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Problem 1

A microelectrode is inserted into a cardiac pacemakeraedl the (schematized) potential recorded
is shown in Figure 1. The intra-cellular and extra-cell@dancentrations of sodium and potassium
are shown in Table 1.
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Table 1:

[K*] [Na*]
Inside 100 7
Outside 5 140

Questions:

A. Assume that the membrane potential is determorggby the concentrations of Nand K*
and the membrane conductances to these BRgandGgk. Show a simple electrical model
of the membrane, neglecting membrane capacitance. Labefuttg, including polarity
conventions and the inside and the outside of the membraxgre&sV,,, the membrance
potential, in terms of Nernst potentialy|5, Vi) and membrane conductances.
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B. What are the equilibrium potentials for sodium and patas8 Assume

RT

~ 60 mV
Floge

C. Leta be the ratio of conductances of the membrane to potassiureaaidm.

Gk
GNa

Express the membrane potenti@| in terms ofa.

D. Sketchx vs. time for the cell.
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Problem 2

A. Based on your understanding of the simple dipole modelesfteocardiography, predict the
effect of the following interventions on the QRS complexarted from the standard lead |
electrode connection.

() Increasing the radius of the torso by a factor of 2.
(i) Decreasing the conductivity of the tissue within thesmby a factor of 2.

(i) Changing the mean electrical axis of the heart from AQ® degrees. (You may use a
sketch if you wish).

(iv) Triggering a ventricular depolarization via a pacemag&lectrode in the RV, instead of
via the normal conduction system.

B. From the horizontal plane VCG shown in the figure, sketehdkpected scalar lead V-6
electrocardiogram. Use the axes provided. (The labeleatpon the top indicate time in
seconds following the onset of depolarization.)
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Problem 3

Figures A through F show six scalar electrocardiogramsuresy 1 through 6 showontal plane

vectorcardiograms from the same six patients, but arranmgeghdom order. Please unscramble
them, and indicate the correct matches.

For each ECG also estimate timean electrical axisin the frontal plane (in degrees).

ECG VCG AXxis

nmo 0w >
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Images by MIT OCW.

Note: The number in parentheses indicates total QRS darakiee numbers on the VCG loops
indicate the time (in msec.) after the onset of QRS.
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Problem 4

A new life-form has been discovered with an unusual cardiatamy shown in the attached figure.
The creature has an ideal spherical torso in the center @haflocated an interesting tubular heart
with a helical shape. Depolarization begins at the top otwweturn clockwise helix of radiuf
and pitche. The action potential propagates at a constant velagiglong the tube until it reaches
the outlet valve. The action potential is of long enough tlarethat repolarization does not begin
until depolarization is complete. The action potentialgers a peristaltic contraction of the tube,
which results in forward blood propulsion.

Figure 2: The creature, showing location of the helical hear
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Figure 4: The heart during depolarization. Velocity of wénmnt propogation is.
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A. Based on your understanding of the dipole theory of eteetrdiography, sketch the ex-
pected ECG waveforms along the lead | axis, the aVF axis, laathird perpendicular axis
projecting out of the chest (V2). Consider only the depaktion waveform.

B. What would be the change in the amplitude of the ECG if:

(i) The radius of the torso were doubled?
(i) The electrical conductivity of the torso were doubled?

C. Estimate the peak-to-peak amplitude (in mV) of the “QR&hplex recorded in lead |. Base
your estimate on the following considerations, and use #meesassumptions presented in
the class notes.

e The outer diameter of the tubular heart is 0.5 cm., and theridirameter is 0.3 cm.
(The radius of the helixR, is 2 cm.)

e The turns of the relaxed heart tube are touching one another.

¢ Individual myocardial cells are oriented longitudinallgrag the tube and have a diam-
eter of 10 microns.

e The internal resistance per unit length of the cells,is 16 ohms/cm. The external
resistancer,g, is much smaller, and may be neglected.

e The action potential morphology is similar to that of humamtvicular cells, and has
a phase 0 amplitude of 100 mV and a rise-time of 1 msec.

e The velocity of propagation is 100 cm/sec.
e The torso radius is 10 cm and its conductivity i L0~ mho/cm.

D. An ectopic beat originates in the exact middle of the hesdréxactly one turn in from the
top and from the bottom. Sketch the expected ECG waveformdtieg from the ectopic
beat along the same three axes used in part a (I, avVF, V2).
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