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Lunar features Crater Poisson

Paris strset names Rue Denis Polsson (17th Amrondissement)
Commemorated.on she Eiffcl Towst

Originally forced to study medicine, Siméca Poisson began to study mathematics in 1798 at the
Ecole Polytechnique. His teachers Laplace and Lagrangs were to become (friends for life. A
memoir on finite differences, written when Poisson was 18, attracted the attention of Legendis.

Poisson taught at Ecole Polytechnique from 1802 until 1808 when he became an astronomer at
Burenu des Longitudes. In 1809 he was appointed to the chair of pure mathematics in the newly -
opened Faculié des Sciences.

His most importani works were a serics of papers on definite integrals and his advances in Fourier
series. This work was the foundation of laler work in this arca by Ririchlel and Riemenn.

In Recherchés sur fa probabifité des jugements..., an importan! work on probability published in
1837, the Poisson distribution first appeared. The Poisson distribution describes the probability
that & random event will occur in a time of space interval under the conditions that the probability
of the event occurning ts very small, but the number of trials is very lnrge so thal the even!
actually occurs a few times.

works PP to electricity and
published in 1811 and again in 1833 was the

He published t 300 and 400 math
magnetism, and astronomy. His Fraitd de mécanique
standard work on mechanics for many years.

His nome is attached 1o 0 wide area of ideas, for example:- Poisson's integral, Poisson’s equation
in potential Iheory, Poisson brackels in differcatial equations, Poisson's ratio in clasticity, and
Poisson's constant in clectricity.

&

Siméon Denis Poisson

Born: 21 Juae 1781 in Pithiviers, France
Died: 25 April 1840 in Sceaux (near Paris), France

A quotation by Paisson

b

Life is good for only two things, di 3
Mathematics Magazine, v. 64, no. |, Feb. 1993,

and

Libn said of him:

His only pussiun has been science: he lived und 15 Jeud for it
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Johann Carl Friedrich Gauss

In 1795 Gauss leR B ick to study at Goitt University. Gauss's leacher there was
Kaestner, whom Gauss olten ridiculed. His only known friend amongst the students was Earkas
Bolyai. They met in 1799 and corresponded with each other for many years.

Born: 30 April 1777 in Brunswick. Duchy of Brunswick {now Gernsaay)
Died: 23 Feb 1855 in Glttingen, llanover (now Germany)

Gauss returned to Brunswick where he received a degree in 1799, After the Duke of Brunswick
had agreed to continue Gauss's stipend, he requested that Gauss submit a doctoral dissertation to
the University of Helmstedt. He already knew Pfaff, who was chosen to be his advisor. Gouss's
di ion was a di ion af the find: 11k of algcbm.

With hisl stipend 1o support him, Gauss did not need to find a job so devoted himself to research,
He published the book Disg Arith in the summer of 1801. There were seven
sections, all bui the last section, referred to above, being devoted to rumber theory.

Gauss's work never seemed to suffer from his personal tragedy. He published his second book,
Thearia motus corporum coelestium in sectionibus conicis Sulem ambienttum, in 1809, o major
two volume treatise on the motion of celestiz! bodies. In the first volume he discussed difTerentiul
equativns, conte sections and clliplic orbits, while in the second volume, the main part of the
work, he showed how to estimate and then to refine the estimation of o plancl's orbit. Gauss's
contril to th ical y slopped after 1817, although he went on making
observations until the age of 70.

Much of Gouss's time was spent on a new observatory, compieted in 1816, but he still found the
time to work on other subjects. His publications during this lime include Disquisittones generales

circa sertem infinitum, a rigorous trestment of series and an imroduction of the hypery 1
Tunction, Methudus nove mtegralivm valores per appi 1, a practical essay
on approxi intcgration, B R er G keut der Beabuc adi of
§ ! esti and Theoria curporum sph /i o eHlif wn
homugenevrum methodus nova iractata, The latter work was inspired by geodesic problems ond
was pri 11} d with ¢ 1 iheon. In facy, Gauss found himself more and more

interested in geodesy in the 1820's.

At the agr of seven, Carl Fricdrich Gauss siaried clementary school, and his potential was

noticed almost immediately. His teacher, Buttner, and his assistant, Martin Bartels, werc amazed From the carly 1800's Gauss had on interest in the g of the possible exi of a nun-

when Gauss summed the intcgers from § to 100 instantly by spotting that the sum was 50 pairs of Euclidenn geometry. He discussed this topic at lenyth with Farkas Bolyai and 1n his

numbers each psir summing to 101 correspondence with Gerling and Schumacher. In a book review in 1816 he discussed proofls
which deduced the axiom of parallels from the other Euclidean axioms, suggesting that he

In 1788 Gauss began his education at the Gy manstum with the help of Batiner and Bartcls, where belicved in the of Suclidean g v, although he was rather vague. Gauss

he learm High German and Latin, ARer recciving a stipend from the Duke of Brunswick- confided in Schumacher, telling him that he believed his reputation would suffer if he admitied in

Wolfenbattel, Gauss entered B ick Coflegium Caroli in 1792, At the academy Gauss public that he believed in the exil of suchag Y.

independently discovered Bode’s law, the binmnial theorem and the arithmetic- geomeltic mean,
as well as the law of quadratic seciprouity and the prime aumber theorem.



In 1832, Gauss ond Webgt begen investigating the (hwry of i ism ofier Al
von Humboldt attempted to obirin Gauss's assistance in making & gnd of mugncuc observation %
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Q “w\;(ﬂk\m “Xu'\e JA\I UK. bhwem w megaelism ...
points eround the Exrth. Gauss was excited by this prospect and by 1840 he had written three

= masgnebic unduchisn
imaportant papers on the subjecl: intensitas vis magneticae terrestris ad mensuram absohuam
revocata {1832), Allgemeine Theorie des Erdmagnetismus (1839) and Allgemetne Lehrxdtze in r~ . \ d -
Be:lehmlg auf die im verlztlmcn Verhditnisse des Quadrats der Entfernung wirkenden £ Moga He f MX cARns ¢
krafie (1840). These papers all dealt with the current Lheries on ﬂ
i m: ideas, absolutc measure for magnetic force and an

| defrnition of i Dirichlet's principle was mentioned mlhwt proof.
P “U'e ve CM'\O’t lSQ\a*L o M&'\d\‘ p"Q
ol o gurfoee .
! Gauss and Weber achieved much in their six years together. They discovered Kirchhiof’s laws, as al r\orw— SO“‘&L\ \Q“'J Ay
well es building a primitive telegraph device which could send messeges over a distance of 5000 1\‘ GRWG&S gcud” 3
il Hmver thu wu;mtan cn;oynbtc pasilme for Gauss. He was more interested in the task of

ide net of magnetic observation points. This occupation produced many
rcsuhs. The & her Verein and its journal were founded, and the atlas of
geomagretism was publuhcd while Gauss and Weber's own journal in which their resulls were
published rzn from 1836 1o 1B41.

* No soures of funks *WGM’;“L fh\xo.ktma pom&‘

S
Gauss spent the years fmrn 184S to 1851 updalmg the Gottingen University widow’s fund. This £> 3 6(}»\)& .\»‘\h [N -Y\‘I'E‘U»Q. S = ‘E -'S'h‘\x o~.~\' cj'

work gave him p in fi | matters, and he went on to make his fortune
through shrewd investments in bonds issucd by private companies.

From 1850 onwards Gauss's work was again of nearly 21l of a practical nature although he did v J‘ ‘ku AN%&\J § S
approve Riemann's doctoral thesis and heard his probationary lecture. His last known scxeuulf ic x\d; &Aw'qu“e‘d\v
exchange was with Gerling. He discussed a modified Foucalt pendulum in 1854, He was 2lso able s
to attend the opening of the new rilway link b Hanover and Gorti but this proved to \I
be his last oulmg Hls health deteriorated slowly, and Gauss died in his slcep early in the morming
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) Divergence theorem (Gauss' theorem)

Closed surface S enclosing a region Vin
a vector field F.

J. dideV=j‘ F.dS
v 3

@mﬁ]{u the net f\v.x ‘H'IVQK S ank relakes this
V.F [ 4he volume &u\'st;) a{'&ou.{uu and sl od-flw).

Py Stokes theorem

An open surface S bounded by a simple
closed curve c, then

T2 das -
J curl F,dS =§ F,dr
3 c

r4

] Y
X

Quesifes e crudaban (tuisefsuid o] vority)
.,3-9.@ Fdd arund curve C and relates s To

(yxf}?: ( v suface &Q;\g’\t) 456\@ cu*wlmm) .

T Ppolcatims gt Sokds-therm

In 1841 Stokes graduated as Senior Wrangler (the top First Class degree) in the Mathematical
Tripos and he was the first Smith's pri Pembioke College i diately gave hima
Fellowship. He wrote [3):-

After taking my degree | continued to reside in College and tock private pupils. |
thought I would try my hand at vriginal research...

It was William Hopkins who edvised Stokes to undertake research into hydsodynamics and
indeed this was the area in which Stokes began to work. In addition to Hopkins' advice, Stokes

was also inspired to enter this ficld by the recent work by George Grean. Stokes published papers
on the motion of incompressible fluids in 1842 and 1843, in particular On the sicady motion of
incompressible fluids in 1842, After completing the h Stokes di d that Duhpmel had
already obtained similar results but, since Dubamel had been working on the distribution of heat
in solids, Stokes decided that his results were obtained in a sufficicntly different situation to
Jjustify him publishing.

Perhiaps the most imporiant event in the recognition of Stokes as a leading mathematician was his
Report on recent researches in hydrodynamics presented 1o the British Association for the
Advancement of Science in 1846, But o study of fluids was cerainly not Lhe only orea in which
he was making major contributicns a1 this time. In 1845 Stokes had published an important work
on the aberration of light, the first of o number of importznt works on this tepic. He also used his
work on the motion of pendulums in fluids to ider the variation of gravity nt different points
on the carth, publishing a work on geodesy of major importance On the variation af gravity af the
surface of the earth in 1849,

1. 3

1o
George Gabriel Stokes

Born: 13 Aug 1819 in Skreen, County Sligo. Ireland
Died: 1 Feb 1903 in Cambridge. Cambridgeshire. England

George Stokes’ father, Gabriel Stokes, was the Protestant minister of the parish of Skreen in
County Sligo. His mother was the daughter of o minister of the church so George Stokes's

pbringing was a very religious one. He was the youngest of six children and every one of his
three older brothers went on 10 become a priest.

In 1835, at the age of 16, George Stokes moved to England and entered Bristol College in Bristol.
The twa years which Stokes spent in Bristo o1 this College were important gnes in preparing him
for his studics ot Cambridge.

Stokes's work on the motion of pendulums in Ruids led to a i | paper on hydrodynami
in 1851 when he published his law of viscasity, describing the velocity of a small sphere through
a viscous fluid. In addition to several imp i ignti ing the wave theory of
light, such as a paper on diffraction in 1849. This paper is discussed in detail in [10) in which the
authors write:-

«the results of Stokes are related 10 the elustic theory of Iight, und supplement and
expand a number of questtons, previously studied for the masi part in the works of A
Cauchy. Stokes's methods for solving diffraction problems, differing ferably
Jrom the methods empioyed by Cavchy, form she bastx of the further siudies of the

! theory of the ph of diffraction.
Stokes named and explained the ph of fl in 1852. Stokes's interpretation of
this phenomenon, which results from absorplion of ultraviolet light and emission of blue light, is
based on an elastic sether which vib asa q of the ill d molecul
Stokes's infl is d up well by Parkinson in [1]:-

... Stokes was a very tmpx 1 fe e nf on subseq g of
Cumbridge men, incliding Maxwell. With Gicen, who in turn had mfluenced him,
Stokes followed the work of the French, especiafiy Lagrenge, Laplace, Fourier,
Boisson and Cauchy. This is seen most cleariy m his theoretical studies n optics and
hydrodvnamics; but it should also be noted that Stokes, even as an undergroduate,
experi / Iv. Yet his and i igesti led bevond
physics, for fus knowledge of chemusiry und botany was extensive, and ofivn his work
in optics drew Ium into those ficlds.
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Space coordinate systems LREFGRE N CE m ﬁTE\« ‘9

1. Cartesian coordinaies (x, y, z}—referred 1o three coordipate axes
OX, OY, OZ at right angles to each other, These are arranged in a
right-handed manner, ie. turning from OX to OY gives a right-
handed screw action in the positive direction of OZ.

z P
Xy 2x — plane
v=0)

xy = plane
X z=0)

yZ — plane
x=0)

2y

2. Cylindrical coordinates {r, 0, z) are uscful where an axis of symmetry
occurs.

x=rcosb; rn\/F+y’
y=rsin8, 0= arctan (y/x)
2=z z=z

Any point P is considered as having a
position on a cylinder. If L is the
projection of P on the xy-plane, then
{r, 6) are the usual polar coordinates of
L. The cylindrical coordinates of P
then merely require the addition of the
z-coordinate.

3. Spherical coordinates (r, 8, ¢) arc apyropnale where a ceatre of
symmetry occurs. The position of a point is considered as being a
point on a sphere,

ra ST AR
P = arccos (z/r)
¢ = arctan (y/x)

(l&_ e 3w )

r is the distance of P from the origin
and is always taken as positive.

x = rsinfcos ¢
y=rsin8sin¢
“X=rcosd

L is the projection of P on‘ the xy-plane;
8 is the angle between OP acd the positive OZ axis;
¢ is the angle between OL and the OX axis.
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Element of volume in Spuce in the three coordinate systems

1. Cartesian coordinates

p——

Z|
e
r | 12 ‘We have already used this many times.
/ o : Y Sv = 5x8yd:
y /_Eh
A

2. Cylindrical coordinates

Fe rd0
2

bt = réfdré:
- . St = rérdfd:

rsing S0

év = Srrdfrsin@dg
S 6v = rlsin08ré0sg

@

SUMMARY - DIFFERENTIAL OPERATORS IN OTHER
ORTHOGONAL CURVILINEAR COORDINATE SYSTEMS

Below we list the vector lll"l!m"(iul vperators in cylindrical and spherical coordinates.
For rele . the corresy ions in Cartesian coordinales are also given.
[ and A are mbal.rar) dxlfercnuahh- scalar and vector felds vespculvrlv

o Cartesian coordi {.5.3)
e, =i, e, =i, e = k
A=A i+ 4+ A3k
[
lgrnd /) = %
[}
twad /) = 3
(grad f)y = Q
divA = %4-60:‘*.%
[curlA), = % - 8—4_’
a4, 94
(cwlA)y = n—:‘ - 00—,{
' == _ =t
(ewrlA)y = Iz o
y #Rf L 0y  PY
Vo= GataEt e
» urlitutrical polar coordinates (r.8, 5)
z = esf, ¥ = rsing, ;=
e, = cosfi + sindj, e = —sinfi + cosfj, e, = k

A= doe + Apey + A e

[74
el f). = =2
Vaf
(grad e = 759
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