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When one wishes to know the laws of phenomena, am@dtéao to a great
exactitude, one combines the observations or the ierges in a manner to
bring out the unknown elements, and one takes the meamgaiimem. The more
observations are numerous, and the less they departlinmean result, the
more this result approaches to the truth. One fulfils fast condition by the
choice of the methods, by the precision of the insénts) and by the care that
one puts to observe well. Next, one determines byhiery of probabilities the
most advantageous mean result, or the one which giededht taken to error.
But this does not suffice; it is yet necessary to apgethe probability that the
error of this result is contained within some givenith; without this, one has
only an imperfect knowledge of the degree of exactitudeimdd. Formulas
proper to this object are therefore a true perfectibthe method of natural
philosophy, as it is quite important to add to this methb. one of the things
that | have had principally in view in mjhéorie analytique des Probabilités
where | am arrived to some formulas of this kind whelve the remarkable
advantage to be independent of the law of the probabifitgrrors, and to
contain only quantities given by the same observatmms by their analytic
expressions. | am going to recall here the principles.

Each observation has for analytic expression a fnaif the elements which
one wishes to determine; and if these elements ayrienown, this function
becomes a linear function of their corrections. Ryaing it to the same
observation itself, one forms that which one nathesquation of condition If
one has a great number of similar observations, onioes them in a manner
to form as many final equations as there are elemants by resolving these
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equations, one determines the corrections of the atsm@&he art consists
therefore to combine the equations of condition in thest advantageous
manner. For this one must observe that the formatioa final equation, by
means of the equations of condition, returns to multighgach of these by an
indeterminate factor, and to reunite these productsi lisinecessary to choose
the system of factors which give the smallest etooiear. Now it is clear that if
one multiplies each error of which an element detexchiby a system is yet
susceptible, by the probability of this error, the taxb/antageous system will be
the one in which the sum of these products, all takeitiy@hg is a minimum;
because a positive or negative error can be consideredla@ss. By forming
therefore this sum of products, the condition of minimwith determine the
system of most advantageous factors, and the minimwn terrfear respecting
each element. | have shown, in the Work cited, thiatdystem is the one of the
coefficients of the elements in each equation of ¢mmdiso that one forms a
first final equation by multiplying respectively each edquatof condition by its
coefficient of the first element, and by reuniting #llese equations thus
multiplied. One forms a second final equation by employirey coefficients of
the second element, and thus in succession. | have igitee same Work the
expression of the minimum of error, whatever be theaber of elements. This
minimum gives the probability of the errors of whidfe tcorrections of these
elements are yet susceptible, and which is proportiongie number of which
the hyperbolic logarithm is unity, raised to a powewbich the exponent is the
square of the error taken to less, and divided by the sgddahe minimum of
error, multiplied by the ratio of the circumferencelie diameter. The coefficient
of the negative square of the error, in this exponiengble therefore to be
considered as the modulus of the probability of the srreince, the error
remaining the same, the probability decreases witlditgpvhen it increases; so
that the result obtained weighs, if | may thus say,atol& the truth, so much
more as this modulus is greater. | will name, for té&son, this modulugyeight
of the result. By a remarkable analogy of these welgiitsthose of the bodies,
compared to their common center of gravity, it happkas ff a like element is
given by diverse systems composed each of a great nabbservations, the
most advantageous mean result of their whole is theo$uine products of each
partial result by its weights, this sum being divided l®ysm of all the weights.
Moreover, the total weights of the diverse systemihdssum of their partial
weights; so that the probability of the errors of thean result of their whole is
proportional to the number which has the unit for hypkelogarithm, raised to
a power of which the exponent is the square of ther,etaten in less, and



multiplied by the sum of all the weights. Each weight ddpem truth, on the
law of probability of the errors in each system, amedirly always this law is
unknown; but | am happily arrived to eliminate the factdrich contains it, by
means of the sum of the squares of the deviationseobbservations of the
system, from their mean result. It will be therefdoe wish for, in order to
complete our knowledge from the results obtained by thelevbf a great
number of observations, that one wrote, beside eeshity the weight which
corresponds to it. In order to facilitate the calcaolatil develop its analytic
expression when one has no more than four elementietermine. But this
expression becoming more and more complicated in measutiee number of
elements increases, | give a quite simple way to determhie weights of the
result, whatever be the number of elements. Theagalar process to arrive to
that which one seeks is preferable to the use oftmédymulas. When one has
thus obtained the exponential which represents theokprobability of the
errors of a result, the integral of the product of tligponential, by the
differential of the error, being taken within some deired limits, it will give
the probability that the error of the result is camed within these limits, by
multiplying it by the square root of the weight of thesuk divided by the
circumference of which the diameter is unity. One firshe Work cited, some
very simple formulas in order to obtain this integaaid Mr. Kramp, in higraité
des Réfractions astronomiquesas reduced this genre of integrals into quite
convenient Tables.

In order to apply this method with success, it is necgsto vary the
circumstances of the observations in a manner tadahe constant causes of
error. It is necessary that the observations bertegdaithfully and without bias,
by separating only those which contain some evideosesa of error. It is
necessary that they be numerous, and that they beasyp mmore as there are
more elements to determine; because the weight ah#an result increases as
the number of observations divided by the number ofeiésn It is yet necessary
that the elements follow, in these observationdiffarent march; because if the
march of two elements were rigorously the same, wheh renders their
coefficients proportional in the equations of condititimese elements would
form only a single unknown, and it would be impossiblaligiinguish them by
these observations. Finally, it is necessary thatdbservations be precise, so
that their deviations from the mean result are oflissme. The weight of the
result is, thence, much increased, its expressiondémndivisor the sum of the
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squares of these deviations. With these precautionsviie able to make use
of the preceding method, and to determine the degree @fl@oce that the
results deduced from a great number of observations merit.

In the Researches which | have read last to thes Glashe phenomena of the
seas, | have applied this method to the observatiotisesé phenomena. | give
here two new applications of them: one is relatechéovialues of the masses of
Jupiter, of Saturn and of Uranus; the other is relatethédaw of variation of
gravity. For the first object, | have profited fromethimmense work that Mr.
Bouvard had just finished on the movements of Jupiter atals from which
he has constructed new very precise Tables. He has omaleof all the
oppositions and all the quadratures observed since Braatldywhich he has
discussed anew with the greatest care, this which hes go him for the
movement of Jupiter, in longitude, 126 equations of condifibiey contain five
elements, namely: the mean movement of Jupiter, é@nnfongitude at a fixed
epoch, the longitude of its perihelion to the same epthehgeccentricity of its
orbit; finally the mass of Saturn, of which the antis the principle source of the
inequalities of Jupiter. These equations have been reddmedhe most
advantageous method, to five final equations of whichréiselution has given
the value of the five elements. Mr. Bouvard finds thesmass of Saturn equal
to the 351% part of that of the Sun. One must observehisamass is the sum
of the masses of Saturn, of its satellites and oints My formulas of probability
show that there are odds of 11000 against one that threoéttos result is not a
hundredth of its value, or, that which returns to vexgrly the same, that after a
century of new observations added to the preceding and skstirs the same
manner, the new result will not differ by one hundredththe one of Mr.
Bouvard. There are odds of many thousand against onthihést result is not
in error of a fiftieth, because the odds against ooeeases, by the nature of its
analytic expression, with a great rapidity when therial of the limits of the
error increases.

Newton had found, by the observations of Pound out of gieatest
elongation of the fourth satellite of Saturn, the mafsthis planet equal to the
3012" part of that of the Sun, this which surpasses bytla thie result of Mr.
Bouvard. There are odds of millons of bilions agaiose that the one of
Newton is in error, and one will not be surprised &tifabne considers the
extreme difficulty to observe the greatest elongatminthe satellites of Saturn.
The ease to observe those of the satellites of Jumate rendered much more
exact the value of the mass of this planet, that Newtas fixed by the
observations of Pound to the 1667 part of that of the BunBouvard, by the



whole of 129 oppositions and quadratures of Saturn, findsd74" of this star,
this which differs very little from the value of Newt. My method of probability,
applied to the 129 equations of condition of Mr. Bouvard, goasds 1000000
against one that his result is not in error of onedhedith of its value; there are
odds 900 against one that his error is not one hundrediifti

Mr. Bouvard has made the mass of Uranus enter intoedpgstions as
indeterminate; he has deduced from them this mass eqtiad tb7918 part of
that of the Sun. The perturbations which it producesennmiovement of Saturn
being of small size, one must not yet expect from dheervations of this
movement a great precision in this value. But it isdgficult to observe the
elongations of the satelltes of Uranus, that onealde to justly fear a
considerable error in the value of the mass whichltegom the observations of
Mr. Hershel. It was therefore interesting to sed thhich, in this regard, the
perturbations of the movement of Saturn give. | find tihe@re are odds 213
against one that the error of the result of Mr. Bodvamot a fiftieth; there are
odds 2456 against one that it is not a fourth. After aucgmf new observations
added to the preceding, and discussed in the same manserptlds numbers
will increase further by their squares; one will hetwerefore then the value of the
mass of Uranus, with a great probability that it Ww#l contained within some
narrow limits.

| come now to the law of gravity. Since Richer whezagnized, first, the
diminution of this force at the equator by the decalmnatof his clock
transported from Paris to Cayenne, one has deternheadtensity of gravity, in
a great number of places, either by the number of diwsallations of a like
pendulum, or by measuring directly the length of the penduluseconds. The
observations which have to me seemed to merit thst monfidence are in
number of thirty-seven and extend from 67° of northetitude to 51° of
southern latitude. Although their march is quite regulagy tleave however to
desire a greater precision still. The length of thehsonous pendulum which
results from it follows very nearly the most simpevlof variation, that of the
square of the sine of the latitude, and the two hemispheresent not at all, in
this regard, sensible difference, or at least whainoare attributed to the errors
of the observations. But, if there exists among tlerslight difference, the
observations of the pendulum, by their facility and phecision which one can
bring there now, are very proper to demonstrate it. \Wathieu has well wished
to discuss, at my request, the observations of whizdvé just spoken, and he
has found that, the length of the pendulum in second® adiator being taken
for unity, the coefficient of the term proportionalttee square of the sine of the



latitude is 551 hundred thousandths. My formulas of probalalgplied to these
observations, give odds 2127 against one that the truaceoeffis contained
within the limits 5 thousandths and 6 thousandths.

If the Earth is an ellipsoid of revolution, one has flatness by subtracting
from it the coefficient of the law of gravity of 868 hired thousandths. The
coefficient 5 thousandths corresponds thus to the ftatﬁgsthere are therefore
odds 4254 against one that the flatness of the EartHaw.b&here are odds
some millions of bilions against one that thisrflegs is less than the one which
corresponds to the homogeneity of the Earth, and tiatterrestrial layers
increase with density in measure as they approachetitercof this planet. The
great regularity of gravity at its surface proves tha¢ytrare disposed
symmetrically around this point. These two conditionsgessarily following
from the fluid state, could not evidently subsist for Haeth, if it had been not at
all primitively this state, that an excessive head heen able to give alone to the
whole Earth.

1. Suppose that one has a sequence of equations of condliti@nform
(1) 6(7:) — p(i)z + q(i)zl + T(i)z” + t(i)z”’ + V(i)ziv + )\(7)2\/ - w(i)’

z, 2',2" ... being somen elements of the corrections of theaxiswhich one
seeks to determine by the whole of these equationgshwh the number is
supposed very greati’, ¢'7,...  being some quantities given by thgtiana
expressions of the observations; being the quantitgngby the same
observation, and®  being the error of the observatibave shown in no. 21 of
the second Book of myhéorie analytique des probabilitds thatf is the
number of elements, one will hawe final equationsnbst proper to determine
the elements: 1° by multiplying each final equation bycefficient ofz , and by
reuniting all the resulting equations with these produbts which gives

SpD e = 2 4 2/ D 1 7 00 ... gl

the sign S indicating the sum of the quantities whichffécts, from:; =0 to
i = s — 1, s being the number of observations or of equatiom®ndition; 2° by
multiplying each equation of condition by its coefficiaritz’; this which gives,
by reuniting these products,
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Sqeld = 2 g 4/ g 1 el 4 g0
and thus consecutively. One will resolve these equakipissipposing
sped =0, 50 =0, SO =0 ..,

and one will have the most advantageous values df 2", ... Treerdts
from the section cited, that the probability of ertorof the value of: thus

determined, is of the fornﬁ%, ¢ being the number of whitehhyperbolic

logarithm is unity, andr being the ratio of the circumfee to the diameter. By
multiplying this probability byudw , and taking the integrabrh v =0 towu
infinity, one will have, by the section cited, thatich | have named in this
section theminimum error to fear; this minimum is theref% . | have given

in the same section the expression of this minimuor gthis expression will give
therefore the value af , or of the weight of the resurid one finds that if there
is only one correction or element , one has

(i)?
po P
2S¢()
If there are two elements anrtl , one will h_av_e thieey of P , relative to
the first element, by changing/@®  intp® — &4)° by makingefoze

Sq?
generally

s A
25 B’

and designating, for brevity,p®° W, p&q® by, ¢ Py,  one
will have

P =

A=pPq® —pg,

B = q(2).
If there are three elements 2/, 2", one will hate by ghmay in the
e . DrEqrT .
value precedingd p® intp® — &5 pg  intgg — ZF,  and®  into

WZ

¢¥ — %5, and multiplying the whole by'®).  One will havg¢ by makihg
same substitutions and the same multiplication relabivihe preceding value of



B; one has thus

A= p(Q)q(Q)T(Q) _ p(Q)WQ _ q(2)p—7~2 _ T(Q)WQ + 2pq pr qr,
B = q(2)7~(2) _ WQ-

If there are four elements, one will have the valoésA and of B by
changing, in the two preceding®  int®® — &5, pg  imig— %5,...  and
multiplying the whole by , this which gives

A = pD g2y _ @252 _ 252 _ 22
_ DrOpE _ D52 (252
+Pg° 1T+t +pt g
+ 2pPqF gt rt 4 24V pt i
+2r)pg pt gt + 2t pg pr gr
— 2pq prqtrt — 2pq ptqrrt — 2pr ptqr g,
B = q¢®r®® _ (@57 _ 257 _ DG 4 ogr girt.

In continuing thus, one will have the value®f relatio the first element,
whatever be the number of elements. By changing qir@ondg intop , one will
have the value oP relative to the second elememtto »i andr intg , one will
have the value aP relative to the third element, thod consecutively.

The value ofA becomes more complicated in measure easitimber of
elements increases; its expression for six elemsrggan excessive length, and
its numeric calculation would be impractical. It is worhore then to have a
simple and regular process in order to arrive thers;this which one obtains in
the following manner:

Suppose that there are six elements, and that thugjtla¢icn of condition
(1) is of the form

(2) €D = XDV 4 OV 4O 4 p @1 gy 4 pli)y — @,

By multiplying this equation byA() | and reuniting the similaoducts,
relative to all the equations of condition that equa(@nrepresents, one will
have

SAD ) — e\ 4V 0 4 o QD) o gl ).



By the conditions of the most advantageous method, ase h
SAD el = o,
the preceding equation will give therefore

e Zivswym e S\ () . S\,
R S Y e S YO )2

By substituting this value of'  into equation (2), one halve this here

() v (,,m _ A(i)M)

S\
v (o o SN i, i)
One has thus, by making successively 0,¢=1,...,i=s—1, a new

system of equations of condition, which contains noentban five elements”

n

27, .
Making, for brevity,

(O )
) _ 40\ S)J%W
! S\
. (1) (1)
() _ () (@) AW
W =w A S\OER
equation (3) will become
(4) 6(72) _ I/Y)Ziv + tgi)z/// + Tgi)z// + qYZ)Z/ + p§7)z B WY)

By multiplying this equation by/f’) , and reuniting the simifaroducts,
relative to all the equations which this representliserving next that one has
Suiel = 0, by virtue of the two equations\@e?  =0;(&() =0, which the
conditions of the most advantageous method give, onbavi

0— ZiVSI/YV 4 M S/Y)tg?) 4.



If one draws from this equation the value:§f , one helbe, in substituting
it into equation (4),

(5) 6(72) _ tg?)/z/// + Tgﬁ)z// + qéi)z/ + pg)z - wgﬁ)’
by making
() ,(4)
0 _ 0 _ oS 'h
by’ =1 V 0z
Sy,

By multiplying further equation (5) bgg) , and reuniting thailsir products
relative to all the equations of condition representedduation (5), in observing
next that one hastS¢? =0 | by virtue of the equations

S\l =0, 5l =0, &l =
one will have an equation whence one will draw theuevabf 2, which,
substituted into equation (5), will gie

© €0 = 97 4 g0 4 0z o)

by making

By continuing thus, one arrives to an equation of thea fo
(7) e = pilz —uf),

There results from® 20 of the second Book of Tfingorie analytique des
probabilité® that if the value ot is determined by equation (7) &ndis the
error of this value, the probability of this error is

4 Translator's note: The original lacks superscriptg,op » ndtan equation (6) and the
following displayed equation. These have been inserted.
5 TAP, page 318.
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sSp s
asc ¢ =T
one has therefore
7: 2
p_ sSpé)
2S()? "

Now the question is to form the quantityoé@é2 . For thigbkerve that the
equations of condition, represented by equation (2), gieefahlowing six
equations, by multiplying them first by their coeffidiesf z¥ and adding them,
next by multiplying them by their coefficient e’  andding them, and thus
consecutively:

(Mo = APV £ X0 + N2 + M2 + Ag2 + Apz,
7w = 2" + VN + vt + o + g + vps,
) tw = Mz" + vi2" + 22" + 7" + g2 + pz,
7w = Az’ + 702" + 1t + rP2 + 7g + 7Pz,
q@ = Ag2" +qu2" + gt + @ + ¢@ 2 + gpe,
| 7w = Ap2" + 2 + pt" + 7 + g + Pz

(A)

One must observe that, in these equations, one has
2\ = S)\(i)Z), = S\l

and thus of the rest.
One will form in the same manner the following feguations:
( .
U] = V%Q)ZIV +uit 2" oY i +viprz,

oy = b 2" + th)z”' +trd +tqd +tipz,

+ r§2)z" +7iq? + TPz,

qor = a2+t 2" Fard + q§2)2/ + q1p1 2,

| o1 = Y + pt 2"+ ot + g + p§2)z.

(B) Ty = g2 + it 2"

11



One will have the values m‘f) vty .,. , by means of theffaients of
equations (A), by observing that

2 PR —

(2) (2) E R — AU o EV
vy =v —w, Vltlzl/t_Wa vry =vr — )\(2) 5 ceey
_2 _
@ e A L AV A\w
£ _t()_W’ e I/lwl—l/w—w,

One will form in the same manner the following foguations:
towy = téQ)z”' + it + g +tapsz,

+ réQ)z" + Toqa? + Tapaz,

Qwz = @t2" + @ra’ + Q§2)2/ + @2z,

[ —m
oWy = Tgtgz

(©)

Paws = pote?" + oz + ez’ + péQ)z.

whence one has

— -
2 9y Uity — — it
tg) = tg - ) tory =111 — @2

vy vy
—_— —_— I/ltl 141%1
towy = tiw1 — o
vy

As one has no more here than four elements, onapay to these equations

the formulas of i 1, but one can continue to elimiaaikto form thus the value

of péQ).

2. In order to apply this method to an example, | takefoliewing six
equations:

12



1292V + 46,3102 + 1,11282" + 1,33712" + 57222 + 26022 = —1002, 900.

46,3102" + 2,15432" + 3,62132" + 1,24842" — 54592 + 696, 132 = —343, 455.
1,11282Y + 3,62132" + 57,1912 — 3,22522" — 39749, 12’ — 1959, 02 = —40, 335.
1,33712 + 1,24842Y — 3,22522"" + 71,87202" — 153106, 52 + 6788,22 = 237,782.
57222" — 54592V — 39749, 12" — 153106, 52" + 4248657292’ — 127293982 = —738297, 8.
26022" + 696, 132" — 1959, 02" + 6788, 22" — 127293982 + 7959382 — 7212, 6.

These equations are those in which Mr. Bouvard isetdriwy 129 so many
oppositions as quadratures of Saturn, and from which hecdaduded the
corrections of the elements of the movement ofglaiset.zV is the correction of
the mean longitude, in 1750Y is the secular correctidgheofnean movement;
2" is the correction of the equation of the centér; this product of the
equation of the center with the correction of the hgdion; 2’ is the mass of
Jupiter and: is that of Uranus. The second decimal ig. unit

By means of these equations, which are containecdeirsystem (A), | have
formed the following five, contained in the system:(B)

4,91812" + 3,22172" + 0,76842" — 7513, 22’ — 237,972 =
3,22172" + 57, 18152 — 3,23672" — 39798, 52" — 1981, 42 =
0,76842" — 3,23672" + 71,85812" — 153165,82' + 6761, 22 =...
—7513,22" — 39798, 52" — 153165, 82" + 4246119217’ — 12844814z = ---,
—237,972" — 1981, 42" + 6761, 22" — 128448142 + 743454~ =

From these equations | have drawn the following fountaioed in the
system (C):
55,0712" — 3,74012" — 34876, 82" — 1825, 52 =
—3,74012" + 71,73802" — 151992, 02’ + 6798, 42
— 34876,82" — 151992, 02" + 4131342872 — 132083522 RN
—1825,52" + 6798, 42" — 132083527 + 7319392 =

13



These last equations have led me to the following three

71,48402" — 154360, 62" + 6674,42 =...
— 154360, 62" + 3910466412" — 143644502 e
6674,42" + 143644502" + 6714272 =

Finally, I have drawn from this last system of equatithe following two:

BTT244877 + 48067 = - -,
480677 + 482442 = - -,

| am myself stopped at this system since it is eagptwlude from it the values
of P, relative to the two elements and , which Ihei particularly to know,
and | have found by the formulas ¢fn 1, #r ,

s (48067)*
P == [57724487 RRTOYY }
and forz,
s (48067)*
P=——148244 — —~|.
2Se()? [ s 57724487}

The number of observations is here 129, and Mr. Bouxasddund
S = 31096,
one has therefore, faf,
log P = 5,0778548,
and, forz ,
log P = 1,9999383.

The mass of Jupiter is

1 /
106709 L T #):
and Mr. Bouvard has found = —0,00332 , this which gives the massipiter

equal togq= -

14



The probability that the error of is contained witthie limits + U , equal

@/ducPUZ),
N

the integral being taken within the limiis= + U.  One findsg the probability
that the error of the value of the mass of Jupiteerdghed by Mr. Bouvard, is

contained within the limitst 1%; ofi-55, equalflf) , and the piulity that

i i i ithi i 1 1 999307
this error is contained within the limits- 155 q@m , equal55=25c . The
mass of Uranus is

__;l___(l + )
19504 )

and Mr. Bouvard has found= 0,08848 , this which givlg% for thesds
Uranus. The probability that the error of the mast/@nus thus determined is
. - .. 1 1 212.8
contained within the limitst 2 ofL-. | %
Relative to the mass of Saturn, Mr. Bouvard has supptsacis equations
of condition of the movement of Jupiter in longitude, edqoal

1+ =
3534, 08’

and he has found = 0,00633 , this which givgbélr2 for the mass tirBain
applying my formulas to these equations of conditiomd fi

log P = 4,8851146.

The probability that the mass of Saturn thus determmedthin the limits
1 1 1170
+ 100 Of 352008 equalsiyif].

3. We apply again the formulas of probability to the olm#ns of the
pendulum in seconds.

In representing by’ the length of the pendulum at the equaye'? the
square of the sine of latitude, and by its coefficiarthe law of gravity, Mr.
Mathieu has formed, by comparing to this law the tksgyen observations of
which | have spoken above, thirty-seven equations edidon of the form

e = zp(i) + 2 —w®,

15



In resolving them by the most advantageous method,shdraavn from them
two final equations which have given to him the valoks and-’ , and he has
deduced from them, for the expression of the lengtheopmdulum,

(a) 1,0000043162 + 0,0055188p'".

In this expression, the length of the pendulum is comptretbne of our
linear measures, because the observations, such agditrieu has considered
them, are, properly speaking, only those of the numbetiuhal oscillations
which a similar pendulum has made in the diverse pladess hecessary
therefore, in order to have in linear measures thgtle of the pendulum in
decimal seconds, to compare this length to these msaguie given place. It is
this which Borda has executed with a care and an eatiygmcision, at the
Observatory of Paris, where he has found this lengmleto 0™, 741887.
Thence | have concluded, for the general expressiormeflangth of this
pendulum,

0™, 739505 + 0™, 0040780p'".

Now, in order to have the probability that the cadfit ofp'” or of the law
of gravity is contained within the given limits, it mecessary to know the values
of Sp?, " and 8)°. Mr. Mathieu has found

Spl = 14, 255136,
Sp'* = 7,9569564,
S = 0,00000093890182.

One has besides hey® =1 ; this which give9S=s s , beinguimber
of observations which, in the present case, is equ#itty-seven. This put, |
observe that if one namas amld the simultaneoussesfahe values of and
2/, determined by the most advantageous method, the pitybabilhese errors

is, by 1?21 of the second Book of nfjnéorie analytique des probabilités,
proportional to the exponential

(F112+2(}111/+H1/2)s
T a2
Is F25()

and one has, by the same section,

6 TAP, page 327.
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F = spl”’ [8 SNy
=5 s~ (9],
H=s|ssp — (577,

E = s — (91),

2

this which changes the preceding exponential into this

_ S(“ZSP“')Z +2m/$ﬂ(i) +u/2)
c 25(0)? i

But, if one takes for unity the length of the pendulunhatgquator, it will be
necessary to divide the formula ( ) by its first teand then it becomes quite
nearly

(b) 1 = 0.0055145p".

One sees also that the error of this new coeffimép() isu — v, we will
designate it by , so that— «' =¢.  In making moreover

[sSp — (597

(sp<7?)2 + 290 + 5)2 G ()7
t(Sp) + s)

TS 120 + 57

P =

' =u

the preceding exponential becomes

_pp2_ s(sp? 125(0) 4 )12

25(7) ’

By multiplying this exponential byt dt’ , by integrating ittivirespect ta’ ,
fromt = —co tot’' = 0o, and relative té , within the given limit®ally, by
dividing this double integral by the same double intega#en relative ta and
from —oo to 4 oo, one will have the probability that thdueaoft is contained
within the given limits. The expression of this probgbwill be thus

VP [dte P
VT
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The preceding values of p®°, p8 and’S  give
log P = 7,3884431.

By means of this value dbgP , one can determine thegmmibty that the
true coefficient ofp”), in formulab( ), is contained withrsome given limits. |
find thus that the probability that it is contained vixtn 0,0050145 and

0,0060145 iS 57557 -

© 206 Richard J. Pulskamp
All rights reserved.
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