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to very dim light, and calculated the number of light quanta required to drive per-
ception. To do this, Hecht et al. constructed an apparatus that would emit very dim
flashes of light, of 1 ms duration, in a darkened room; they presented these to several
subjects and determined the proportion of times each subject would respond that he
or she had seen a flash of light. In one part of their analysis, they assumed that the
number of light quanta penetrating the retina would follow a Poisson distribution.
If X is the number of quanta emitted, and if c is the number required for perception
of the flash, then the probability of perception of flash is

P (X ≥ c) = 1− F (c− 1) (5.3)

where F (x) is the Poisson cumulative distribution function. (Note that the argument
c−1 appears because P (X ≥ c) = P (X > c−1) = 1−F (c−1).) Using the formula
for the Poisson cdf (i.e., the summed pdf), Hecht et al. fit this to observed data and
found that, roughly, a minimum of 6 quanta must be absorbed by the retina in order
for a human to detect light. !.

Not all applications of the Poisson distribution involve events across time. In the
next example the events are distributed across space—on neural synaptic boutons.

Example 5.6 Quantal response in synaptic transmission The quantal re-
sponse hypothesis is that neurotransmitter is released from a large number of presy-
naptic vesicles in packets, or “quanta,” each of which has a small probability of
being released. To test this, del Castillo and Katz (1954, J. Physiol., 124: 560–573)
recorded postsynaptic potentials, or end-plate potentials (EPPs), at a frog neuromus-
cular junction. By assuming a Poisson distribution for the number of quanta released
following an action potential, the authors obtained good experimental support for
the quantal hypothesis. !.

5.2.2 For large n and small p the binomial distribution is
approximately the same as Poisson.

Example 5.6 (continued from Section 5.2.1) Let us go a step further in exam-
ining the argument of del Castillo and Katz. Under behavioral conditions the EPP
would typically involve hundreds of quanta, but del Castillo and Katz used a magne-
sium bath to greatly decrease this number. In addition, they recorded spontaneous


