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1789-1799. Revolucion francesa y patrones de medida
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Pierre Méchain, Jean_Baptiste Delambre, Chevallier de Borda

SE LEE EN LA ASAMBLEA NACIONAL

"Sefores, la variedad incontable de nuestras medidas y sus peregrinos nombres
producen, inevitablemente, confusién en nuestras ideas y dificultades en el
comercio. Pero lo que especialmente es fuente de errores e inexactitudes no es
esta misma diversidad, sino la diferencia de magnitudes bajo la misma
denominacion.”



Definicion de Patrones de Medida
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DEFINICION DE NORMAS

Medir espacio.

Medir tiempo.

Medir masa.

¢, Son concebibles unas separadas de otras?
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CONSECUENCIAS

m Patrones.
m Gravedad como medida planetaria.
m Importancia practica.



En Estados Unidos.
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US COAST SURVEY

m Fundada por Thomas Jefferson en 1807.
m Costas, mar, ilustracién.
m Se transforma en “Coast and Geodetic Survey” (1878).

m Actualmente es la "Office of Coast Survey” de la
National Oceanic and Atmospheric Administration.
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UNO OSCILA, LA OTRA GIRA.

Tiempo y espacio estan unidos de forma indisoluble al
cambio. No obstante, ¢ quién esta subordinado a quién?



El péndulo ideal
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@ d?s
s=1lyp
S = »
\ dop
14 _
mwg TIQ—F(Q/I)SGIKO—O
Si ¢ es ‘suficientemente’ pequerio:
d?yp
- No=
gz T9/l)e=0

Este problema tiene solucion analitica:

o(t) = Acos[(2m+/g/)t + ¢]



El péndulo de Repsold-Kater
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ds0+( )dtp

ae ) T ()sene =0

donde ~ ‘engloba’ las perdidas de energia.

Este problema también tiene solucién
analitica:

o(t) = Ae~ 2 cos[ZEt + ¢]

Donde T es una funciénde g, I, m, ~,...



¢ Qué se media? ¢{Con qué error?

ALGUNAS
REFLEXIONES

hg+h —h
8n2[fathw | hg—hw
DIEGO MAZA g [T2+T2 277_1,2'/]
M, M
g Gil’%t => rf — G?t

Valores actuales de G = 6,67408 + 0,00031 10~ K’;’;,
My = (5,9722 + 0,0006) 10%* Kg,
g =9,806657

Radio terrestre ‘estandar’: rr = 6371Km
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Supongamos una diferencia de 1 parte en 1000 en el valor de g
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hg+h, —h
87T2 g+ Nw hg—hw
DIEGO MAZA 9= [T2+T2 27T"2V]
M, M,
g GT%I == It= G?t

Valores actuales de G = 6,67408 + 0,00031 10~ K’;’;,
My = (5,9722 + 0,0006) 10%* Kg,
g =9,806657

Radio terrestre ‘estandar’: rr = 6371Km

Supongamos una diferencia de 1 parte en 1000 en el valor de g

Entonces la diferencia entre dos valores calculados de rt
es de 3,1 en 6371 km...

es decir, casi la altura del Aneto, 3404 metros!
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REPORT OF THE SUPERINTENDENT

UNITED STATES COAST SURVEY
THE PROGRESS OF THE WORK
- &

FISCAL YEAR ENDING WITH

JUNE, 1876.
ENCARGO DEL
“COAST SURVAY’
1879, )

CONTENTS OF APPENDICE!
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portation of instruments, maps, and
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PENDULINOBSERYATIONS.

‘With a view of providing for a comparison of the pendulum-observations of the Coast Survey
with Fnropean and Asiatic systems which have been further advanced practically, Assistant Chas,
8. Peirce was directed early in the spring of 1875 to procure apparatus of the invariable and reversi-
ble pendulum, and to observe with them at Paris, Geneva, Berlin, and Kew. His inquiries on the

M. Peirce arrived at Boston August 26, He s at present occupied in completing the con-
nection of the determinations of gravity in Burope and Auerica.
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NOTE ON THE THEOEY OF THE ECOXOMY OF RESEALUH, BY ASSISTANT C. 8. PEIKCE

No. 14.

Wihen a research s of - quantitative natize, the progress of it is marked by the dimintion of
the probable error. The results of non-quanti also Lave an inexactinwde or inde
terminacy which is analogons to the probable error of qnantitative determinations. To this inex.
actitude, although it De not numerieally expressed, the term “ probable errvor” may be couvenicntly
extended.

The doctrine of economy, in general, treats of the relailons between utility and cost. That
branch of it which relates to researel considers the relations between the ntility and the cost of
diminishing the probable ervor of oar knowled Its main problem is, ow, with a given expend
iture of money, tiwe, snd energy, to obtain the most valuable addition te our knowledg

The following is an example of the pr: pplication of the theory of ceonemy in researel :
Tiven a certain amonnt of time, whicli is to be expended in swinging a reversible pendolum, how
mueh should be devoted to experiments with the heavy end up, and how mueh 0 those with the

ation with heavy end down, T, the sane with heavy end up. Lot
frenm the points of support of the pendulum i the
s is to ascertain o quantity proportional to

BT, — 1T, .

Bl B, 1
tarn position

APPENDIX 14

Then (he ulum of the expe

Accordingly, if 4T, and AT, are the probable errors of T, and T,, that of the quantity songht will
e

Vi

DRI,
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Correccion de los relojes
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DIEGO MA Time-observations for the experiments at varions pressures with heavy end up were made,
1877, November 30 to December 24, inclusive.  The chronometer nsed was Bond and Sons 380,
In reducing these observations, the value of the azimnth was taken different in the two positions
of the trausit-instrument. and (he observations of single stars received weights varying with the
declination, in aceordance with the latest recommendations of the Computing Division.

T, December. | Trecrnier Navember,  Dorember,
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 Aquariiiieee, # §80~GE | o Placium & faz "t
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& Geminorum. 68 419 = J3 K, | £ Leonin ... 79430 00W,
PVILO 2l —28 —0LE. | = Urse Maj. 28 =22 406 W,

o Gembnorun. 58 941U E, | & Teonls . €0 430 —04W,

a Canis Min . B4 <35 =23 W. | 8 Craterds ... 108 {56 +12E
E.| g Geminorum. 62 12 16 W.| A Draconin... 20 20 —03E.

0L B.| ¢ CGeminorum. 63 416 4.06W. | » Looni

14 B. 31 Urseo Maj .. 21 ~28 +.08W.

ALGUNOS PUNTOS
RELEVANTES

» Gemigorum. 67 418



Correccion de la amplitud de oscilacion
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D= —a—bd—c®.

The integral of this'equation is

a0 T b
p:J:_a—ﬁ cot {cJ%—i;(l—fa)}—&a .

The values of @ for the different values of 1, a8 given in the table above, are sufficiently satisfied
by putting (for ¢ in seconds of time and ® in minutes of are)

@ = 1547 x 10
b=6418 x 10~
¢=1421 X 10

The errors are shown in the following table:
Sum of times, Obs. . Cale. . (0—C) 4.

3
—3191 140 138.82 +1.18

—2880 130 130.03 —0.03
—2Z187 110 110.33 —0.33
—-1379 100 100.00 —0.00
— 706 30 7997 4003
ALGUNOS PUNTOS o 70 70.03 —0.03
RELEVANTES +1027 50 49.98 +0.02

+3304 40 39.90 +0.01
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D= —a—bd—c®.

The integral of this'equation is

a0 T b
p:J:_a—ﬁ cot {cJ%—i;(l—fa)}—&a .

The values of @ for the different values of 1, a8 given in the table above, are sufficiently satisfied
by putting (for ¢ in seconds of time and ® in minutes of are)

@ = 1547 x 10
b=6418 x 10~
¢=1421 X 10

The errors are shown in the following table:
Sum of times, Obs. . Cale. . (0—C) 4.

3
—3191 140 138.82 +1.18

—2880 130 130.03 —0.03
—2Z187 110 110.33 —0.33
—-1379 100 100.00 —0.00
— 706 30 7997 4003
ALGUNOS PUNTOS o 70 70.03 —0.03
RELEVANTES +1027 50 49.98 +0.02

+3304 40 39.90 +0.01

¢, Por qué eligié Pierce esa ecuacion?



Correccion de la amplitud de oscilacion
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Dy =—bp—ce

Hence, :? (@n 1)

L e b b Sa o (0-1) — (041" 4o .
G DE
and t = Nt g (14 L), A K

¢,Por qué no utiliz6 un decaimiento exponencial si dominaba
el concepto de logaritmo natural?



Trabajos de Stokes y Maxwell
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In the fourth place, even if the air had no weight and consequently no statical pressure, it
‘would still affect the wotion of the pendulum in virtue of its viscosity. This cffect forms the subjeet
DIEGO MAZA of a fine iuvestigation by Stokes. He shows that the viscosity of the air causes a decrement of the
amplitude in a constant Tatio, This is the cause of the phenomenon represented by the second
term of the equation

DO=—a—bo—ct.

In the casc of an osei

ing sphere this part of the decrement consists entirely of two terms,
one proportional to the square ¥

root of the viscosity and the other to the viscosity itsclf. In the case
of an infinite cylinder, two similar terms constitate the bulk of the effect. In the case of a plane
oscillating tangentially, only the term proportional to the square Toot of the viscosity appears. In
all three cases the formula of Professor Stokes exhibit a remarkable relation between the effect
on the decrement of the arc and the effect on the period of oscillation ; namely, that that term of
the former which is proportional to the square root of the viscosity is identical with the only con
siderable term of the latter. Tn mu the viscosity introduces into the differential equation of the

a
motion a term in {17 and 4 term in § ,’2 The former of these has a part which varies as the square

root of the viscosity,and the coeflicient of this part is equal to the coeflicient of the term in
&r

ae’
By the viscosity is here meant what Stokes terms the index of internal friction and Maxwell
the kinematical viscosity. It is the quotient of the retardation of the veloeity at any point of the

fiuid cansed by the excess of the velocity at this point over the mean velocity in the neighborhood
defined, it is

divided by this excess. Analytically

ALGUNOS PUNTOS
RELEVANTES

Conocia los trabajos adecuados, entonces, ¢ por que no los
introdujo como términos de su ecuacién diferencial?



El misterioso simbolo...
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[+ 0t he=h] oy,
e

The two bobs are not precisely of the same size. Their dimensions are

SOLID BOB. HOLLOW BOR.

Centimeters. Centimeters,
DRBIIELEY .+ v eeee e eae et eee e e rens eee e 1148 1142
HEIERE. - oo ome et e 3.25 318

Their solid contents are
336.3 (em)? 325.0 (emy.

But a part of this volume has already been reckoued as a part of the stew of the pendulum,
Owing to the influence of the re-entrant angle at the junction of the bob and stem, which must
cause an increase of the effect, it will be better to leave this core as a part of the stem than to
include it in the bob. The volume of this core is

© (4337 (3.8 46.8 (cm)® for the light bob
and @ (L33)% (2.23) = 47.9 (em)® for the heavy one.

Subtract these from the volumes already obtained, we get as the trne volumes

2782 (cm) for the light bob
ALGUNOS PUNTOS and 288.4 (cm)' for the heavy one.

RELEVANTES

corresponde a lo que hoy llamamos ... aunque su valor no
es el correcto en las ecuaciones.



Aqui el misterio aumenta...
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‘Sultituting this value in the frst Arential equation, we have

¥

1-1Di9+ (1+3)D2p+s9m0.

Seqarating the operator futo factors, ad uaing the abbreriation
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y por completar...
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i Ay de mi con la semiotica!
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energia,
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, fuerza viva,
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£

, , ecuaciones de Lagrange, ,
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, ‘inelegant’,
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notacion diferencial.
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DIEGO MAZA ‘I do not call the solitary studies of a single man a science. It is only when a group of men, more or
less in intercommunication, are aiding and stimulating one another by their understanding of a
particular group of studies as outsiders cannot understand them, that | call their life a science.” (MS
1334, 12-13 1905)
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ALGUNAS
RepExones 8 |
DIEGO MAZA ‘I do not call the solitary studies of a single man a science. It is only when a group of men, more or
less in intercommunication, are aiding and stimulating one another by their understanding of a
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E Researcher vs. Scientist .

Considérese qué efectos, que pudieran tener concebiblemente repercusiones practicas, concebimos
que tiene el objeto de nuestra concepcion. Entonces nuestra concepcion de estos efectos es la
totalidad de nuestra concepcion del objeto (CP 5.402, 1878).
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Considérese qué efectos, que pudieran tener concebiblemente repercusiones practicas, concebimos
que tiene el objeto de nuestra concepcion. Entonces nuestra concepcion de estos efectos es la
totalidad de nuestra concepcion del objeto (CP 5.402, 1878).

Como nuestras mentes se han formado bajo la influencia de fenémenos regidos por las leyes de la
mecanica, determinadas concepciones que entran en esta leyes quedaron implantadas en nuestras
mentes, de ahi que nosotros facilemente adivinemos cuéles son esas leyes. Sin tal inclinacion
natural, teniendo que buscar a ciegas una ley que ajuste se a los fenémenos, nuestra probabilidad de
encontrarla seria infinita (CP 6.10.1891).
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que tiene el objeto de nuestra concepcion. Entonces nuestra concepcion de estos efectos es la
totalidad de nuestra concepcion del objeto (CP 5.402, 1878).

Como nuestras mentes se han formado bajo la influencia de fenémenos regidos por las leyes de la
mecanica, determinadas concepciones que entran en esta leyes quedaron implantadas en nuestras
mentes, de ahi que nosotros facilemente adivinemos cuéles son esas leyes. Sin tal inclinacion
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“Del rigor en la ciencia”, Jorge Luis Borges En aquel Imperio, el Arte de la Cartografia logroé tal
Perfeccion que el Mapa de una sola Provincia ocupaba toda una Ciudad, y el Mapa del Imperio, toda
una Provincia. Con el tiempo, estos Mapas Desmesurados no satisficieron y los Colegios de
Cartégrafos levantaron un Mapa del Imperio, que tenia el Tamano del Imperio y coincidia
puntualmente con él. Menos Adictas al Estudio de la Cartografia, las Generaciones Siguientes
entendieron que ese dilatado Mapa era Indtil y no sin Impiedad lo entregaron a las Inclemencias del
REFLEXIONES Sol y los Inviernos. En los Desiertos del Oeste perduran despedazadas Ruinas del Mapa, habitadas
por Animales y por Mendigos; en todo el Pais no hay otra reliquia de las Disciplinas Geogréaficas.
Suérez Miranda: Viajes de varones prudentes, libro cuarto, cap. XLV, Lérida, 1658.
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