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@ Pierre-Simon Laplace

Born: 23 March 1749 in Beavmunt-en-Auge. Normandy, France
Died: § March 1827 in Paris, France

Laplaca sitended a Benedicting priory schoo! in Beaumont-en-Auge, as o day pupil, between the
ages of 7 and 16. His father expected him to make o career in the Church and indeed cither the
Chusch or the army were the usual destinations of pupils a1 the priory school. At the sge of 16
Laplace entered Caen University. As he was still intending to enter the Church, he ensolled to
study theology. However, during his two years at the University of Caca, Laplsce discovered his
mathematica! talems and his love of the subject. Credit for this must go largely to two teachers of
mathematics at Caen, C Gadbled and P Le Canu of whom little is known except that they realised
Laplace's great mathematical potential.

Once he knew that mathematics was 10 be his subject, Laplace left Caen without taking his
degree, and went to Paris, He took with kim a letter of introduction to dAlember} from Le Conu,
his teacher at Cacn. Although Laplace was only 19 yeers old when he arrived in Paris he quickly
impressed d Alembert. Not only did diAlemben begin to direct Laplace’s mathematical studies, he
also tried to find him a position to esrn enough money to support himself in Paris. Findinga
position for such a talented young man did not prove hard, and Laplace was soon appointed as
professor of mathematics at the Ecole Militaire. Gillespic writes in [1):-

Imparting geomeiry, irigonomerry. elementary unalysis, and statics 1o adolescent
carlers of goud fannly, uverage attainment, and no commument (o the subjects
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He began producing a sieady siream of remarkable mothematical papers, the [irsi presented to the
Académie des Sciences in Paris on 28 March 1770. This tirst paper, read to the Society but not
published, wes on maxima and minima of curves where he improved on methods given by
Lagrange. His next paper for the Academy followed soon aft ds, and on 18 July 1770 he read
a paper on dilfurence cquations.

Not only had he made major
o dilference and Jit¥ 1 eq but he had ined appli

to mathematical astronomy and to the theory of probability, two major topics which he would
work on throughout his tife. His work on mathematical astronomy before his clection to the
Academy included work on the incli of planetary orbits, a study of how plancts wers
perturbed by their moons, and in a paper read to the Academy on 27 November 1771 he made a
study of the motioas of the planets which would be the first step towards his later masterpicee on
the stability of the solar system.

The 1780s wese the period in which Leplace produced the depth of results which have made him
one of the most imp and influential scientists that the world has scen. It was not achicved,
however, with good with his coll Although g'Alemben had been proud to
have considered Laplace os his protégé, he ceneinly began to fecl that Laplace was rapidly
making much of his own life’s work obsolete and this did nothing to improve relations. Laplace
tried to esse the pain for fAlemben by stressing the im| of fAlembernt's work since he
undoubtedly felt well disposed towards dAlembert for the help and support he had given.

In 1784 Laplacc was appointed as exatniner at the Royal Antillery Corps, and in this rolc in 1785,
he examined and passed the 16 year old Napoleon Bonsparte. In fact this position gave Laplace
much work in writing reports on the cadets that he examined but the rewards were that he became
well known to the ministers of the govemment and others in positions of power in France.
Laplace was made a member of the of the Académic des Sci to dardi
weights and measures in May 1790, This committee worked on the metric system 2nd advocated
a decimal base. In 1793 the Reign of Terror d and the Académie des Scif along
with the other leamed socicties, was suppressed on 8 August. The weights and measures
commission was the only one allowed to continue but soon Laplece, together with Lavaisicr,
Borda, Coulomb, Brisson and Q¢lambre were thrown off the commission since all those on the
committee had to be worthy:»

... by their Republican virtues and hatred of kings.

Before the 1793 Reign of Terror Laplace together with his wife and two children left Paris and
tived S0 km southeast of Paris. He did not return to Paris until after July 1794, Although Laplace
managed to avoid the fate of some of his collcagucs during the Revolution, such as Lavoisier who
was guillotined in May 1794 while Laplace was out of Paris, he did have some difficult times. He
was consulted, together with Legrangs and Latand, over the new calendar for the Revolution.
Laplace knew weil that the proposed scheme did not really work because the length of the
proposed year did not fit with 1he sstronomical data. However he was wisc crough not to try fo
overrule political dogma with scientific facts. He also conformed, perhaps more happily, to the
decisions regarding the metric division of angles into 100 subdivisions.

Expasition du systeme o momde was written as a non-mathematical introduction to Laplace's
most img work Traité du Mécanique Céleste whose first volume appeared three years later.
Laplace had already discovered the invariability of planetary mean motions. In 1786 he had
proved that the eccentricities and inclinations of planctary otbits to ech other always remain
small, consiant, and self-corvecting. These and many other ol his earlier results formed the basis
for his great work the Traité o M Céleste published in § vol the first two in 1799,

2. Vector product (cross product) AxB=(4Bsin )N
N = unit normal vector where A, B, N form a right-handed set.

i j k
AxB= |a, a, a,
b, b, b,

AxB=—(BxA)and Ax(B+C)=AxB+AxC
3. Unit vectors
@@ ii=ji=kk=1
i.j=jk=ki=0
) iximjxj=kxk=0
\ixj‘=‘jxl4=lkxi= 1
4. Scalar triple product A.(BxC)
a, a, a
ABxQ=1|b, b b
cy G G
A.(BxC)=B.{CxA)=C.{AxB)

Unchanged by cyclic change of vectors.
Sign reversed by non-cyclic change of vectors.

S. Coplanar vectors A.(BxC)=0.
" 6. Vector triple product Ax(BxC) and (AxB)xC
Ax(BxC)=(A.C)B—(A.B)C

and (AxB)xC=(C.A)B-(C.B)A.

7. Differentiation of vectors
If A, a,, a,, a, are functions of u,
" dA da,,  da, .  da,
e ¥ DS 3 P S 3
du du i"'rlu‘i du k

8. Unit tangent vector T

Not covered bt

:—A fo(lnu)s the reseit-on
T= -

d_A HO_F}O' when 2

du dimensions are

tontidered .

The tirst volume of the Micumugon C3Hesse 18 divided into two bouks, the first

equilibrium and motion of solids and also fluids, while the second book is on I;: mﬁm‘x&
gravitation and the motions of the cenires of gravity of the bodies in the solar system, The main
mathematical appronch here is the seuting up of difterential exjuations and solving them 1o
describe the resulting motions. The second volume deals with mechasics applied to a study of the
planets. h:n it Laplace included a study of'the shape of the Earth which included a discussion of
data obiained from several diferent expeditions, and Laplace applied his theory of crrors 1o the
results. Arother lopic studicd here by Laplace was the theory of the tides but Aigy, giving his own
results nearly 50 years later, wrote:- i

1t would be 1seless to offer this theary in the same shape in which Lupluce hus given
o; for that part of the Mécenigue Céleste whick contains she theary of tudes i
perhups on the whule more abscure than uny other purt...

In the Aécaniqire Céleste Laplace's cyuation appears but although we now name this equation
sfter Laplace, it was in fact known before the time of Laplace. The Legendre functions also .
appear here and were known for many years as the Laplace cocfficicnts. The Mdécunique Céleste
docs not attribute many of the ideas to the work of others but Laplace was heavily influcnced by
Lagrangs and by Legendry and used methods which they had developed with few references to
the originators of the ideas.

Aler the publication of the fourth valume of the Mécaniqun Céfesie, Laplace continued to apply
his ideas of physics to other problems such as capillary action (1806-07), double refiaction
(1809), the velocity of sound ( 18186), the theory of heat, in particular the shape and rotation of the
cooling Earth (1817-1820), and elastic fluids (1821). However during this period his dominant
position in French scicnce came ta an end and others with different physical thearies began to
grow in importance.

The Société d'Arcueil, after a few years of high activity, began to become less active with the
meetings becoming less regular around 1812, The ings cnded completely the following year.
Arago, who had been a staunch member of the Society, began to favour the wave theory of light
as proposed by Ergspel around 1815 which was directly opposed to the corpuscular theory which
Laplace supported and developed. Many of Laplace's other physical theories were attacked, for
instance his caloric theory of heat was at odds with the work of Petis and of Enuticr. However,
Laplace did not concede that his physical theories were wrong and kept his belief in fluids of heat
and light, writing papers on these topics when over 70 years of age.

Revision Summary

If A=g;i+a,j+a,k; B=b,i+bj+bk C=c,itcjtck
then we have the following refationships.

A.B=ABcost
A.B=B.A and A.(B+C)=A.B+A.C

1. Scalar product (dot product)

9. Integration of vectors

b (] '] (]
J. Adu=ij d,d""‘ij a,du+k‘[ a, du

o a . s
10. Grad (gradient of a scalar function ¢}
. ¢
gmd¢=v¢=-a—x-|+ayi+az
a .4 3
‘del' = operator V = ( —+j—+k _.)

d a . .
{a) Directional derivative % =d.grad¢ = #.V¢p where & is a

unit vector in a stated direction. Grad ¢ gives the direction for
maximum rate of change of §.
(b) Unit normal vector N to surface $ix, y,) = constant.

11. Div (divergence of a vector function A)

da, da, &
ivA=V.A=—+2+
divA=V.A > Ty &

If V. A =0 for all points, A is a solenoid vector.
12. Curl {curl of a vector function A)

i j k
J d {7
curl A=VxA= a—x 'a—'y —:
a, a, a,

13. Operators
grad (V) acts on a scalar and gives a vector
div (V.) acts on a vector and gives a scalar
curl (V x) acts on a vectur and gives a vector.

14, Multiple operations
(a) curl grad ¢ = V¥ x (Vg) =0
(b) diveurl A=V.(VxA)=0

a! al az
© div grad ¢ = V.(V9) = Eg +ﬁ—;f +aT‘f.

ne



