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The author considers an information source which can produce any one of a finite
number of symbols. These are fed into a channel for transmission, each symbol having
a positive time duration in the channel. The problem becomes statistical with the
assumption that if xn is the nth symbol produced by the source the xn process is a
stationary stochastic process. (Further hypotheses of Markov type are also made in
the applications.) The concept of the entropy H(U) of a random variable U which can
assume only a finite number of values, with probabilities p1, p2, · · ·, is fundamental:
H(U) = −

∑
i pi log pi. The entropy is a measure of the uncertainty in the value of

U , and has various suggestive properties indicating this; for example H(U) is greater
than or equal to the entropy of U conditioned by the knowledge of a second random
variable. If the xn’s above are mutually independent the entropy of the information
source is defined as H(xn), and is a measure of the amount of information available
in the source for transmission. A slightly modified definition of source entropy is made
if the xn’s are not mutually independent. The capacity of a channel is defined as C =
limT→∞ logN(T )/T , where N(T ) is the maximum number of sequences of symbols that
can be transmitted in time T , and it is shown that for given H and C the symbols
can be encoded in such a way that C/H − ε symbols per second can be transmitted
over the channel if ε > 0 but not if ε < 0. Many examples are given and the effect of
noise on the transmission is treated in some detail. For example, if H ≤ C above, there
exists a coding system such that the output of the source can be transmitted over the
channel with an arbitrary small error frequency. [For the early beginnings of this theory
cf. Nyquist, same J. 3, 324–346 (1924); Hartley, ibid. 7, 535–563 (1928).]

In the second part of the paper the author treats absolutely continuous distributions.
The entropy of a distribution in one or more dimensions, with density p(x), is defined
as −

∫
p(x) log p(x) dx and various qualitative properties of entropy are discussed. For

example, the entropy of a distribution in one dimension, with finite dispersion σ2, is a
maximum (relative to a not very clearly specified set of unbounded distributions) for
a normal distribution. The entropy per degree of freedom of a stationary and ergodic
process with random variables x1, x2, · · · is defined as H ′ = limn→∞Hn/n, where Hn

is the entropy of the distribution of x1, · · · , xn, and it is stated that if p(x1, · · · , xn) is
the density of the latter distribution, then n−1 log p converges in probability to H ′. The
entropy decrease caused by the action of a linear filter on a stationary ergodic process
is evaluated. The rate R of transmission of information over a channel is defined and
the channel capacity is then defined as the maximum of R for an arbitrarily varying
input. For example the capacity of a channel of band 0 to W cps perturbed by white
noise of power N , for average transmission power P , is W log(P +N)/P and this can
be interpreted to mean that proper coding will allow the transmission of this many
binary digits of information per second with arbitrarily small error frequency. Finally
the rate of generating information relative to a certain degree of fidelity is defined and
discussed. The discussion is suggestive throughout, rather than mathematical, and it is
not always clear that the author’s mathematical intentions are honorable. The point of
view is that stressed by Wiener in his NDRC report [soon to be published as a book]

https://mathscinet.ams.org/mathscinet
https://mathscinet.ams.org/mathscinet/search/publications.html?arg3=&co4=AND&co5=AND&co6=AND&co7=AND&dr=all&pg4=MR&pg5=TI&pg6=PC&pg7=ALLF&pg8=ET&review_format=html&s4=MR26286&s5=&s6=&s7=&s8=All&sort=Newest&vfpref=html&yearRangeFirst=&yearRangeSecond=&yrop=eq&r=1
https://mathscinet.ams.org/mathscinet/search/publications.html?refcit=26286&amp;loc=refcit
https://mathscinet.ams.org/mathscinet/search/publications.html?revcit=26286&amp;loc=revcit
https://mathscinet.ams.org/mathscinet/search/mscdoc.html?code=60%2E0X
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=159675
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=IID&s1=159675
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?&cn=Bell_System_Tech_J
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=408911


“The Interpolation, Extrapolation, and Smoothing of Stationary Time Series,” in which
communication is considered as a statistical problem, specifically in its mathematical
formulation as the study of stationary stochastic processes, and of the results of various
operations performed on them. J. L. Doob
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