

Å Paper moves a distance of  

Å 1500 mm in 1 minute  

Å 25 mm x 60 sec = 1500 mm / minute 
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Speed Č 50 mm / sec  

Å Used when Heart rate (60 to 100 bpm)  

Å Heart rate Č High ČTachycardia 

Å Better view of different  waves is required  
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Rate of Heartbeat from ECG  

Å Can be determined  

Å As the heart rate is the  

Å Reciprocal of the time interval   

Å Between two successive heartbeats 
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Calculation of Heart rate from ECG 

Å 1500 / RR interval   

Å 1500 / Small squares  

Å Between 2 RR interval  
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Calculation of Heart rate from ECG 

Å 1500 / Small squares between RR Interval  

Å 1500 / 23 = 65 beats per minute 
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Calculation of Heart rate from ECG 

Å 1500 / Small squares between RR Interval  

Å 1500 / 23 = 65 beats per minute 
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Calculation of Heart rate from ECG 

Å Heart rate can be calculated  

Å When heart beats ČRegular  

Å Cannot be used Č Irregular  beats 

Å RR or PR interval  will  vary 

29 



ECG Č Recorded 

Å From the surface of the body 

Å Using different  electrodes 
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Types of Leads 

1. Bipolar leads 

2. Unipolar leads 
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ECG ČRecorded in Unipolar recording 

Å Using an  

Å 1 ČActive or Exploring electrode 

Å 1 Č Indifferent  electrode at Zero potential 
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ECG ČRecorded in Bipolar recording 

Å Using an  

Å 2 ČActive or Exploring electrode 
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 Bipolar / Standard Limb  Leads 

ÅElectrical connections between  

ÅThe Patientôs limbs and  

ÅThe Electrocardiograph for recording ECGs 
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3 Bipolar / Standard Limb  Leads 

ÅLeads record 

ÅPotential difference  

ÅBetween Č 2 limbs 
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 ñBipolarò meansé 

ÅThe electrocardiogram is recorded  

ÅFrom Č Two (2) electrodes  

ÅLocated Č On different  sides of the heart 
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 Bipolar / Standard Limb  Leads 

ÅTwo (2) electrodes  

ÅLocated at Č The Limbs  
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ñLeadò ČNot Single wire 

ÅIs  

ÅNot a single wire  

ÅConnecting from the body  
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ñLeadò Č Combination of  

Å2 wires and their Electrodes  

ÅTo make a complete circuit   

ÅBetween the body and Electrocardiograph 
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3 Bipolar / Standard Limb  Leads 

1. Lead I  

2. Lead II  

3. Lead III  
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Limb  Lead I  

Å Negative terminal  of the electrocardiograph  

Å Connected to the Right arm Č  

Å Positive terminal  is connected to the Left  arm 
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Limb  Lead I  

Å When the point where 

Å Right arm connects Č  

Å To the chest is electronegative  

Å With  respect to the point where  

Å The Left  arm connects 
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Limb  Lead I  Č Recoding 

Å The electrocardiograph records  

Å Positively  

Å Above the zero voltage line in the ECG 
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Limb  Lead II  

Å Negative terminal  of the electrocardiograph  

Å Connected to the Right arm  

Å Positive terminal  is connected to the Left  leg 
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Limb  Lead II  

Å Right arm Č  

Å Electronegative  

Å With  respect to 

Å The Left  leg 
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Limb  Lead II  Č Recoding 

Å The electrocardiograph records  

Å Positively  

Å Above the zero voltage line in the ECG 
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Limb  Lead III  

Å Negative terminal  of the electrocardiograph  

Å Connected to the Left  arm  

Å Positive terminal  is connected to the Left  leg 
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Limb  Lead III  

Å Left  arm Č  

Å Electronegative  

Å With  respect to 

Å The Left  leg 

48 



Limb  Lead III  ČRecoding 

Å The electrocardiograph records  

Å Positively  

Å Above the zero voltage line in the ECG 
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ÅThe triangle, Called  

ÅEinthovenôs triangle  

ÅIs drawn around the area of the heart  

Einthovenôs Triangle 
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ÅThe Two arms (Right &  Left  Arms) 

ÅThe Left  leg  

ÅForm Č Apices of a triangle  

ÅSurrounding the heart 

Einthovenôs Triangle Č I llustrates 
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