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Electro Cardio Gram
(ECG)
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ECG during cardiac cycle
ÅIt is the recording of the algebraic sum of electrical
changes including depolarization and repolarization
(action potentials that occur in the cardiac tissue
throughout the cardiac cycle (Systole and diastole) .

ÅThese electrical changes (potentials) are conducted
throughout the body tissues containing electrolytes
which are good conductor of electricity . So, they can
be recorded by placing electrodes on the body
surface.
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Recording of ECG wave:

ÅThe recording apparatus is connected to
10 electrodes , that are connected to the
patient
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The recording electrodes are 4 limb and 6 chest 
electrodes 

Å The limb electrode 

connected to the right 

leg is used as ground 

electrode

Chest electrodes
Limb electrodes
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ÅThe ECG records 12

leads divided into 3

groups (3 limb leads, 3

augmented limb leads and

6 chest leads.

ÅThe lead is the recording

between two wires and

their electrodes to make a

complete circuit between

the body and the

electrocardiograph .



Standard bipolar limb leads:
ÅThey measure the potential difference between 2

limbs (2 electrodes +ve and ðve) in the frontal
plane.

ÅThey are 3 leads:

Lead I : measures the potential difference
between Rt arm (-ve) and Lt arm (+ve).

Lead II : measures the potential difference
between Rt arm (-ve) and Lt leg (+ve).

Lead III : measures the potential difference
between left arm (-ve) and left leg (+ve).

ÅThe 3 limb leads form together a triangle with
the heart in its center . It is called Einthoven õs
triangle .
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Augmented unipolar limb leads:

ÅThey measure the potential difference at one limb (+ve electrode)
and the other two limbs are connected through electrical
resistances to the negative terminal of the electrocardiograph .

ÅThey are 3 leads:

aVR : at RT arm (+ve

electrode)

aVL : at Lt arm (+ve

electrode)

aVF : at Lt foot (+ve

electrode) D
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Chest unipolar leads:
Å6 leads paced at :

V1: the right 4th intercostal space
at the border of the sternum .

V2: the left 4th intercostal space
at the border of the sternum .

V3: midway between V2 and V4

V4: the left 5th intercostal space
at the midclavicular line .

V5: the left 5th intercostal space
at the anterior axillary line .

V6: at the left 5th intercostal
space at the midaxillary line .
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ÅChest leads

measure the ECG

in horizontal

(antero -posterior)

plane.

ÅLimb leads in

frontal plane



Rules of recording in different leads:

Atrial vector

Vector 2

Vector 3

Vector 1

üAtrial vector (atrial 

depolarization) is directed 

downward and to the left. 

üVentricular vectors 

(depolarization and repolarization)

ÅVector 1 (interventricular 

septum) is directed upward and to 

the right.

ÅVector 2 (lateral wall of the 

ventricles) is directed downward 

and to the left.

ÅVector 3 (base of the ventricles) is 

directed upward and to the left .

Rt Lt
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Rules of recording in different leads:

ÅEach wave of depolarization in cardiac muscle
fiber has an amplitude and direction and is
called a vector.

ÅThe recording electrode will not record each
vector separately but the sum of all vectors
which is called the mean electrical vector.

ÅThe mean electrical vector determines the
direction and amplitude of the recorded ECG
wave in relation to the recording electrode.



Rules of recording in different leads:

ÅIf the direction depolarization wave spreads towards
the recording +ve electrode an upward positive wave
will be recorded and vice versa.

ÅThe reverse occurs in the recording of repolarization .

ÅThe amplitude of the recorded wave depends on the
bulk of depolarized muscle. The thicker the muscle is,
the more the voltage recorded will be.

ÅThe magnitude of the recorded wave is also affected by
the direction of the depolarizing wave in relation to the
direction of recording electrode.

towards away



ECG is complex in nature because:

1. It measures the algebraic sum of action
potentials (electrical changes) of different
myocardial fibers which are not parallel to
each other i .e. the impulses pass in many
directions .

2. 2 functional syncytia : atrial depolarization (P)
wave) and ventricular depolarization (QRS
complex)
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ECG is complex in nature because

3. The postion of the heart during systole and
diastole is not fixed

4. Repolarisation in the heart is slow process and
the last part of depolarization is the first to
repolarizes

ÇNormally the electrical changes of both atria
and ventricles occurs just before their
mechanical response (contraction) D
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So the recording will be as follows

ÅIn aVR lead most of the recorded ECG

waves are ðve (-ve P wave , - ve T wave

and QRS complex with deep S wave).
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Growing R in the chest leads:
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The Normal ECG recording:
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ECG waves recording:

ÅSpecial graph paper for recording the ECG waves (P,
QRS, T, U).

ÅThe ECG machine is adjusted that the rate of
movement of the graph paper out of it is 25mm/sec.

ÅThe paper parameters is as follows :

D
r.

 M
ir
a

 H
a

n
n

a



D
r.

 M
ir
a

 H
a

n
n

a



ECG graph paper
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The rate of moving out of the paper is 25mm/sec i.e 5 big 

squares/sec = 25 small squares/ sec 



The waves recorded by ECG during 
cardiac cycle:
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ECG waves

ÅP wave :

Represents: atrial muscle depolarization that
occurs just before atrial contraction by 0.02 sec.

duration : 0.08ð0.1 sec.

Amplitude : 0.2 - 0.25 mv

2 small squares x 2 small Sq. P
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ECG waves

ÅQRS complex :

Represents: ventricular depolarization that occurs
just before ventricular contraction by 0.02 sec.

Duration : ~0.08 sec.

Amplitude : about 1mV in limb leads and 3mV in
chest leads.

(2ssq x10 or 30 ssq)

Q wave is normally 0.04secand 1ð2 mm in depth .
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ECG waves

ÅT wave :

Represents: ventricular repolarization .

Duration : about 0.16 sec.

Amplitude : about 0.4 mV in limb leads and 1mV in
chest leads.

4ssq x4ssq
ÅU wave :

It is a small positive wave that may be recorded after T wave and represents papillary muscle
repolarization
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Where is atrial repolarization ?
ÅAtrial repolarization is not
recorded because its magnitude is
too small to be recorded, as it is
masked by ventricular
depolarization .
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Why T wave is in the same 

direction of QRS complex ?
ÅDespite that the T wave
is representing
ventricular
repolarization and QRS
complex representing
ventricular
depolarization, both are
recorded as positive
wave.
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This is because:

1- In normal heart the last part to depolarize is the
first part to repolarize i .e. the depolarization wave
spreads from endocardium to epicardium while the
repolarization wave spreads in opposite direction .
Because the epicardial myocytes have stronger
repolarizing K+ current, so, they repolarize faster
than the endocardium . In addition, the endocardium
is squeezed during ventricular contraction and
subjected to ischemia .

2- The rule of recording of repolarization wave is
opposite to that of depolarization

D
r.

 M
ir
a

 H
a

n
n

a



ECG segments:
ÅP ðR segment :

It is the period of time from the end of P wave and the
beginning of QRS complex.

It represents AV nodal conduction .

Its duration is 0.16ð0.1 sec.

ÅSðT segment :
The period of time between the end of QRS complex and the
beginning of T wave.

isoelectric part of ECG

corresponding with the plateau of ventricular action potential

Important in diagnosis of Ischemia
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