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Thomas Bayes

 

Born
c. 1702 
London

Died
April 17th 1761 
Tunbridge Wells

Nationality British

Thomas Bayes (c. 1702 – April 17, 1761) was a British mathematician and Presbyterian minister, 

known for having formulated a special case of Bayes' theorem, which was published posthumously.
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Biography

Thomas Bayes was born in London. In 1719 he enrolled at the University of Edinburgh to study logic 

and theology: as a Nonconformist, Oxford and Cambridge were closed to him.

He is known to have published two works in his lifetime: Divine Benevolence, or an Attempt to Prove 

That the Principal End of the Divine Providence and Government is the Happiness of His Creatures 

(1731), and An Introduction to the Doctrine of Fluxions, and a Defence of the Mathematicians Against 

the Objections of the Author of the Analyst (published anonymously in 1736), in which he defended the 

logical foundation of Isaac Newton's calculus against the criticism of George Berkeley, author of The 

Analyst.

It is speculated that Bayes was elected as a Fellow of the Royal Society in 1742 on the strength of the 

Introduction to the Doctrine of Fluxions, as he is not known to have published any other mathematical 

works during his lifetime.

Bayes died in Tunbridge Wells, Kent. He is interred in Bunhill Fields Cemetery in London where many 

Nonconformists are buried.

Bayes' theorem

Bayes' solution to a problem of "inverse probability" was presented in the Essay Towards Solving a 

Problem in the Doctrine of Chances (1764), published posthumously by his friend Richard Price in the 
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Philosophical Transactions of the Royal Society of London. This essay contains a statement of a special 

case of Bayes' theorem.

In the first decades of the eighteenth century, many problems concerning the probability of certain 

events, given specified conditions, were solved. For example, given a specified number of white and 

black balls in an urn, what is the probability of drawing a black ball? These are sometimes called 

"forward probability" problems. Attention soon turned to the converse of such a problem: given that one 

or more balls has been drawn, what can be said about the number of white and black balls in the urn? 

The Essay of Bayes contains his solution to a similar problem, posed by Abraham de Moivre, author of 

The Doctrine of Chances (1718).

In addition to the Essay Towards Solving a Problem, a paper on asymptotic series was published 

posthumously.

Bayes and Bayesianism

Bayesian probability is the name given to several related interpretations of probability, which have in 

common the notion of probability as something like a partial belief, rather than a frequency. This allows 

the application of probability to all sorts of propositions rather than just ones that come with a reference 

class, and allows for a cleaner foundation than the frequentist interpretation. "Bayesian" has been used in 

this sense since about 1950.

It is not at all clear that Bayes himself would have embraced the very broad interpretation now called 

Bayesian. It is difficult to assess Bayes' philosophical views on probability, as the only direct evidence is 

his essay, which does not go into questions of interpretation. In the essay, Bayes defines probability as 

follows (Definition 5).

The probability of any event is the ratio between the value at which an expectation depending on 
the happening of the event ought to be computed, and the chance of the thing expected upon it's 
[sic] happening 

In modern utility theory we would say that expected utility is - sometimes, because buying risk for small 
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amounts or buying security for big amounts also happens - the probability of an event times the payoff 

received in case of that event. Rearranging that to solve for the probability, we obtain Bayes' definition. 

As Stigler (citation below) points out, this is a subjective definition, and does not require repeated 

events; however, it does require that the event in question be observable, for otherwise it could never be 

said to have "happened". (Some would argue, however, that things can happen without being 

observable.)

Thus it can be argued, as Stigler does, that Bayes intended his results in a rather more limited way than 

modern Bayesians; given Bayes' definition of probability, his result concerning the parameter of a 

binomial distribution makes sense only to the extent that one can bet on its observable consequences.

See also

●     Empirical Bayes 
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Pafnuty Chebyshev

 

Pafnuty Lvovich Chebyshev

Born
May 26 [O.S. May 14] 1821 
Borovsk, Kaluga, Russia

Died
December 8 [O.S. Nov. 26] 1894 
St Petersburg, Russia

Residence  Russia

Nationality  Russian

Field Mathematician

Institutions St Petersburg University

Alma mater Moscow University
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Academic advisor  Nikolai Brashman

Notable students  

Dmitry Grave 
Aleksandr Korkin 
Aleksandr Lyapunov 
Andrei Markov

Known for Mechanics and analytical geometry

Notable prizes Demidov Prize (1836)

Pafnuty Lvovich Chebyshev (Russian: Пафну́тий Льво́вич Чебышёв) 

( May 26 [O.S. May 14] 1821 – December 8 [O.S. November 26] 1894) was a Russian mathematician. His 

name is also transliterated in various ways, e. g. as Chebychev, Chebyshov, Tchebycheff or 

Tschebyscheff (French and German transcriptions).

Contents

●     1 Biography 
❍     1.1 Early years 
❍     1.2 University studies 
❍     1.3 Adult years 

●     2 Mathematical contributions 
●     3 Legacy 
●     4 See also 
●     5 External links 

Biography

Early years

One of nine children, he was born in the village of Okatovo, the district of Borovsk, province of Kaluga. 

His father was the wealthy landowner Lev Pavlovich Chebyshev. Pafnuty Lvovich got his first education 

at home from his mother Agrafena Ivanovna Chebysheva (reading and writing) and his cousin Avdotya 

Kvintillianovna Sukhareva (French and arithmetic). His music-teacher also played an important role in 

Chebyshev's education, for she "brought up his mind to exactness and analysis", as Chebyshev himself 

mentioned.
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Possibly a physical handicap, whose reasons are yet unknown, was important for Chebyshev's 

adolescence and development: He limped since his childhood and walked with a stick. Therefore his 

parents had to give up the idea to make an officer's career possible for him, although he would have 

followed the family's tradition. His complaint prevented him from most of the usual children's games, so 

very soon he devoted himself to a passion, which would determine his whole life: the construction of 

mechanisms.

In 1832, the family moved to Moscow mainly to attend to the education of their eldest sons (Pafnuty and 

Pavel, who would become a lawyer). The education continued at home, P.N. Pogorelski was engaged as 

a teacher for mathematics and physics, who was held as one of the best teachers in Moscow and, e. g. 

had educated the writer Ivan Sergeevich Turgenev. For the other subjects teachers with excellent 

reputation were invited, too.

University studies

In summer 1837, Chebyshev passed the registration examinations and in September he started the 

studies of mathematics at the second philosophical department of Moscow university. Among his 

teachers were counted N.D. Brashman, N.E. Zernov and D.M. Perevoshchikov. No doubt that among 

them Brashman had the greatest influence on Chebyshev. He instructed him in practical mechanics and 

probably showed him the work of the French engineer J.V. Poncelet. In 1841 Chebyshev was awarded 

the silver medal for his work "calculation of the roots of equations" which had already been finished in 

1838. In this contribution Chebyshev derived an approximating algorithm for the solution of algebraic 

equations of nth degree based on Newton's algorithm. In the same year he finished his studies as "most 

outstanding candidate".

In 1841, Chebyshev's financial situation drastically changed. In Russia a famine broke out, Chebyshev's 

parents were forced to leave the city and were not able to support their son anymore. Nevertheless, he 

decided to continue his mathematical studies and prepared the master examinations which spread over 

half a year. He passed the final examination in October 1843. In 1846 he defended his master thesis "An 

Attempt to an Elementary Analysis of Probabilistic Theory". The biographer Prudnikov assumes that 
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Chebyshev was directed to this mathematical branch after getting knowledge about recently edited 

books on probabilistic theory or the revenue of the insurance industry in Russia.

Adult years

In 1847, Chebyshev defended his dissertation pro venia legendi "About integration with the help of 

logarithms" at St Petersburg University and thus obtained the right to teach there as a lecturer. At that 

time some of Leonhard Euler's works were rediscovered by P. N. Fuss and were being edited by V. Ya. 

Bunyakovsky, who encouraged Chebyshev to engage in the study of them, something that would come 

to direct his life's work. Already in 1848, he had submitted his work theory of congruences for his 

doctorate, which he defended in May, 1849. After one year he was elected for an extraordinary professor 

at St Petersburg University, 1860 he became ordinary professor. In 1872, after 25 years of lectureship, 

he became merited professor. In 1882 he left the university and completely devoted his life to research.

Besides his lectureship at the university from 1852 to 1858, Chebyshev taught practical mechanics at the 

Alexander Lyceum in Tsarskoe Selo (now Pushkin), a southern suburb of St Petersburg.

His scientific achievements give the reasons for his election for a junior academician (adjunkt) in 1856. 

Later on, he became an extraordinary (1856) and in 1858 an ordinary member of the Imperial Academy 

of Sciences. In the same year he became honorable member of Moscow University. Moreover, he 

assumed other honourable appointments and was decorated several times: in 1856, Chebyshev became 

member of the scientific committee of the ministry of national education. In 1859, he became an 

ordinary member of the ordnance department of the academy with the adoption of the headship of the 

commission for mathematical questions according to ordnance and experiments related to the theory of 

shooting. The Paris academy elected him corresponding member in 1860 and full foreign member in 

1874. In 1893, he was elected honorable member of the St. Petersburg Mathematical Society, recently 

founded in 1890.

Pafnuty Lvovich Chebyshev died November 26, 1894, in St Petersburg.

Mathematical contributions
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Chebyshev is known for his work in the field of probability, statistics and number theory. Chebyshev's 

inequality says that if X is a random variable with standard deviation σ, the probability that the outcome 

of X is no less than aσ away from its mean is no more than 1/a2:

 

Chebyshev's inequality is used to prove the weak law of large numbers.

The Bertrand-Chebyshev theorem (1845|1850) states that for any n > 1, there exists a prime number p 

such that n < p < 2n. It is a consequence of Chebyshev inequalities for the number π(x) of prime 

numbers less than x, which state that π(x) is of the order of n / log(n). A more precise form is given by 

the celebrated prime number theorem: the quotient of the two expressions approaches 1 as n tends to 

infinity.

Legacy

Chebyshev is considered one of the founding fathers of Russian mathematics. Among his students were 

Dmitry Grave, Aleksandr Korkin, Aleksandr Lyapunov and Andrei Markov, themselves well known and 

prolific mathematicians. According to the Mathematics Genealogy Project, Chebyshev has about 4,000 

mathematical descendants.

See also

●     Chebyshev's inequality 
●     Chebyshev distance 
●     Chebyshev filter, in electronics and signal processing, a family of electronic filters 
●     Chebyshev function, in number theory 
●     Chebyshev polynomials 
●     Chebyshev's sum inequality 
●     Chebyshev's equation 
●     Chebyshev linkage, a straight line generating linkage. 
●     Chebyshev-Markov-Stieltjes inequalities 
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Johann Carl Friedrich Gauss

 

Carl Friedrich Gauss, painted by Christian Albrecht Jensen

Born
30 April 1777 
Brunswick, Germany

Died
23 February 1855 
Göttingen, Hannover, Germany

Residence  Germany

Nationality  German

Field Mathematician and physicist

Institutions Georg-August University

Alma mater Helmstedt University

Academic advisor  Johann Friedrich Pfaff

Notable students  

Friedrich Bessel 

Christoph Gudermann 

Christian Ludwig Gerling 

J. W. Richard Dedekind 

Johann Encke 

Johann Listing 

Bernhard Riemann
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Known for

Number theory 
The Gaussian 
Magnetism

Johann Carl Friedrich Gauss or Gauß (listen (help·info); Latin: Carolus Fridericus Gauss) (30 April 

1777 – 23 February 1855) was a German mathematician and scientist of profound genius who 

contributed significantly to many fields, including number theory, analysis, differential geometry, 

geodesy, magnetism, astronomy, and optics. Sometimes known as "the prince of mathematicians" and 

"greatest mathematician since antiquity", Gauss had a remarkable influence in many fields of 

mathematics and science and is ranked as one of history's most influential mathematicians.

Gauss was a child prodigy, of whom there are many anecdotes pertaining to his astounding precocity 

while a mere toddler, and made his first ground-breaking mathematical discoveries while still a teenager. 

He completed Disquisitiones Arithmeticae, his magnum opus, at the age of twenty-one (1798), though it 

would not be published until 1801. This work was fundamental in consolidating number theory as a 

discipline and has shaped the field to the present day.

Contents
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Early years

 

Statue of Gauss in 
Brunswick

Gauss was born in Brunswick, in the Duchy of Brunswick-Lüneburg (now part of 

Lower Saxony, Germany), as the only son of uneducated lower-class parents. 

According to legend, his gifts became very apparent at the age of three when he 

corrected, in his head, an error his father had made on paper while calculating 

finances.

Another famous story, and one that has evolved in the telling, has it that in primary 

school his teacher, J.G. Büttner tried to occupy pupils by making them add up the 

integers from 1 to 100. The young Gauss produced the correct answer within 

seconds by a flash of mathematical insight, to the astonishment of all. Gauss had 

realized that pairwise addition of terms from opposite ends of the list yielded 

identical intermediate sums: 1 + 100 = 101, 2 + 99 = 101, 3 + 98 = 101, and so on, 

for a total sum of 50 × 101 = 5050 (see arithmetic series and summation). (For 

more information, see [1] for discussion of original Wolfgang Sartorius von Waltershausen source.)

The Duke of Brunswick awarded Gauss a fellowship to the Collegium Carolinum (now Technische 

Universität Braunschweig), which he attended from 1792 to 1795, and from there went on to the 

University of Göttingen from 1795 to 1798. While in college, Gauss independently rediscovered several 

important theorems; his breakthrough occurred in 1796 when he was able to show that any regular 

polygon with a number of sides which is a Fermat prime (and, consequently, those polygons with any 

number of sides which is the product of distinct Fermat primes and a power of 2) can be constructed by 

compass and straightedge. This was a major discovery in an important field of mathematics; 

construction problems had occupied mathematicians since the days of the Ancient Greeks. Gauss was so 

pleased by this result that he requested that a regular heptadecagon be inscribed on his tombstone. The 

stonemason declined, stating that the difficult construction would essentially look like a circle.

1796 was probably the most productive year for both Gauss and number theory. The construction of the 

heptadecagon was discovered on March 30. He invented modular arithmetic, greatly simplifying 

manipulations in number theory. He became the first to prove the quadratic reciprocity law on April 8. 
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This remarkably general law allows mathematicians to determine the solvability of any quadratic 

equation in modular arithmetic. The prime number theorem, conjectured on May 31, gives a good 

understanding of how the prime numbers are distributed among the integers. Gauss also discovered that 

every positive integer is representable as a sum of at most three triangular numbers on July 10 and then 

jotted down in his diary the famous words, "Heureka! num= ∆ + ∆ + ∆." On October 1 he published a 

result on the number of solutions of polynomials with coefficients in finite fields (this ultimately led to 

the Weil conjectures 150 years later).

Middle years

 

Title page of Gauss's 
Disquisitiones Arithmeticae

In his 1799 dissertation, A New Proof That Every Rational Integer 

Function of One Variable Can Be Resolved into Real Factors of the 

First or Second Degree, Gauss gave a proof of the fundamental 

theorem of algebra. This important theorem states that every 

polynomial over the complex numbers must have at least one root. 

Other mathematicians had tried to prove this before him, e.g. Jean le 

Rond d'Alembert. Gauss's dissertation contained a critique of 

d'Alembert's proof, but his own attempt would not be accepted owing 

to implicit use of the Jordan curve theorem. Gauss over his lifetime 

produced three more proofs, probably due in part to this rejection of 

his dissertation; his last proof in 1849 is generally considered rigorous 

by today's standard. His attempts clarified the concept of complex 

numbers considerably along the way.

Gauss also made important contributions to number theory with his 

1801 book Disquisitiones Arithmeticae, which contained a clean presentation of modular arithmetic and 

the first proof of the law of quadratic reciprocity. In that same year, Italian astronomer Giuseppe Piazzi 

discovered the planetoid Ceres, but could only watch it for a few days. Gauss predicted correctly the 

position at which it could be found again, and it was rediscovered by Franz Xaver von Zach on 

December 31, 1801 in Gotha, and one day later by Heinrich Olbers in Bremen. Zach noted that "without 
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the intelligent work and calculations of Doctor Gauss we might not have found Ceres again." Though 

Gauss had up to this point been supported by the stipend from the Duke, he doubted the security of this 

arrangement, and also did not believe pure mathematics to be important enough to deserve support. Thus 

he sought a position in astronomy, and in 1807 was appointed Professor of Astronomy and Director of 

the astronomical observatory in Göttingen, a post he held for the remainder of his life.

The discovery of Ceres by Piazzi on January 1, 1801 led Gauss to his work on a theory of the motion of 

planetoids disturbed by large planets, eventually published in 1809 under the name Theoria motus 

corporum coelestium in sectionibus conicis solem ambientum (theory of motion of the celestial bodies 

moving in conic sections around the sun). Piazzi had only been able to track Ceres for a couple of 

months, following it for three degrees across the night sky. Then it disappeared temporarily behind the 

glare of the Sun. Several months later, when Ceres should have reappeared, Piazzi could not locate it: 

the mathematical tools of the time were not able to extrapolate a position from such a scant amount of 

data – three degrees represent less than 1% of the total orbit.

Gauss, who was 23 at the time, heard about the problem and tackled it head-on. After three months of 

intense work, he predicted a position for Ceres in December 1801 – just about a year after its first 

sighting – and this turned out to be accurate within a half-degree. In the process, he so streamlined the 

cumbersome mathematics of 18th century orbital prediction that his work – published a few years later 

as Theory of Celestial Movement – remains a cornerstone of astronomical computation. It introduced the 

Gaussian gravitational constant, and contained an influential treatment of the method of least squares, a 

procedure used in all sciences to this day to minimize the impact of measurement error. Gauss was able 

to prove the method in 1809 under the assumption of normally distributed errors (see Gauss-Markov 

theorem; see also Gaussian). The method had been described earlier by Adrien-Marie Legendre in 1805, 

but Gauss claimed that he had been using it since 1795.

Gauss was a prodigious mental calculator. Reputedly, when asked how he had been able to predict the 

trajectory of Ceres with such accuracy he replied, "I used logarithms." The questioner then wanted to 

know how he had been able to look up so many numbers from the tables so quickly. "Look them up?" 

Gauss responded. "Who needs to look them up? I just calculate them in my head!"
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Gauss had been asked in the late 1810s to carry out a geodetic survey of the state of Hanover to link up 

with the existing Danish grid. Gauss was pleased to accept and took personal charge of the survey, 

making measurements during the day and reducing them at night, using his extraordinary mental 

capacity for calculations. He regularly wrote to Schumacher, Olbers and Bessel, reporting on his 

progress and discussing problems. As part of the survey, Gauss invented the heliotrope which worked by 

reflecting the Sun's rays using a set of mirrors and a small telescope.

Gauss also claimed to have discovered the possibility of non-Euclidean geometries but never published 

it. This discovery was a major paradigm shift in mathematics, as it freed mathematicians from the 

mistaken belief that Euclid's axioms were the only way to make geometry consistent and non-

contradictory. Research on these geometries led to, among other things, Einstein's theory of general 

relativity, which describes the universe as non-Euclidean. His friend Farkas (Wolfgang) Bolyai (with 

whom Gauss had sworn "brotherhood and the banner of truth" as a student) had tried in vain for many 

years to prove the parallel postulate from Euclid's other axioms of geometry. Bolyai's son, János Bolyai, 

discovered non-Euclidean geometry in 1829; his work was published in 1832. After seeing it, Gauss 

wrote to Farkas Bolyai: "To praise it would amount to praising myself. For the entire content of the 

work ... coincides almost exactly with my own meditations which have occupied my mind for the past 

thirty or thirty-five years." This unproved statement put a strain on his relationship with János Bolyai 

(who thought that Gauss was "stealing" his idea), but it is nowadays generally taken at face value.

 

Four Gaussian distributions in statistics.

The survey of Hanover later led to the development of the 

Gaussian distribution, also known as the normal 

distribution, for describing measurement errors. Moreover, 

it fuelled Gauss's interest in differential geometry, a field of 

mathematics dealing with curves and surfaces. In this field, 

he came up in 1828 with an important theorem, the 

theorema egregrium (remarkable theorem in Latin) 

establishing an important property of the notion of 

curvature. Informally, the theorem says that the curvature of 

http://en.wikipedia.org/w/index.php?title=Carl_Friedrich_Gauss&printable=yes (6 of 12)5/1/2007 5:34:39 PM

http://en.wikipedia.org/wiki/Geophysical_survey
http://en.wikipedia.org/wiki/Hanover
http://en.wikipedia.org/wiki/Denmark
http://en.wikipedia.org/wiki/Heinrich_Christian_Schumacher
http://en.wikipedia.org/wiki/Heinrich_Wilhelm_Matth%C3%A4us_Olbers
http://en.wikipedia.org/wiki/Friedrich_Wilhelm_Bessel
http://en.wikipedia.org/wiki/Heliotrope_%28instrument%29
http://en.wikipedia.org/wiki/Non-Euclidean_geometry
http://en.wikipedia.org/wiki/Paradigm_shift
http://en.wikipedia.org/wiki/Euclid
http://en.wikipedia.org/wiki/Albert_Einstein
http://en.wikipedia.org/wiki/General_relativity
http://en.wikipedia.org/wiki/General_relativity
http://en.wikipedia.org/wiki/Farkas_Bolyai
http://en.wikipedia.org/wiki/Parallel_postulate
http://en.wikipedia.org/wiki/Janos_Bolyai
http://en.wikipedia.org/wiki/Image:Normal_distribution_pdf.png
http://en.wikipedia.org/wiki/Normal_distribution
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Normal_distribution
http://en.wikipedia.org/wiki/Normal_distribution
http://en.wikipedia.org/wiki/Differential_geometry
http://en.wikipedia.org/wiki/Curve
http://en.wikipedia.org/wiki/Surface
http://en.wikipedia.org/wiki/Theorema_egregrium
http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Curvature


Carl Friedrich Gauss - Wikipedia, the free encyclopedia

a surface can be determined entirely by measuring angles and distances on the surface; that is, curvature 

does not depend on how the surface might be embedded in (3-dimensional) space.

Later years, death, and afterwards

In 1831 Gauss developed a fruitful collaboration with the physics professor Wilhelm Weber; it led to 

new knowledge in the field of magnetism (including finding a representation for the unit of magnetism 

in terms of mass, length and time) and the discovery of Kirchhoff's circuit laws in electricity. Gauss and 

Weber constructed the first electromagnetic telegraph in 1833, which connected the observatory with the 

institute for physics in Göttingen. Gauss ordered a magnetic observatory to be built in the garden of the 

observatory and with Weber founded the magnetischer Verein ("magnetic club"), which supported 

measurements of earth's magnetic field in many regions of the world. He developed a method of 

measuring the horizontal intensity of the magnetic field which has been in use well into the second half 

of the 20th century and worked out the mathematical theory for separating the inner (core and crust) and 

outer (magnetospheric) sources of Earth's magnetic field.

Gauss died in Göttingen, Hanover (now part of Lower Saxony, Germany) in 1855 and is interred in the 

cemetery Albanifriedhof there. Two individuals gave eulogies at his funeral, Gauss's son-in-law Heinrich 

Ewald, and Wolfgang Sartorius von Waltershausen, who was Gauss's close friend and biographer. His 

brain was preserved and was studied by Rudolf Wagner who found its weight to be 1,492 grams and the 

cerebral area equal to 219,588 square centimeters. Highly developed convolutions were also found, 

which in the early 20th century was suggested as the explanation of his genius (Dunnington, 1927).

Family

Gauss's personal life was overshadowed by the early death of his first wife, Johanna Osthoff, in 1809, 

soon followed by the death of one child, Louis. Gauss plunged into a depression from which he never 

fully recovered. He married again, to a friend of his first wife named Friederica Wilhelmine Waldeck 

(Minna), but this second marriage does not seem to have been very happy. When his second wife died in 

1831 after a long illness, one of his daughters, Therese, took over the household and cared for Gauss 

until the end of his life. His mother lived in his house from 1817 until her death in 1839.
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Gauss had six children, three by each wife. With Johanna (1780–1809), his children were Joseph (1806–

1873), Wilhelmina (1808–1846) and Louis (1809–1810). Of all of Gauss's children, Wilhelmina was 

said to have come closest to his talent, but she died young. With Minna Waldeck he also had three 

children: Eugene (1811–1896), Wilhelm (1813–1879) and Therese (1816–1864). Eugene immigrated to 

the United States about 1832 after a falling out with his father, eventually settling in St. Charles, 

Missouri, where he became a well respected member of the community. Wilhelm came to settle in 

Missouri somewhat later, starting as a farmer and later becoming wealthy in the shoe business in St. 

Louis. Therese kept house for Gauss until his death, after which she married.

Personality

Gauss was an ardent perfectionist and a hard worker. There is a famous anecdote of Gauss being 

interrupted in the middle of a problem and told that his wife was dying. He is purported to have said, 

"Tell her to wait a moment 'til I'm through". He was never a prolific writer, refusing to publish works 

which he did not consider complete and above criticism. This was in keeping with his personal motto 

pauca sed matura (few, but ripe). A study of his personal diaries reveals that he had in fact discovered 

several important mathematical concepts years or decades before they were published by his 

contemporaries. Prominent mathematical historian Eric Temple Bell estimated that had Gauss made 

known all of his discoveries, mathematics would have been advanced by fifty years. (Bell, 1937)

Another criticism of Gauss is that he did not support the younger mathematicians who followed him. He 

rarely, if ever, collaborated with other mathematicians and was considered aloof and austere by many. 

Though he did take in a few students, Gauss was known to dislike teaching (it is said that he attended 

only a single scientific conference, which was in Berlin in 1828). However, several of his students 

turned out to be influential mathematicians, among them Richard Dedekind, Bernhard Riemann, and 

Friedrich Bessel. Before she died, Sophie Germain was recommended by Gauss to receive her honorary 

degree.

Gauss generally did not get along with his male relatives. His father had wanted him to follow in his 

footsteps, i.e., to become a mason. He was not supportive of Gauss's schooling in mathematics and 

science. Gauss was primarily supported by his mother in this effort. Likewise, he had conflicts with his 
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sons, two of whom migrated to the United States. He did not want any of his sons to enter mathematics 

or science for "fear of sullying the family name". His conflict with Eugene was particularly bitter. Gauss 

wanted Eugene to become a lawyer, but Eugene wanted to study languages. They had an argument over 

a party Eugene held, which Gauss refused to pay for. The son left in anger and immigrated to the United 

States, where he was quite successful. It took many years for Eugene's success to counteract his 

reputation among Gauss's friends and colleagues. See, also the letter from Robert Gauss to Felix Klein 

on September 3, 1912.

Unlike modern mathematicians, Gauss usually declined to present the intuition behind his often very 

elegant proofs--he preferred them to appear "out of thin air" and erased all traces of how he discovered 

them.

Gauss was deeply religious and conservative. He supported monarchy and opposed Napoleon whom he 

saw as an outgrowth of revolution.

Commemorations

The cgs unit for magnetic induction was named gauss in his honor.

 

10 Deutsche Mark − German 
banknote featuring Gauss

From 1989 until the end of 2001, his portrait and a normal 

distribution curve were featured on the German ten-mark banknote. 

Germany has issued three stamps honoring Gauss, as well. A 

stamp (no. 725), was issued in 1955 on the hundredth anniversary 

of his death; two other stamps, no. 1246 and 1811, were issued in 

1977, the 200th anniversary of his birth.

G. Waldo Dunnington was a lifelong student of Gauss. He wrote many articles, and a biography: Carl 

Frederick Gauss: Titan of Science. This book was reissued in 2003, after having been out of print for 

almost 50 years.

In 2007, his bust will be introduced to the Walhalla.
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Places, vessels and events named in honour of Gauss:

●     Gauss crater on the Moon 
●     Asteroid 1001 Gaussia. 
●     The First German Antarctica Expedition's ship Gauss 
●     Gaussberg, an extinct volcano discovered by the above mentioned expedition 
●     Gauss Tower, an observation tower 
●     In Canadian junior high schools, an annual national mathematics competition administered by the 

Centre for Education in Mathematics and Computing is named in honour of Gauss. 

See also

●     List of topics named after Carl Friedrich Gauss 
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Pierre-Simon, Marquis de Laplace

French mathematician & astronomer

Born
March 23, 1749 
Beaumont-en-Auge, Normandy 

Died March 5, 1827

Pierre-Simon, Marquis de Laplace (March 23, 1749 – March 5, 1827) was a French mathematician 

and astronomer who put the final capstone on mathematical astronomy by summarizing and extending 

the work of his predecessors in his five volume Mécanique Céleste (Celestial Mechanics) (1799-1825). 

This masterpiece translated the geometrical study of classical mechanics used by Isaac Newton to one 

based on calculus, known as physical mechanics [1].

He is also the discoverer of Laplace's equation. The Laplace transform appears in all branches of 

mathematical physics — a field he took a leading role in forming. The Laplacian differential operator, 

much relied-upon in applied mathematics, is likewise named after him.
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He became count of the Empire in 1806 and was named a marquis in 1817 after the restoration of the 

Bourbons.
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Biography

Pierre Simon Laplace was born in Beaumont-en-Auge, Normandy, the son of a small cottager or perhaps 

a farm-labourer, and owed his education to the interest excited in some wealthy neighbours by his 

abilities and engaging presence. It would seem from a pupil he became an usher in the school at 

Beaumont; but, having procured a letter of introduction to Jean le Rond d'Alembert, he went to Paris to 

push his fortune. A paper on the principles of mechanics excited d'Alembert's interest, and on his 

recommendation a place in the military school was offered to Laplace.

Secure of a competency, Laplace now threw himself into original research, and in the next seventeen 

years, 1771-1787, he produced much of his original work in astronomy. This commenced with a 

memoir, read before the French Academy in 1773, in which he showed that the planetary motions were 
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stable, and carried the proof as far as the cubes of the eccentricities and inclinations. This was followed 

by several papers on points in the integral calculus, finite differences, differential equations, and 

astronomy.

Laplace had a wide knowledge of all sciences and dominated all discussions in the Académie. Quite 

uniquely for a mathematical prodigy of his skill, Laplace viewed mathematics as nothing in itself but a 

tool to be called upon in the investigation of a scientific or practical inquiry.

Laplace spent much of his life working on mathematical astronomy that culminated in his masterpiece 

on the proof of the dynamic stability of the solar system with the assumption that it consists of a 

collection of rigid bodies moving in a vacuum. He independently formulated the nebular hypothesis and 

was one of the first scientists to postulate the existence of black holes and the notion of gravitational 

collapse.

He is remembered as one of the greatest scientists of all time (sometimes referred to as a French 

Newton) with a natural phenomenal mathematical faculty possessed by none of his contemporaries. It 

does appear that Laplace was not modest about his abilities and achievements, and he probably failed to 

recognise the effect of his attitude on his colleagues. Anders Johan Lexell visited the Académie des 

Sciences in Paris in 1780-81 and reported that Laplace let it be known widely that he considered himself 

the best mathematician in France. The effect on his colleagues would have been only mildly eased by 

the fact that Laplace was very likely right. [2]

Probability theory

While he conducted much research in physics, another major theme of his life's endeavours was 

probability theory. In his Essai philosophique sur les probabilités, Laplace set out a mathematical 

system of inductive reasoning based on probability, which we would today recognise as Bayesian. One 

well-known formula arising from his system is the rule of succession. Suppose that some trial has only 

two possible outcomes, labeled "success" and "failure". Under the assumption that little or nothing is 

known a priori about the relative plausibilities of the outcomes, Laplace derived a formula for the 

probability that the next trial will be a success.
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where s is the number of previously observed successes and n is the total number of observed trials. It is 

still used as an estimator for the probability of an event if we know the event space, but only have a 

small number of samples.

The rule of succession has been subject to much criticism, partly due to the example which Laplace 

chose to illustrate it. He calculated that the probability that the sun will rise tomorrow, given that it has 

never failed to in the past, was

 

where d is the number of times the sun has risen in the past times. This result has been derided as absurd, 

and some authors have concluded that all applications of the Rule of Succession are absurd by extension. 

However, Laplace was fully aware of the absurdity of the result; immediately following the example, he 

wrote, "But this number [i.e., the probability that the sun will rise tomorrow] is far greater for him who, 

seeing in the totality of phenomena the principle regulating the days and seasons, realizes that nothing at 

the present moment can arrest the course of it."

Laplace's demon

Laplace strongly believed in causal determinism, which is expressed in the following quote from the 

introduction to the Essai:

“ We may regard the present state of the universe as the effect of its past and the cause of 
its future. An intellect which at a certain moment would know all forces that set nature 
in motion, and all positions of all items of which nature is composed, if this intellect 
were also vast enough to submit these data to analysis, it would embrace in a single 
formula the movements of the greatest bodies of the universe and those of the tiniest 
atom; for such an intellect nothing would be uncertain and the future just like the past 
would be present before its eyes. ”
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This intellect is often referred to as Laplace's demon (in the same vein as Maxwell's demon). Note that 

the description of the hypothetical intellect described above by Laplace as a demon does not come from 

Laplace, but from later biographers: Laplace saw himself as a scientist that hoped that humanity would 

progress in a better scientific understanding of the world, which, if and when eventually completed, 

would still need a tremendous calculating power to compute it all in a single instant. While Laplace saw 

foremost practical problems for mankind to reach this ultimate stage of knowledge and computation, 

later interpretations of quantum mechanics, which were adopted by philosophers defending the existence 

of free will, also leave the theoretical possibility of such an "intellect" contested. A physical 

implementation of Laplace's Demon has been referred to as a Laplace Computer.

There has recently been proposed a limit on the computational power of the universe, i.e., the ability of 

Laplace's Demon to process an infinite amount of information. The limit is based on the maximum 

entropy of the universe, the speed of light, and the minimum amount of time taken to move information 

across the Planck length, and the figure turns out to be 2130 bits. Accordingly, anything that requires 

more than this amount of data cannot be computed in the amount of time that has elapsed so far in the 

universe. (An actual theory of everything might find an exception to this limit, of course.)

Spherical harmonics or Laplace's coefficients

During the years 1784-1787 he produced some memoirs of exceptional power. Prominent among these 

is one read in 1784, and reprinted in the third volume of the Méchanique céleste, in which he completely 

determined the attraction of a spheroid on a particle outside it. This is memorable for the introduction 

into analysis of spherical harmonics or Laplace's coefficients, as also for the development of the use of 

the potential - a name first given by Green in 1828.

If the co-ordinates of two points be (r,μ,ω) and (r',μ',ω'), and if r' ≥ r, then the reciprocal of the 

distance between them can be expanded in powers of r/r', and the respective coefficients are Laplace's 

coefficients. Their utility arises from the fact that every function of the co-ordinates of a point on the 

sphere can be expanded in a series of them. It should be stated that the similar coefficients for space of 

two dimensions, together with some of their properties, had been previously given by Legendre in a 
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paper sent to the French Academy in 1783. Legendre had good reason to complain of the way in which 

he was treated in this matter.

This paper is also remarkable for the development of the idea of the potential, which was appropriated 

from Lagrange, who had used it in his memoirs of 1773, 1777 and 1780. Laplace showed that the 

potential always satisfies the differential equation

 

and on this result his subsequent work on attractions was based. The quantity  has been 

termed the concentration of  and its value at any point indicates the excess of the value of  there 

over its mean value in the neighbourhood of the point. Laplace's equation, or the more general form 

, appears in all branches of mathematical physics. According to some writers this 

follows at once from the fact that  is a scalar operator or possibly it might be regarded by a Kantian 

as the outward sign of one of the necessary forms through which all phenomena are perceived.

Planetary inequalities

This memoir was followed by another on planetary inequalities, which was presented in three sections in 

1784, 1785, and 1786. This deals mainly with the explanation of the "great inequality" of Jupiter and 

Saturn. Laplace showed by general considerations that the mutual action of two planets could never 

largely affect the eccentricities and inclinations of their orbits; and that the peculiarities of the Jovian 

system were due to the near approach to commensurability of the mean motions of Jupiter and Saturn: 

further developments of these theorems on planetary motion were given in his two memoirs of 1788 and 

1789. It was on these data that Delambre computed his astronomical tables.

The year 1787 was rendered memorable by Laplace's explanation and analysis of the relation between 

the lunar acceleration and the secular changes in the eccentricity of the earth's orbit: this investigation 

completed the proof of the stability of the whole solar system on the assumption that it consists of a 

collection of rigid bodies moving in a vacuum. All the memoirs above alluded to were presented to the 
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French Academy, and they are printed in the "Mémoires présentés par divers savants".

Celestial mechanics

Laplace now set himself the task to write a work which should "offer a complete solution of the great 

mechanical problem presented by the solar system, and bring theory to coincide so closely with 

observation that empirical equations should no longer find a place in astronomical tables." The result is 

embodied in the Exposition du système du monde and the Méchanique céleste.

The former was published in 1796, and gives a general explanation of the phenomena, but omits all 

details. It contains a summary of the history of astronomy: this summary procured for its author the 

honour of admission to the forty of the French Academy; it is commonly esteemed one of the 

masterpieces of French literature, though it is not altogether reliable for the later periods of which it 

treats.

The nebular hypothesis was here enunciated. According to this hypothesis the solar system has been 

evolved from a globular mass of incandescent gas rotating around an axis through its centre of mass. As 

it cooled this mass contracted and successive rings broke off from its outer edge. These rings in their 

turn cooled, and finally condensed into the planets, while the sun represents the central core which is 

still left. On this view we should expect that the more distant planets would be older than those nearer 

the sun. The subject is one of great difficulty, and though it seems certain that the solar system has a 

common origin, there are various features which appear almost inexplicable on the nebular hypothesis as 

enunciated by Laplace.

Probably the best modern opinion inclines to the view that nebular condensation, meteoric condensation, 

tidal friction, and possibly other causes yet unsuggested, have all played their part in the evolution of the 

system.

The idea of the nebular hypothesis had been outlined by Kant in 1755, and he had also suggested 

meteoric aggregations and tidal friction as causes affecting the formation of the solar system: it is 

probable that Laplace was not aware of this.
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According to the rule published by Titius of Wittemberg in 1766-but generally known as Bode's Law, 

from the fact that attention was called to it by Johann Elert Bode in 1778 - the distances of the planets 

from the sun are nearly in the ratio of the numbers 0 + 4, 3 + 4, 6 + 4, 12+4, etc., the n-th term being ((n 

- 1) * 3) + 4.

Laplace's analytical discussion of the solar system is given in his Méchanique céleste published in five 

volumes. The first two volumes, published in 1799, contain methods for calculating the motions of the 

planets, determining their figures, and resolving tidal problems. The third and fourth volumes, published 

in 1802 and 1805, contain applications of these methods, and several astronomical tables. The fifth 

volume, published in 1825, is mainly historical, but it gives as appendices the results of Laplace's latest 

researches. Laplace's own investigations embodied in it are so numerous and valuable that it is 

regrettable to have to add that many results are appropriated from writers with scanty or no 

acknowledgement, and the conclusions - which have been described as the organized result of a century 

of patient toil - are frequently mentioned as if they were due to Laplace.

Biot, who assisted Laplace in revising it for the press, says that Laplace himself was frequently unable to 

recover the details in the chain of reasoning, and, if satisfied that the conclusions were correct, he was 

content to insert the constantly recurring formula, "Il est aisé à voir." The Méchanique céleste is not 

only the translation of the Principia into the language of the differential calculus, but it completes parts 

of which Newton had been unable to fill in the details. F. F. Tisserand's recent work may be taken as the 

modern presentation of dynamical astronomy on classical lines, but Laplace's treatise will always remain 

a standard authority.

Science as prediction

Laplace went in state to beg Napoleon to accept a copy of his work, who had heard that the book 

contained no mention of God; Napoleon, who was fond of putting embarrassing questions, received it 

with the remark, "M. Laplace, they tell me you have written this large book on the system of the 

universe, and have never even mentioned its Creator." Laplace, who, though the most supple of 

politicians, was as stiff as a martyr on every point of his philosophy, drew himself up and answered 

bluntly, "Je n'avais pas besoin de cette hypothèse-là." (I did not need to make such an assumption). 
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Napoleon, greatly amused, told this reply to Lagrange, who exclaimed, "Ah! c'est une belle hypothèse; 

ça explique beaucoup de choses" (Ah! that is a beautiful assumption; it explains many things). Laplace 

then declared: "Cette hypothèse, Sire, explique en effet tout, mais ne permet de prédire rien. En tant que 

savant, je me dois de vous fournir des travaux permettant des prédictions" ("This hypothesis, Sire, does 

explain everything, but does not permit to predict anything. As a scholar, I must provide you with works 

permitting predictions." - quoted by Ian Stewart and Jack Cohen). Laplace thus defined science as a 

predicting tool.

Black hole

Laplace also came close to propounding the concept of the black hole. He pointed out that there could be 

massive stars whose gravity is so great that not even light could escape from their surface (see escape 

velocity). Laplace also speculated that some of the nebulae revealed by telescopes may not be part of the 

Milky Way and might actually be galaxies themselves. Thus, he anticipated the major discovery of 

Edwin Hubble, some 100 years before it happened.

Analytic theory of probabilities

In 1812, Laplace issued his Théorie analytique des probabilités. The method of estimating the ratio of 

the number of favourable cases, compared to the whole number of possible cases, had been previously 

indicated by Laplace in a paper written in 1779. It consists of treating the successive values of any 

function as the coefficients in the expansion of another function, with reference to a different variable. 

The latter is therefore called the generating function of the former. Laplace then shows how, by means 

of interpolation, these coefficients may be determined from the generating function. Next he attacks the 

converse problem, and from the coefficients he finds the generating function; this is effected by the 

solution of an equation in finite differences. The method is cumbersome and leads most of the time to a 

normal probability distribution the so called Laplace-Gauss distribution.

This treatise includes an exposition of the method of least squares, a remarkable testimony to Laplace's 

command over the processes of analysis. The method of least squares for the combination of numerous 

observations had been given empirically by Gauss and Legendre, but the fourth chapter of this work 
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contains a formal proof of it, on which the whole of the theory of errors has been since based. This was 

affected only by a most intricate analysis specially invented for the purpose, but the form in which it is 

presented is so meagre and unsatisfactory that, in spite of the uniform accuracy of the results, it was at 

one time questioned whether Laplace had actually gone through the difficult work he so briefly and 

often incorrectly indicates.

Laplace seems to have regarded analysis merely as a means of attacking physical problems, though the 

ability with which he invented the necessary analysis is almost phenomenal. As long as his results were 

true he took but little trouble to explain the steps by which he arrived at them; he never studied elegance 

or symmetry in his processes, and it was sufficient for him if he could by any means solve the particular 

question he was discussing.

In 1819, Laplace published a popular account of his work on probability. This book bears the same 

relation to the Théorie des probabilités that the Système du monde does to the Méchanique céleste.

Minor discoveries and accomplishments

Amongst the minor discoveries of Laplace in pure mathematics is his discussion (simultaneously with 

Vandermonde) of the general theory of determinants in 1772; his proof that every equation of an even 

degree must have at least one real quadratic factor; his reduction of the solution of linear differential 

equations to definite integrals; and his solution of the linear partial differential equation of the second 

order. He was also the first to consider the difficult problems involved in equations of mixed differences, 

and to prove that the solution of an equation in finite differences of the first degree and the second order 

might be always obtained in the form of a continued fraction. Besides these original discoveries he 

determined, in his theory of probabilities, the values of a number of the more common definite integrals; 

and in the same book gave the general proof of the theorem enunciated by Lagrange for the development 

of any implicit function in a series by means of differential coefficients.

Together with Thomas Young, Laplace is credited with describing the pressure across a curved surface, 

as set out in the Young-Laplace equation.
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Born
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Died
30 June 1919 
Terling Place, Witham, Essex, UK
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Academic advisor  Edward John Routh

Notable students  
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Known for

Discovery of argon 
Rayleigh waves 
Rayleigh scattering 
Rayleigh criterion

Notable prizes  Nobel Prize for Physics (1904)

John William Strutt, 3rd Baron Rayleigh (12 November 1842 – 30 June 1919) was an English 

physicist who (with William Ramsay) discovered the element argon, an achievement that earned him the 

Nobel Prize for Physics in 1904. He also discovered the phenomenon now called Rayleigh scattering 

and predicted the existence of the surface waves now known as Rayleigh waves.

Contents

●     1 Biography 
●     2 Prizes 
●     3 See also 
●     4 Notes 
●     5 References and further reading 

Biography

Strutt was born in Langford Grove, Essex and in his early years suffered frailty and poor health.

He went to Harrow School and began studying mathematics at Trinity College, Cambridge, in 1861. In 

1865, he obatined his BA (Senior Wrangler and 1st Smith's prize) and MA in 1868. He was 

subsequently elected to a Fellowship of Trinity. He held the post until his marriage to Evelyn Balfour, 

daughter of James Maitland Balfour in 1871. He had three sons with her.

In 1873 his father, John Strutt, 2nd Baron Rayleigh died, and he 

inherited the Barony of Rayleigh.

He was the second Cavendish Professor of Physics at the 

University of Cambridge, following James Clerk Maxwell in this position from 1879 to 1884.
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Approximately 1900 Lord Rayleigh developed the Duplex (combination of two) Theory (Human sound 

localization using two binaural cues). Interaural time delay (ITD) and interaural level difference (ILD) 

(assuming a spherical head with no external pinnae). Humans perceive sound objects spatially, using the 

difference in the phase (time delay) of the sound and the difference in amplitude (level) between the two 

ears, in a similar way that stereoscopic sight provides depth perception. Also called two primary cues for 

azimuth (horzontal location) but possibly its two primary cues for a 3 dimensional bearing. For example 

when you hear a seagull call out you can determine roughly x y and z location of the sound. Although 

Pinnae reflections are considered a main cue for vertical localisation.

Lord Rayleigh was elected to Fellow of the Royal Society on June 12, 1873 and was elected president of 

the Royal Society between 1905 and 1908.

Lord Rayleigh died on June 30, 1919 in Witham, Essex.

Craters on Mars and the Moon are named in his honor as well as a type of surface wave known as a 

Rayleigh wave.

Prizes

●     Royal Medal (1882) 
●     Matteucci Medal (1894) 
●     Copley Medal (1899) 
●     Nobel Prize for Physics (1904) 
●     Rumford Medal (1920) 

See also

●     Rayleigh criterion 
●     Rayleigh fading 
●     Rayleigh number 
●     Rayleigh quotient 
●     Rayleigh scattering 
●     Rayleigh (unit) (named after his son) 
●     Rayleigh waves 
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Stephen 0. Rice was born November 29, 1907, in Shedds, Oregon. He received the B. S. degree in electrical engineering from Oregon 
State College, Corvallis, in 1929 and carried out graduate work at California Institute of Technology and at Columbia University. In 1961 he 
received the honorary degree of Doctor of Science from Oregon State College. Following his graduate study, he joined Bell Telephone 
Laboratories as a Member of Technical Staff. 

From 1930 until 1968, Dr. Rice served Bell Labs as a consultant on transmission engineering and carried out research in communication 
theory. From 1968 until his retirement in 1972, he served as Head of the Communications Analysis Research Department where he was 
concerned with various aspects of communication theory, particularly those areas involving random phenomena and noise. Since 1972 he 
has been a research physicist in the Department of Electrical Engineering and Computer Science at the University of California, San Diego. 

Dr. Rice has been one of the giants in the development of communication theory. His career has been marked by extraordinary technical 
contributions to the scientific basis of telecommunications. His more than 60 papers have included major contributions in the fields of noise 
theory, frequency modulation, nonlinear systems, and communication theory. To these could be added significant work in such areas as 
scattering from rough surfaces, propagation, traffic theory, transmission and wave-guide theory, and mathematics. 

Dr. Rice's paper on "Mathematical Analysis of Random Noise," published in 1944 and 1945, is a classic in its field. It has had immense 
scientific and engineering influence not only on electrical communications, but also on other fields of engineering where random processes 
are important In addition to his engineering achievements, Dr. Rice has proven himself to be an exceedingly able mathematician and has 
made many contributions to applied mathematics as a spin- off from his engineering investigations. 

Dr. Rice is a member of the National Academy of Engineering and is a Fellow of the IEEE. During 1958 he served as a Gordon McKay 
Visiting Lecturer in Applied Physics at Harvard University. He was the recipient of the 1965 Mervin J. Kelly Award of the IEEE for his 
outstanding contributions in the field of communications and in 1974 received the Outstanding Contribution Award of the IEEE National 
Telecommunications Conference. From the outset, Dr. Rice's work has been characterized by depth, breadth, and an uncanny ability of 
getting directly to the essence of the engineering problem of interest Common threads running throughout his work include applications of 
probability and random process theory, electromagnetic theory, nonlinear theory, special functions, and asymptotic methods. 

Dr. Rice's work has had an extended influence through the younger research workers to whom he has taught his methods. He and his wife, 
Inez, have one son, two married daughters and six grandchildren. (Editor's Note: Dr. Rice passed away on 18 November 1986.) 

Dr. Rice won the 1983 IEEE Alexander Graham Bell Medal "For his contributions to the fundamental understanding of communications 

IEEE - Stephen O. Rice, 1907 - 1986
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systems and to the underlying mathematics, and for inspiring younger scientists and engineers. " 

From the 1983 IEEE Annual Awards Presentation Brochure 
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William Sealy Gosset, 1876-
1937

William Sealy Gosset (June 13, 1876 – October 16, 1937) was an English chemist and statistician, best 
known by his pen name Student and for his work on Student's t-distribution.

Born in Canterbury, England to Agnes Sealy Vidal and Colonel Frederic Gosset, Gosset attended 
Winchester College, the famous private school, before reading chemistry and mathematics at New 
College, Oxford. On graduating in 1899, he joined the Dublin brewery of Arthur Guinness & Son.

Guinness was a progressive agro-chemical business and Gosset would apply his statistical knowledge 
both in the brewery and on the farm—to the selection of the best yielding varieties of barley. Gosset 
acquired that knowledge by study, trial and error and by spending two terms in 1906/7 in the biometric 
laboratory of Karl Pearson. Gosset and Pearson had a good relationship and Pearson helped Gosset with 
the mathematics of his papers. Pearson helped with the 1908 papers but he had little appreciation of their 
importance. The papers addressed the brewer's concern with small samples, while the biometrician 
typically had hundreds of observations and saw no urgency in developing small-sample methods.

William Sealy Gosset - Wikipedia, the free encyclopedia

file:///C|/Istoric-Statistica/William Sealy Gosset - Wikipedia, the free encyclopedia.htm (1 of 5)5/1/2007 6:35:03 PM

Your continued donations keep Wikipedia 

running! 

http://en.wikipedia.org/w/index.php?title=William_Sealey_Gosset&redirect=no
http://en.wikipedia.org/wiki/William_Sealey_Gosset#column-one
http://en.wikipedia.org/wiki/William_Sealey_Gosset#searchInput
http://en.wikipedia.org/wiki/Image:William_Sealy_Gosset.jpg
http://en.wikipedia.org/wiki/Image:William_Sealy_Gosset.jpg
http://en.wikipedia.org/wiki/June_13
http://en.wikipedia.org/wiki/1876
http://en.wikipedia.org/wiki/October_16
http://en.wikipedia.org/wiki/1937
http://en.wikipedia.org/wiki/England
http://en.wikipedia.org/wiki/Chemist
http://en.wikipedia.org/wiki/Statistician
http://en.wikipedia.org/wiki/Student's_t-distribution
http://en.wikipedia.org/wiki/Canterbury
http://en.wikipedia.org/wiki/England
http://en.wikipedia.org/wiki/Winchester_College
http://en.wikipedia.org/wiki/Chemistry
http://en.wikipedia.org/wiki/Mathematics
http://en.wikipedia.org/wiki/New_College,_Oxford
http://en.wikipedia.org/wiki/New_College,_Oxford
http://en.wikipedia.org/wiki/1899
http://en.wikipedia.org/wiki/Dublin
http://en.wikipedia.org/wiki/Guinness
http://en.wikipedia.org/wiki/Guinness
http://en.wikipedia.org/wiki/Barley
http://en.wikipedia.org/wiki/Karl_Pearson
http://wikimediafoundation.org/wiki/Fundraising


William Sealy Gosset - Wikipedia, the free encyclopedia

Another researcher at Guinness had previously published a paper containing trade secrets of the 
Guinness brewery. To prevent further disclosure of confidential information, Guinness prohibited its 
employees from publishing any papers regardless of the contained information. This meant that Gosset 
was unable to publish his works under his own name. He therefore used the pseudonym Student for his 
publications to avoid their detection by his employer. Thus his most famous achievement is now referred 
to as the Student t-distribution, which might otherwise have been the Gosset t-distribution.

Gosset had almost all of his papers including The probable error of a mean published in Pearson's 
journal Biometrika using the pseudonym Student. However, it was R. A. Fisher who appreciated the 
importance of Gosset's small-sample work, after Gosset had written to him to say I am sending you a 
copy of Student's Tables as you are the only man that's ever likely to use them!. Fisher believed that 
Gosset had effected a “logical revolution”. Ironically the t-statistic for which Gosset is famous was 
actually Fisher's creation. Gosset's statistic was z = t/√(n - 1). Fisher introduced the t-form because it 
fitted in with his theory of degrees of freedom. Fisher was also responsible for the applications of the t-
distribution to regression.

Although introduced by others, Studentized residuals are named in Student's honor because, like the 
problem that led to Student's t-distribution, the idea of adjusting for estimated standard deviations is 
central to that concept.

Gosset's interest in barley cultivation led him to speculate that design of experiments should aim, not 
only at improving the average yield, but also at breeding varieties whose yield was insensitive (robust) 
to variation in soil and climate. This principle only occurs in the later thought of Fisher and then in the 
work of Genichi Taguchi in the 1950s.

In 1935, he left Dublin to take up the position of Head Brewer, in charge of the scientific side of 

production, at a new Guinness brewery in London. He died in Beaconsfield, England of a heart attack[1].

Gosset was a friend of both Pearson and Fisher, an achievement, for each had a massive ego and a 
loathing for the other. Gosset was a modest man who cut short an admirer with the comment that “Fisher 
would have discovered it all anyway.”

[edit] Bibliography

●     The application of the law of error to the work of the Brewery (1904, nota interna presso 
Guinness) 

●     (February 1907) "On the error of counting with hæmacytometer". Biometrika 5 (3): 351–360.  
●     (March 1908) "The probable error of a mean". Biometrika 6 (1): 1–25.  
●     (September 1908) "Probable error of a correlation coefficient". Biometrika 6 (2/3): 302–310.  
●     (July–October 1909) "The distribution of the means of samples which are not drawn at random". 
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Norbert Wiener

Norbert Wiener (November 26, 1894 Columbia, 

Missouri – March 18, 1964 Stockholm Sweden) was an 

American theoretical and applied mathematician. He was 

a pioneer in the study of stochastic and noise processes, 

contributing work relevant to electronic engineering, 

electronic communication and control systems. Wiener is 

perhaps best known as the founder of cybernetics, a field that formalizes the notion of feedback and has 

implications for engineering, systems control, computer science, biology, philosophy, and the 

organization of society.
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Biography

Norbert Wiener was the first child of Leo Wiener, a Polish-Jewish immigrant, and Bertha Kahn, of 

German-Jewish descent. Employing high pressure methods of his own invention, Leo educated Norbert 
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at home until 1903, except for a brief interlude when Norbert was 7 years of age. Thanks to his father's 

tutelage and his own abilities, Wiener became a child prodigy. The first volume of Wiener's 

autobiography dwells on this period in considerable detail. Although Leo earned his living teaching 

German and Slavic languages, he read widely and accumulated a personal library from which the young 

Norbert benefited much. Leo also had ample ability in mathematics, and tutored his son in the subject 

until he left home.

After graduating from Ayer High School in 1906 at 11 years of age, Wiener entered Tufts College. He 

was awarded a BA in mathematics in 1909 at the age of 14, whereupon he began graduate studies in 

zoology at Harvard. In 1910 he transferred to Cornell to study philosophy. The next year he returned to 

Harvard, while still continuing his philosophical studies.

Back at Harvard, Wiener came under the influence of Edward Vermilye Huntington, whose 

mathematical interests ranged from axiomatic foundations to problems posed by engineering. Harvard 

awarded Wiener a Ph.D. in 1912, when he was a mere 18, for a dissertation on mathematical logic, 

supervised by Karl Schmidt, whose essential results were published as Wiener (1914). In that 

dissertation, he was the first to see that the ordered pair can be defined in terms of elementary set theory. 

Hence relations can be wholly grounded in set theory, so that the theory of relations does not require any 

axioms or primitive notions distinct from those of set theory. In 1921, Kuratowski proposed a 

simplification of Wiener's definition of the ordered pair, and that simplification has been in common use 

ever since.

In 1914, Wiener travelled to Europe, to study under Bertrand Russell and G. H. Hardy at Cambridge 

University, and under David Hilbert and Edmund Landau at the University of Göttingen. In 1915-16, he 

taught philosophy at Harvard, then worked for General Electric and wrote for the Encyclopedia 

Americana. When World War I broke out, Oswald Veblen invited him to work on ballistics at the 

Aberdeen Proving Ground in Maryland. Thus Wiener the eventual pacifist wore a uniform 1917-18. 

Living and working with other mathematicians strengthened and deepened his interest in mathematics.

After the war, Wiener was unable to secure a position at Harvard because he was Jewish (despite his 

father being the first tenured Jew at Harvard), and was rejected for a position at the University of 
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Melbourne. At W. F. Osgood's invitation, Wiener became an instructor in mathematics at MIT, where he 

spent the remainder of his career, rising to Professor.

In 1926, Wiener returned to Europe as a Guggenheim scholar. He spent most of his time at Göttingen 

and with Hardy at Cambridge, working on Brownian motion, the Fourier integral, Dirichlet's problem, 

harmonic analysis, and the Tauberian theorems.

In 1926, Wiener's his parents arranged his marriage to a German immigrant, Margaret Engemann, who 

was not Jewish; they had two daughters.

During World War II, his work on the automatic aiming and firing of anti-aircraft guns led Wiener to 

communication theory and eventually to formulate cybernetics. After the war, his prominence helped 

MIT to recruit what was perhaps the world's first research team in cognitive science, made up of some of 

the brightest researchers in neuropsychology and the mathematics and biophysics of the nervous system, 

including Warren Sturgis McCulloch and Walter Pitts. These men went on to make pioneering 

contributions to computer science and artificial intelligence. Shortly after this painstakingly assembled 

research group was formed, Wiener suddenly and inexplicably broke off all contact with its members. 

Speculation still flourishes as to why this split occurred; were the reasons professional, was his 

hypersensitive personality to blame, or did the split result from intrigues by his spouse Margaret? 

Whatever the reason, the split led to the premature end of one of the most promising scientific research 

teams of the era.

Nevertheless, Wiener went on to break new ground in cybernetics, robotics, computer control, and 

automation. He freely shared his theories and findings, and generously credited the contributions of 

others. This stance resulted in his being well-disposed towards Soviet researchers and their findings, 

which placed him under regrettable suspicion during the Cold War. He was a strong advocate of 

automation to improve the standard of living, and to overcome economic underdevelopment. His ideas 

became influential in India, whose government he advised during the 1950s.

Wiener declined an invitation to join the Manhattan Project, and was arguably the most distinguished 

scientist to do so. After the war, he became increasingly concerned with what he saw as political 
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interference in scientific research, and the militarization of science. His article "A Scientist Rebels" in 

the January 1947 issue of The Atlantic Monthly urged scientists to consider the ethical implications of 

their work. After the war, he refused to accept any government funding or to work on military projects. 

The way Wiener's stance towards nuclear weapons and the Cold War contrasted with that of John von 

Neumann is the central theme of Heims (1980).

Anecdotes

At MIT, Wiener was notorious for his poor lecturing style, his jokes, and his absent-mindedness. He was 

known to be hypersensitive to criticism, and subject to fits of depression. He also became the butt of 

many comical anecdotes, a few of which follow:

1.  Wiener was quite short; five foot even, in fact. He was also given to the kind of absent-
mindedness for which academics are known. MIT corridors have, or at least used to have, 
wainscoting, that is, a strip of wood with a molded groove in it running along a wall about three 
and a half feet off the ground. The nominal purpose of this is to prevent chair backs from 
scratching the paint on walls and to provide a boundary between the darker shade which the 
lower part of walls are usually painted and the lighter shade above. It was Wiener's custom to 
stick his finger in this groove, close his eyes, lower his head in thought and walk down a corridor, 
guided by the wainscoting. Professors were told to close their classroom doors or Wiener would 
be apt to follow the corridor wainscoting to the door jamb of the classroom and pick up the trail 
of the wainscoting on the inside of the classroom, following it around the room until it led him 
back to the corridor. 

2.  During one of these trips down the hallway, Wiener was interrupted by several of his students 
who talked to him for several minutes about what they were working on. After the conversation 
had ended, Wiener asked one of them "Could you please tell me, in which direction was I 
travelling when you stopped me?" One of them replied, somewhat confusedly, "You were 
coming from over there [gesturing] this way [gesturing]." Wiener replied, "Ah, then it is likely 
that I have already had lunch. Thank you." and continued down the hallway to his office. [A very 
similar anecdote has been attributed to Albert Einstein.] 

3.  Being at a total loss, and having exhausted all other sources of resolution, a young graduate 
student came to Full Professor Doctor Norbert Wiener's office one day with a seemingly 
intractable differential equation, No. 27 from a textbook. The student asked Wiener if he could 
help him with it. Wiener looked at the equation for a moment, sat back in his chair, and tilted his 
head to point it at the ceiling. He silently stayed that way for perhaps twenty or thirty seconds. He 
then leaned forward and wrote down the longish solution on a legal pad, and looked at the student 
expectantly. After an awkward moment the student said "Dr. Wiener, I'm sorry, but I still can't 
see how you've derived this." Wiener looked confused for a moment, and then relaxed. He looked 
at the equation for a moment, sat back in his chair, and tilted his head to point it at the ceiling. He 
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silently stayed that way for perhaps forty or fifty seconds. He then leaned forward and wrote 
down the longish solution on a legal pad, and looked at the student expectantly. After an even 
more awkward moment, the student said "Dr. Wiener, I'm very sorry, but I still don't see it." 
Wiener replied in as annoyed a voice as he ever expressed, "What do you want? I've just done it 
two different ways!" (A similar incident, with the solution as ex, is attributed to John Von 
Neumann) 

4.  After several years teaching at MIT, the Wieners moved to a larger house. Knowing her husband 
was likely to forget where he now lived, Mrs. Wiener wrote down the address of the new house 
on a piece of paper and made him put it in his shirt pocket. At lunchtime, an inspiring idea came 
to the professor, who proceeded to pull out the paper and scribble down calculations, and to 
subsequently proceed to find a flaw and throw the paper away in disgust. At the end of the day, it 
occurred to Wiener that he had thrown away his address. He now had no idea where his home 
was. Putting his mind to work, he concocted a plan: go to his old home and wait to be rescued. 
Surely Margaret would realize he was lost and come to pick him up. When he arrived at the 
house, there was a little girl standing out front. "Excuse me, little girl," he asked, "would you 
happen to know where the people who used to live here moved to?" "It's okay, Daddy," the girl 
replied, "Mommy sent me to get you." (Decades later, Norbert Wiener's daughter was tracked 
down by a mathematics newsletter. She said the story was essentially correct, except that Wiener 
had not forgotten who she was.) 

5.  In 1945, in the closing stages of the Pacific campaign of World War II, Norbert Wiener was hard 
at work in perfecting the antiaircraft gun's fire control system used in the Pacific theater. 

1.  At that time, computers were analog, using gears, cams, and motors. The chain of events 
for shooting at enemy aircraft includes: (a) detection and location of enemy aircraft by 
radar, (b) from the measured speed and direction, estimate the future aircraft location, (c) 
feed that direction and elevation data to the guns, and most important (d) set the altitude at 
which the shell is to explode. Field performance data were constantly fed back to Dr. 
Wiener and he in turn kept refining his equations to be sent to all American ships. 

2.  Japan, in the meantime, was perfecting their Kamikaze tactics. They replaced single plane 
attacks, which were vulnerable to antiaircraft guns, by coordinated mass attacks, insuring 
that at least one or more planes would get past the defenses. 

3.  A few days before Japan surrendered, one American destroyer happened to be the target 
of such a mass Kamikaze attack consisting about two dozen suicide bombers. All hands 
on the American ship performed flawlessly and, having just received Dr. Wiener's latest 
equations, managed to shoot down every one of the attacking Japanese planes. Noting that 
if just one enemy plane got through, all hands could be lost, they could not help but to 
worship Dr. Wiener. After the war, the entire crew paid a visit to him in grateful tribute. 

Awards and honors

●     Wiener won the Bôcher Prize in 1933 and the National Medal of Science in 1964, shortly before 
his death. 
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●     The Norbert Wiener Prize in Applied Mathematics was endowed in 1967 in honor of Norbert 
Wiener by MIT's mathematics department and is provided jointly by the American Mathematical 
Society and Society for Industrial and Applied Mathematics. 

●     The Norbert Wiener Award for Social and Professional Responsibility awarded annually by 
CPSR, was established in 1987 in honor of Norbert Wiener to recognize contributions by 
computer professionals to socially responsible use of computers. 

●     The Wiener crater on the far side of the Moon was named for him. 
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Aleksandr Ya. Khinchin

Aleksandr Yakovlevich Khinchin (Russian 

Александр Яковлевич Хинчин) 

(July 19, 1894 – November 18, 1959) was a Russian 

mathematician and one of the most significant people in the Soviet 

school of probability theory. He was born in the village of 

Kondrovo, Kaluga Governorate, Russia. While studying at 

Moscow State University, he became one of the first followers of 

the famous Luzin school. Khinchin graduated from the university 

in 1916 and six years later he became a full professor there, 

retaining that position until his death.

Khinchin's early works focused on real analysis. Later he applied methods from the metric theory of 

functions to problems in probability theory and number theory. He became one of the founders of 

modern probability theory, discovering the law of the iterated logarithm in 1924, achieving important 

results in the field of limit theorems, giving a definition of a stationary process and laying a foundation 

for the theory of such processes. Khinchin made significant contributions to the metric theory of 

Diophantine approximations and established an important result for simple real continued fractions, 

discovering the property now known as Khinchin's constant. He also published several important works 

on statistical physics, where he used the methods of probability theory, and on information theory, 

queuing theory and mathematical analysis.

In 1939 Khinchin was elected as a Correspondent Member of the Academy of Sciences of the USSR. He 

was awarded the USSR State Prize (1941), the Order of Lenin, three other orders, and medals.

He died in Moscow, USSR.
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Vladimir Aleksandrovich Kotelnikov (Russian Владимир 

Александрович Котельников, scientific 

transliteration Vladimir Alexandrovi• Kotelnikov, September 6, 1908 in 

Kazan – February 11, 2005 in Moscow) was an information theory pioneer 

from the Soviet Union. He was elected a member of the Russian Academy of 

Science, in the Department of Technical Science (radio technology) in 1953.

1926-31 study of radio telecommunications at the Moscow Power 

Engineering Institute, dissertation in engineering science.

1931-41 worked at the MEI as engineer, scientific assistant, laboratory director and lecturer.

1941-44 worked as developer in the telecommunication industry.

1944-80 full professor at the MEI.

1953-87 alternate director and since 1954 director of the institute for radio technology and electronics at 

the Russian Academy of Science (IRE / RAS).

1970-88 vice-president of the RAS; since 1988 adviser of the presidium.

He is mostly known for having independently of others (e.g. Edmund Whittaker, Harry Nyquist, Claude 

Shannon) discovered the sampling theorem in 1933. This result of Fourier Analysis was known in 

harmonic analysis since the end of the 19th century and circulated in the 1920ies-1930ies in the 

engineering community. He was the first to write down a precise statement of this theorem in relation to 

signal transmission. He also was a pioneer in the use of signal theory in modulation and communications.
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He is also a creator of the theory of potential noise-immunity. He obtained several scientific prizes for 

his work in radio astronomy and signal theory. In 1961, he oversaw one of the first efforts to probe the 

planet Venus with radar.
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"Random Signals and Noise" Java Applet

Module 7: Autocorrelation Function Estimation 

 

Explanation:  
Let x(n) be a linear random process generated by passing a zero-mean, i.i.d., unit variance process w(n) through a linear filter with 
impulse response h(n). The autocorrelation function of x(n) is defined as r(k)=E[x(n) x(n+k)] and is related to the system impulse 
response through r(k)=sum_n h(n) h(n+k). If x(n) is real and stationary, then r(k)=r(-k). 

Given N samples of x(n), we estimate r(k) by averaging the product x(n) x(n+k) over all available n's at lag k. The total number of 
such terms is N-|k|. The unbiased estimate is then the running sum of x(n) x(n+k) divided by N-|k|, whereas for the biased estimate, 
the divisor is N. 

Because there are fewer number of terms to average at larger lags, the r(k) estimate is less reliable at larger |k|. To compensate for 
this, we taper the r(k) estimate by multiplying the sample r(k) with a window function w(k) which is symmetric and monotonically 
non-increasing with |k|. 
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To use this applet, first select the poles and zeros of the system. Once the system is defined, theoretical autocorrelation function can 
be calculated as shown in the lower left panel of the applet. Next, choose the probability distribution function (pdf) for the driving 
noise w(n), as well as the data length N. A realization of w(n) is then plotted in the top right panel. Without windowing and 
especially with the unbiased option, the sample autocorrelation function is inaccurate at larger lags. Toggle between the biased and 
unbiased options, we see that the difference between the two is more noticeable at larger values of |k|. Use a tapering windows and 
adjust its parameter L to improve the autocorrelation function estimate. If we know a priori that the system impulse response has 
no more than L points, or the memory of the process is no more than L, then a length L window should be used. 

Observe the following: 

●     The theoretical autocorrelation function does not depend on the pdf of the driving noise. 
●     At a fixed lag, the longer the data length, the more accurate the sample autocorrelation estimate. 
●     Windowing improves the autocorrelation function estimate. 

Example: the system shown above has 2 poles and 2 zeros. A length 512 sample realization of x(n) is shown in the top right panel. 
The true autocorrelation function for lags between -20 and 20 are shown in the lower left panel. To its right, is the autocorrelation 
function estimate calculated using a Hanning window. 

Experiment it yourself!  
Click here to run the experiment using your browser. 

Instruction: To change a parameter from its default value, slide the bar beneath the parameter window or enter a specific number 
and then hit the return key. Hitting the return key from any of the parameter windows initiates another Monte Carlo run. 
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Module 8: Correlogram Approach to Power Spectrum Estimation 

 

Explanation:  
Let x(n) be a linear random process generated by passing a zero-mean, i.i.d., unit variance process w(n) through a linear filter with 
impulse response h(n). The autocorrelation function of x(n) is defined as r(k)=E[x(n) x(n+k)], and the power spectral density (PSD) 
S(w) of x(n) is defined as the Fourier Transform of r(k). The above PSD definition suggests that we can estimate S(w) by first 
obtaining the autocorrelation function estimate and then Fourier transforming it. This is called the correlogram approach to PSD 
estimation. 

We have seen that without proper windowing, the sample autocorrelation function becomes less reliable at larger lags. If we simply 
Fourier transform this raw autocorrelation function estimate, the resulting PSD estimate will not be good. To obtain a meaningful 
correlogram, we must window the autocorrelation function estimate first before taking the Fourier transform. 

To use this applet, first select the poles and zeros of the system. Once the system is defined, theoretical PSD can be calculated. The 
user can pick a data length N and choose from a variety of probability density functions for the driving noise. A sample realization x
(n) is then generated and plotted in the top right window. A raw correlogram obtained by Fourier transforming the unwindowed 
autocorrelation function estimate, is shown in the lower left window. To obtain a more accurate correlogram, one can select the 
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window parameter L to be much smaller than the data length N. Different types of windows can be used. The resulting correlogram 
(blue) and the true PSD (red) are shown together in the bottom right window for comparison. 

Observe the following: 

●     The theoretical PSD is only affected by the system pole/zero locations and not by the pdf of the driving noise. 
●     The correlogram approximates the true PSD better when a longer data record is used. 
●     Windowing produces a less erratic (smoother looking) correlogram. 

Example: the system shown above has 2 poles that are fairly close to the unit circle with angles of approximately -0.5*pi, 0.5*pi 
radians. We see from the bottom left panel that although the raw correlogram shows two peaks around w=-0.5*pi, 0.5*pi, it is quite 
erratic looking. When a Hamming window with L=64 is applied, the resulting correlogram tends to the true PSD. 

Experiment it yourself!  
Click here to run the experiment using your browser. 

Instruction: To change a parameter from its default value, slide the bar beneath the parameter window or enter a specific number 
and then hit the return key. Hitting the return key from any of the parameter windows initiates another Monte Carlo run. 
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Module 9: Properties of the Periodogram 

 

Explanation:  
Let x(n) be a zero-mean, stationary random process and denote by X(w) its discrete Fourier transform (DFT). The periodogram of x
(n) is defined as I(w)=|X(w)|^2 /N, where N is the data length. It is known that the periodogram is an asymptotically unbiased but 
inconsistent estimator for the power spectral density (PSD) S(w). This means that as N goes to infinity, the expected value of I(w) 
goes to S(w), but the variance of I(w) will not reduce. Interestingly, it can be shown that the standard deviation (std) of I(w) is 
approximately S(w) except at the zero frequency: the std of I(0) is approximately sqrt(2)*S(0). The purpose of this applet is to 
illustrate these properties. 

We focus our attention on linear and stationary random processes here. To use this applet, first select the poles and zeros of the 
system. Once the system is determined, theoretical PSD can be calculated. The periodogram from a sample realization is plotted in 
the top left window. It has an erratic appearance owing to the fact that the periodogram is an inconsistent estimate of the PSD. The 
applet then generates 200 independent realizations of x(n), computes the periodograms, and then averages all periodograms to 
obtain the empirical mean as shown in the top right window (blue). The true PSD (red) is displayed in the same window for 
comparison. Their difference - the empirical bias is shown in the bottom left window whereas the empirical std is plotted in the 
bottom right window. By adjusting the data length N, one can observe that the bias in the periodogram decreases with N but the std 
stays about the same. Moreover, the std of the periodograms resembles the true PSD except at w=0 where the two differ by about 
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40%. 

 

Experiment it yourself!  
Click here to run the experiment using your browser. 

Instruction: To change a parameter from its default value, slide the bar beneath the parameter window or enter a specific number 
and then hit the return key. Hitting the return key from any of the parameter windows initiates another Monte Carlo run. 

Warning: This applet runs relatively slowly because 200 independent realizations are used. 
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