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Free wall activation of the heart: 
Cardiac fibers tend to spiral around the 
heart.  Consequently, fibers are oriented 
parallel to the endocardium and epicardium.   
Contraction of the muscle fibers produces a 
wringing action, which efficiently squeezes 
out (pumps) the blood. 
Very rapid propagation occurs along the 
fiber axis, but a slower wavefront of 
activation progresses in a direction 
orthogonal to the fiber axis, due to 
anisotropic conductances. 
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Free wall activation of the heart (cont.): 

(Zhukov and Barr, IEEE Visualization Conference 2003) 
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Free wall activation of the heart (cont.): 
Hypothetical activation wave. 



5 

Free wall activation of the heart (cont.): 
Idealized temporal waveform for the cardiac action 
potential. 
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Source models: 
The total source is that of a thick (» 0.5 mm) 
double layer whose axial density is proportional to 
¡∂Vm/∂z. 
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Source models (cont.): 
For field points outside the heart and at a 
distance large compared to 0.5 mm (e.g., on 
the body’s surface), the axial extent of the 
source is unimportant and can be 
considered an ideal double-layer surface 
(i.e., zero axial thickness) and uniform in the 
lateral dimension. 
Consequently, the activation wavefront 
(i.e., the isochrones illustrated in Fig. 9.12) 
can be interpreted as the site of a uniform 
double-layer source distribution with 
strength given by vpeak - vrest. 
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Source models (cont.): 
At any instant of time during heart activation, the 
source is a distribution of double-layer surfaces.  A 
rough approximation to the source is the vector 
sum of all elements, as if they are all at the same 
location. 
The resultant single dipole is referred to as the 
heart vector (or heart dipole): 
 
 
where Ji is the dipole moment per unit volume as a 
function of position in the heart. 
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ECG measurement and analysis: 
The voltage measured between two body surface 
electrodes is known as a lead voltage V`. 
For a dipole moment this depends on the lead 
location, heart location, heart vector, and torso 
volume inhomogeneities. 
However, because the system is linear, it is 
possible to separate the heart vector from the 
other influences, such that: 
 
 

where l is known as the lead vector. 
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ECG measurement and analysis (cont.): 
The standard leads (or limb leads) are placed at 
the extremities (wrists and ankles).  The right leg is 
normally grounded to reduce noise, and the 
remaining electrodes give rise to three lead 
voltages: 
 
 
 
 
where RA is right arm, LA is left arm and LL is left 
leg. 
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ECG measurement and analysis (cont.): 
A typical lead voltage waveform is illustrated 
below. 
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ECG measurement and analysis (cont.): 
The three main components of the 
waveform can be attributed to three different 
components of heart activation: 
 P wave — due to atrial activation, 

initiates contraction of the atria 
 QRS complex — due to ventricular 

activation 
 T wave — due to ventricular recovery 
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ECG measurement and analysis (cont.): 
Other measures of the waveform based on 
these components that are useful for clinical 
diagnosis include: 
 PR interval — a measure of AV 

conduction time 
 TP segment — establishes the baseline  
 ST segment — should be at baseline 
 QT interval — the total duration of the 

ventricular systole 
 R–R interval — reciprocal of heart rate 
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ECG measurement and analysis (cont.): 
Analysis of the heart vector is achieved by 
considering the geometry of the standard leads 
and the corresponding lead vectors. 
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ECG measurement and analysis (cont.): 
Modern electronics allow for multiple electrodes to 
be placed on the torso for a more spatially-precise 
analysis of lead voltages. 
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Luo-Rudy cardiac model: 
Heart action potentials are two orders of 
magnitude longer in duration than action potentials 
in nerve or striated muscle. 
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Luo-Rudy cardiac model (cont.): 
The Luo-Rudy (L-R) cardiac cell model greatly 
expands on the HH formulation. 
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Luo-Rudy cardiac model (cont.): 
The L-R model includes: 
 INa: a fast Na+ current, which includes a slow 

inactivation parameter j in addition to the HH 
activation and inactivation parameters m3 and 
h, respectively. 

 IK: a time-dependent potassium current, with 
an activation parameter X2 and an inactivation 
parameter Xi.  Additionally, the maximum 
potassium conductance is not assumed to be 
constant but rather depends on [K]o, and the 
reversal potential allows for a small sodium 
current through the potassium channel. 
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Luo-Rudy cardiac model (cont.): 
 IK1: a time-independent potassium current, 

which again has a maximum potassium 
conductance that is not assumed to be 
constant but rather depends on [K]o.  This 
channel has an activation parameter that acts 
instantaneously. 

 IKρ: a potassium plateau current, which is time 
independent and is insensitive to [K]o. 

 ICa: a calcium current, with instantaneous 
activation and inactivation parameters d and f, 
respectively.  Its I-V relationship is described 
by the GHK current equation, and potassium 
and sodium flux through the channel is 
considered. 
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