
ELECTROCARDIOGRAPH



Bioelectric signals and their characteristics
Biolelectric signal Frequency range 

(Hz)
Voltage range (µV) Electrodes used Origin 

Electrocardiogram 0.05 to 100 10 to 5000 covers 
fetal range

Surface electrodes 
are used with jelly,
paste or cream. 
Needle electrode 
are less noisy

Heart muscles

Electroencephalogra
m

0.1 to 100 2 to 200 Surface and needle 
electrode

Neuronal activity of 
the brain

Cerebral potentials
(intracranially
recorded)

Pulse duration 
0.6ms to 0.1s

10 to 100000 Deep needle 
electrodes

Cerebrum of the 
brain

Electromyogram 5 to 2000 20 to 5000 Surface or needle 
electrodes

Skin muscles

Electrogastrogram 0.05 – 0.2 10 – 350 Surface electrodes Peristaltic 
movements of the 
gastrointestinal tract

Electroretinogram 0.01 to 200 0.5 – 1000 Corneal electrodes Retina of the eye

Electrooculogram 0.1 to 100 10 to 3500 Miniature surface 
electrodes

Corneal-retinal 
potential variations



• Electrocardiography : 
• the study of electrical activity of the heart muscles.
• Electrocardiogram record of ECG pattern
• Reflects rhythmic electrical depolarisation and repolarisation of the myocardium 

(contraction of atria and ventricles)
• The shape , time interval and amplitude of the ECG give details of the state of the 

heart.

• Heart structure
• 4 chambers  2 atria + 2 ventricles
• Impure blood  venacava
 right atrium  right ventricle
Pulmonary artery  lungs (purification)
 pure blood  pulmonary vein 
Left atria  left ventricle  aorta 
All parts of the body



Origin of cardiac action potential

• SA Node ( natural pacemaker) (0.04sec)

• AV Node (delay line) (0.11sec)

• The bundle of his

• Purkinjie fibers





















Origin Amplitude mV Duration sec

P wave Atrial depolarisation or 
contraction

0.25 0.12 to 0.22 (P-R interval)

R wave (QRS) Repolarisation of the atria 
and depolarisation of the 
ventricles

1.60 0.07 to 0.1

T Wave Ventricular repolarisation 0.1 to 0.5 0.05 to 0.15 (ST interval)

S-T interval Ventricular contraction

U wave Slow repolarisation of the 
intraventricular ( purkinjie
fibers) system

< 0.1 0.2 (T-U interval)



ECG lead configuration 

• Electric potential generated by the heart appear through the body and 
appear on its body surface.

• The potential difference is determined by placing pair of electrodes on the 
body and measuring the voltage between them.

• A pair of electrodes, or combination of several electrodes through a 
resistive network that gives an equivalent pair, is referred to as a lead.

• More than one lead must be recorded to describe the hearts electrical 
activity completely

Three types of electrode lead system (12 lead system)
• limb leads or standard leads (3)               Bipolar
• Augumented unipolar leads (3)                   
• Chest leads or pericardial leads (6)             Unipolar



• Potential are tapped from 4 location of our 
body right arm, left arm, right leg and left 
leg.

• Right leg  ground and reference electrodes.

• Einthoven postulated, the frontal plane 
representation of the electrical axis of the 
heart is 2 D vector.

• Eithoven also made the assumption that the 
heart is near the center of an equilateral 
triangle , the apexes of which are the right 
and left shoulders and the crotch.

• The point of this triangle represents the 
electrode position of the three limb leads.

• This triangle is called Einthoven triangle.

Bipolar Limb/Standard Leads – lead I, II,III



• Lead I – gives voltage VI , the 
voltage drop between left arm 
(LA) to right arm (RA).

• Lead II – gives voltage VII , the 
voltage drop between left leg (LL) 
to right arm (RA).

• Lead III– gives voltage VIII , the 
voltage drop between left leg (LL) 
to left arm (LA).

• VI + VII + VIII = 0

• VII = VI + VIII





Unipolar electrodes

Augumented unipolar limb electrodes (AVL,AVR,AVF)

• introduced by Wilson 

• a small increase in the ECG voltage can be realized.





Unipolar chest leads (V1, V2,V3,V4,V5,V6)

• Active electrode  chest electrodes (placed on 6 
different position close to the heart)

• Reference electrode  connecting 3 large resistance 
to left arm, right arm, left leg.

• This lead system is also called Wilson system





ECG Machine






