MICHAEL DETTELBACH

I’7 Humboldtian science

About twenty-five years ago, the American historian of science
Susan Faye Cannon began using the term ‘Humboldtian science’
to characterize a major current in early nineteenth-century natural
philosophy, the ‘avant-garde’, ‘the great new thing in professional
science in the first half of the nineteenth century’. She used ‘Hum-
boldtian’ to replace the usual description of the period as ‘Bacon-
ian’, a label which condemned the period to a naive, encyclopaedic
empiricism relying entirely on the collection and collation of facts,
a fascination with the particular, and a rejection of theory. The
vague ‘Baconianism’ of nineteenth-century scientists, she pointed
out, was actually (1) a disciplined practice of observing and meas-
uring a number of physical variables over continental expanses of
territory, using the latest advances in instrumentation and
attending to all possible sources of error; and (2) a sophisticated
conception of the relationship between accurate measurement,
sources of error, and mathematical laws. It was encyclopaedic,
embracing botany, mineralogy, zoology, geology, meteorology, ter-
restrial magnetism, atmospheric chemistry and tides, and topogra-
phy, but only insofar as these were capable of numerical
expression, arrangement, and comparison. This, Cannon
remarked, well describes the enterprise of the Prussian traveller
Alexander von Humboldt (1769-1859), and rather than repeat the
unhelpful characterization of early nineteenth-century science as
‘Baconian’, historians would be better off realizing that it is
‘Humboldtian’.!

The effect of her essay on ‘Humboldtian science’, published in
1978, was immediate, especially among historians of British and
American science, and Humboldtian science quickly found appli-
cations in the founding of the British Association for the Advance-
ment of Science (BAAS), the ‘Magnetic Crusade’, and the pro-
fessionalization of science in general; it even helped illuminate
important aspects of the thought and practice of Charles Darwin,
who carried Humboldt’s Personal Narrative of Travels to the Equa-
torial Regions of the New Continent (trans. H. M. Williams, 1814~
29) with him aboard HMS Beagle. The concept clearly ‘explained’
important aspects of the activities of a broad set of natural
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philosophers, that had only loosely and uneasily filled the rubric
of ‘Baconianism’, especially the concern for precise measurement
and mathematical law.’

But while Cannon’s invention clarified and deepened our picture
of early nineteenth-century science, the label also prematurely
‘black-boxed’ a complex of concerns and practices, relying on
Humboldt’s evident stature in the period to define a ‘style’ or ‘com-
plex’ and give the package explanatory force. However, the Hum-
boldt which so appealed to Cannon’s naturalists was a translated
Humboldt, and so a transmuted Humboldt. The evidently useful
concept of Humboldtian science requires dismantling; Humboldt
needs to be differentiated from the Humboldtians, to expose the
illuminating process of translation, the use of Humboldt and his
project as a resource in different national and social settings, which
the very usefulness of Cannon’s concept to historians indicates. To
start, I propose to open the black box of Humboldtian science by
examining the notion of natural order operative in Humboldt’s
enterprise.

Born in Berlin in 1769, Alexander von Humboldt began his
career as a Prussian mining official in the 1790s, reorganizing the
mines and industries of the small, outlying principalities of
Ansbach-Bayreuth. He resigned his position in 1797, and after
spending two years’ searching out instruments, skills, and a boat,
Humboldt went to South America in 1799 under the protection of
the Spanish king, Charles VII, as part of a planned voyage around
the world. Already known for his chemical, geological, and medi-
cal investigations, Humboldt returned from the Americas a public
hero. He spent the next twenty-two years living and working in
Paris, publishing the results of his American travels, which issued
in a series of over thirty volumes and exhausted the resources of
three publishers by the time the final monograph (on New World
grasses) was published in 1834. King Friedrich Wilhelm III of
Prussia called Humboldt back to Berlin in 1826 as royal chamber-
lain, and after a brief expedition to Siberia and the eastern reaches
of the Russian steppes in 1829 Humboldt divided the rest of his
life between Potsdam and Paris. His intellectual wanderings
matched his physical ones. Humboldt’s last work, Kosmos. Entwurf
einer physischen Weltbeschretbung (‘Cosmos. Sketch of a Physical
Description of the Universe’) (5 vols., 1845-62), began its ‘physical
description’ of the universe with the condensation of stars and
planets out of nebular clouds and ended with the geography of
plants. He was busy with geological stratification when he expired
over the preface to the fifth volume in 1859, a few months short
of his ninetieth birthday.

By the time he resigned his commission in the mines, Humboldt
had committed himself to the pursuit of what he called ‘terrestrial
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physics’ (physique du monde). He often contrasted the new science
with ‘descriptive’ natural history, as in an 1805 paper read before
the Berlin Academy of Sciences:

Until now, little has been achieved by travelling naturalists for . . .
terrestrial physics [Physik der Erde] (physique du monde), because they are
almost all concerned exclusively with the descriptive [naturbeschreibenden]
sciences and collecting, and have neglected to track the great and constant
laws of nature manifested in the rapid flux of phenomena, and to trace
the reciprocal interaction, the struggle, as it were, of the divided physical
forces.

What kinds of phenomena led to ‘great and constant laws’, mani-
fested the ‘interaction of forces’, and so attracted the attentions of
the terrestrial physicist? Humboldt lists them:

the intensity of magnetism, or the strength of the charge of the globe
in different regions and elevations, measured by the oscillations of a
magnetised needle; hourly changes of the magnetic meridian; general
meteorological phenomena; yearly, monthly and hourly mean decrease
in temperature in the upper layers of the atmosphere . . . regular ebb
and flood of the aerial ocean, indicated by hourly variations of the
barometer . . . the chemical and hygroscopic composition of the atmos-
phere; the effect of the elevation of the sun and mountainous regions
on the electrical charge of the air.?

The terrestrial physicist had to carry and care for a remarkable
array of precise instruments to measure everything from the pass-
age of time (chronometers) and the angular distances of stars, satel-
lites, and landmarks (telescopes, quadrants, sextants, a repeating
circle, a theodolite), the direction and intensity of magnetism (dip
needles and magnetic compasses), to the temperature (thermo-
meters), humidity (hygrometers), pressure (barometers), electrical
tension (electrometers) and chemical composition (eudiometers) of
the atmosphere. Nor would just one of each instrument suffice:
chronometers, barometers, eudiometers etc. by different makers or
built on different principles should be used together, their errors
and constancy compared. In terrestrial physics these instruments
now crowded out the specimen cases and collection jars of the voy-
aging naturalist.

In short, Humboldt’s enterprise demanded a new type of natu-
ralist: the naturalist as ‘physicist’. In his 1805 Essai sur la géo-
graphie des plantes (Paris, 1807), the introductory volume to the
results of the entire American voyage, Humboldt contrasted the
botaniste nomenclateur, interested only in the individual structures
which distinguish species and genera from one another, with the
‘higher, philosophical aims’ of the botaniste physicien, concerned
with the geographical relations of plants to one another and to the
geographical variation of other physical parameters. The former
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concerns were essential, but necessarily preliminary to the latter.
Admiration of the ingenuity and variety of the organic structures
of an individual or species was to be replaced with admiration for
the great laws evidenced in their distribution over the earth. ‘We
have botanists, we have mineralogists, but we have no physicists,
of the type demanded by [Francis Bacon’s] Sylva Sylvarum’, he
wrote to his banker, explaining his imminent departure for
Spanish America in June 1799 by invoking Bacon’s exemplary
natural history, just as his Humboldtian successors would do. ‘My
single true purpose is to investigate the confluence and interweav-
ing of all physical forces’.* He was pressing the collecting and
classifying activities of the field naturalist into the service of terres-
trial physics, a master-science, the object of which was the ‘mutual
interaction of physical forces’.’

This new framework for the sciences is nowhere more graphi-
cally clear than in Humboldt’'s Tableau physique des Andes
(‘Physical Profile of the Andes’) (Figure 17.1). Complementing his
manifesto for a plant geography, with which it was published in
1807, the Physical Profile was Humboldt’s attempt to summarize
the results of his American expedition in a single table, six times
the size of the quarto volume within which it was folded. Twenty-
one scales framed a schematic portrait of the Andes near the
equator, represented by Chimborazo, in present-day Ecuador, then
thought to be the highest peak in the world; four of the scales
counted elevation in meters and Parisian toises, while the other sev-
enteen recorded parameters like the electrical tension and chemical
composition of the atmosphere, the nature of rock formations and
type of soil, humidity, the refractive power of the air, the intensity
of light, the force of gravity, and more, all as they varied with
elevation. On the portrait itself were arranged the names of plant
species and ‘vegetational regions’ as they occurred along the flank
of the mountain, and for an extra ten francs the hand-coloured
edition would illustrate the gradual change in the green of the vege-
tation and the blue of the sky.

What justified this extraordinary compilation was Humboldt’s
belief in a ‘general equilibrium’ of forces:

The general equilibrium which reigns amongst disturbances and apparent
turmoil, is the result of an infinity of mechanical forces and chemical
attractions balancing each other out. Even if each series of facts must
be considered separately to identify a particular law, the study of nature,
which is the greatest problem of general physics [la physique générale],
requires the congress of all the forms of knowledge which deal with the
modifications of matter.®

Out of the juxtaposition of so many measurements, ‘Nature’ itself
was supposed to emerge, as a dynamic equilibrium of forces. This
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equilibrium derived not from a mathematically demonstrable bal-
ance of forces, like Laplace’s self-regulating world system, but
from the sheer number of forces acting simultaneously and varying
globally; the lawfulness of Humboldt’s ‘Nature’ was born of ‘infin-
ity’ and complexity, not of mechanism. The greater the number
of forces observed and accurately measured, and the greater the
extent of the earth’s surface such measurements covered, the more
fully would the order of Nature emerge.’

‘Modern physics’, balances, and the history of
the earth

Humboldt’s insistence on the ‘co-operation’ or ‘equilibrium’ born
of the ‘mutual struggle’ of physical forces, which formed the chief
object of a ‘congress’ of all the natural sciences, had two, inter-
related sources. The first was a lifelong devotion to a liberal, secu-
lar ideal of progress and the progressiveness of history, the con-
structive ‘ebb and flood’ of peoples and cultures as well as forces
and fluids. The second, which gave the first concrete and practical
form, was his encounter with the anti-phlogistic chemistry of
Antoine-Laurent Lavoisier and the geognosy of Abraham Gottlob
Werner at the Royal Saxon School of Mines in Freiberg, where
during the summer and winter of 1791-2 Humboldt prepared him-
self for his commission in Prussia’s Department of Mines.

What so excited Humboldt about Lavoisier’s Traité élémentaire
de chimie (1789), which he read thrice over in 1791, was its analytic
‘chain of reasoning’: in the very language Lavoisier proposed, one
could see elementary substances condensing and evaporating as
they entered into various combinations, determined by the play of
chemical affinities and the temperature of the system, as detected
by the precision balance.® German debates over the status and
existence of Lavoisier’s new substances led Humboldt to suggest
to G. C. Lichtenberg, Professor of Experimental Physics at Got-
tingen, that natural science as a whole required a general, meta-
physical critique, one that would establish Lavoisier’s ‘reasoning’ —
the use of the balance to detect subtle matters which enter into
manifold combinations with one another, are fixed and unfixed, in
large part due to their greater or lesser admixture with caloric fluid
[Warmestoff], or heat — as the general philosophical foundation of
physical science. ‘In any science unable to reach pure knowledge,
we can seek certainty to the extent that its concepts can be con-
structed. Any science to which quantitative reasoning cannot be
applied fluctuates ... Ought a chemistry ever go beyond the
ponderable?”

Humboldt eagerly applied the principles of what he saw
as ‘modern physics’ to improving Prussian industry. A new
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Figure 17.1 Measurements
and observations from the
‘Physical Profile of the Andes
and Surrounding Country’
(1807), the engraving
intended to accompany
Humboldt’s ‘Essay on the
Geography of Plants, with a
Physical Profile of the
Tropics’ (1805). The
‘Physical Profile’ summarized
the results of Humboldt’s
1799-1804 expedition from
the perspective of a
terrestrial physics. The
columns, which frame the
profile of the Andes,
exemplify the collaboration
of mathematical theory and
precise observation of the
widest possible array of
physical variables, which
characterized Humboldtian
science. Humboldt’s
measurements of atmospheric
refraction were corrected by
J.-B.-]. Delambre, chief
astronomer at the Bureau of
Longitudes in Paris; precise
elevations were calculated
from the barometric
measurements of Humboldt
and others by Marie Riche
de Prony, geometer and
engineer at the Paris School
of Roads and Bridges, using
a formula from Laplace;
Humboldt’s observations of
the hygrometer were
converted into humidities by
J.-L. Gay-Lussac, a young
chemist at the Polytechnic;
J.-B. Biot reduced
Humboldt’s observations of
solar intensity to a uniform
scale, using a formula from
Laplace.

; IDISTANCE " £ - 2 7|PRESSION
. Tavt |otaguete fr HAU TEUR'S |otyomings | COLTURE fsmyrnr | ASPECT [ iamitite | g inir |,
EemeLel 0 | Montagues ; U SoL de le du de1Air [ECHEL
. MESUREES . : B
encprimete|ont vasiblec> o (edon Ciel azwré | puprime’ pheriq
N emecondes| wr mer, en elom 1ok redon-| coprine \en Dogres de nce? o
s dioi™ e fot » It hantonr di | 07 clebation au - \&es Osallae- | cxpren &’ apre
i ; Ve ons di mié o degres e [Hyg‘rometre Jaut: B,
| METRES. affe /(IM(C/ CGouches. | desus deNeears me Pendile | o * nhaut: Baro-| TOTISE
Fomper 07| dele '] de lo Mer- diny  [CROETE uﬂ melriques.
epractin. pU GLOBE. le Vinde . aalure -
Elepation des penis muage
(moutons)
400¢
Bar. 0" 300038
N (133436)
@ 7500 "d; haut-
gy a6,
00880638 Bar 0732035,
@ jooo™ (14356:)
;;mu:,(ﬁ.;r 3500
Beaucoup S
Phénoménes
3435
Gine d Chamborazo Gigy | Jummeux.. "; }; ‘;,3;
(3358 en relducnt l baseme - 3 G500 ™ dehant]
uret e nives o {Dcanpar g’
Uy firrade barometigue de A0 Honyue doboer| Y1
L ree. pations.
6ooodl 907, | 29763 i ok
Gume i Cayambe $95¢"/3055) 90005804 ayenne de L, Bar 0'345/; 7.
Cine & Antihas 997 (2003) | B figplons - " o raager y | (0495 ) || Fooo
Gime e Cotopani 5753 /2052 ¢ ottt & Gooo ®dehamt:
| p wid-dessous do | TPy =62
Cane v Mone S Elie 5513 ™
6500 226450 | lbro) g s gt | TGt | et
Gime. :ﬁ«Popn\zitpele‘ 887 Dntentle mo- o 1173k4g)
ferty rede 153 s
ot 7 - Baslaraz) yonredead’\ ont 207 7. "“‘" e Aot iy
Tomyp oipp.-3,0
Sooo it 20872 | 225470 \?ﬂcmlk Tangurahaa gas8/" | /mt:?)z
i/Zr’;k Ruca-Pihincha 4058 ’1;: Zflﬁm - 3 Sosomdspau: || 2500
MotBlnc 2757 (250.) | T ,M""’"‘ Pl do Culuare g gy st
oo 228480 vt dupositi” nlﬂidy{::dh[m:u, PO de 346 100° o ofigasss
Finflerahorn 3627 (:238¢) | v ngoafs" | o Brebis, deac Intenstemo.|  Bumidite> (1074 55.)
o,.,h,m/m, @ Buanaavelic] Banfi et dea > ede 387 3 wioomde hat,
43007 (5228 i/v‘/mda/we.k (ipree. S T mayenne gt | 1 ” ﬂ,,ﬂ
’lmm(;{mudma it guoi™ [
4000 o i PP
“770 | 272560 Grol Glaker i ot 3405 90036936 Aor ofrgra;
@ go00™ &S 1/0/ 2000
A 000™ dohanl.
Lrplocions 60| Pomme de terre i‘;«o a;yn*;&
,;ﬂ,,,, Mcspampa 3557 ””7"""’,’”&“ Oltsco. Tropawotum . o 513 100
3500 2¢100 A it 18 37 o | Ao Sagt
faia g | e Gouctee It Humidter |7 05
o 11y T /,713 oy Lisir-vorisree | Pas de Eromentau yenmede3s® Sdson it
du Sol sorvent | ol de 8300 ™ N mayenne 65¢ g /’”':‘
D T da b cipoar long = o Tinp oy
we’) s chaggeér |
Jooo ll 13275 | 22 94, e e ”
TR Watimann 2047 (i50q*) | Blertncite” 4982708 ‘7";,:{; f‘:f‘}" Y
Canigouzzi® ig27¢) | el ) | Mo dEwropeTi- 33000 M
S.Gothard (mmb Petie | e g | ! Forideum Ave- N Tomp-sugp™ s
2722 (1397 %) ot na. (enapodime . onsh o 54° & 100°
5 i o, 24 30% | Y
2000 L7840 | Linie e dssmesyis s b guanoa. Hay. Fatute ntencite'mo- | Humidites | P 257073
b el Kaaton | P Sgaam | coton. Un e dedund (263 05)
lagrite il | Juglans Pommes S T | rpyenre 72 | 3 ﬂw""hf
Couche de it g 3. 7ae. | lomyers |l Boclanes g amp gy 47
rue en Savye 4887 [n38 Y )
2000 1L sgg74 | 17 5960 | FeotgehNont Cns 206 cmes) 99960468 Bar o Go50r
fiat ) ” Povom Taisp g || 1000
Mone dOr 186 /)68%) ﬁﬁﬁ[z% 4 2000/t
deucrem - | Zogp-son™20t0
I o - :‘:ﬁ:;;{‘mm”# 17 370 e B o] 6415,
5 o ber | 47 it . Aok Rdke 220
1500 17 3820 Puv de Dome 14777 /7 58¢) /:W : o Intensidemo.|  Hunedete) Titeh2g)
’ i oo | futs . S| e 85| ol
Vefare 11087 (6154)em1793;} tout 3 heures 2| o r— ? Linppp s
mass gou™f509%) rirboS i Lo bt - g
vian Tz . g
1000 ff 26757 | 121280 | Brocken aullirs 10637/545%) | nation duvolel] P rad "’(3‘;’, f’f’,’f‘ S00
Volean dBekla 1037 (5204 " | Rendintplace - | iy, Indigo,Cacao) S e d
curs fewres d 000, E St
o 12t e, (oton, Mays, Zmpsuyp. 2%6.
’ ) ftrapha, Banancec de 657 100
il o) | e S desdiase | OV ot
doo o7 7980 Zﬂ”flmlw f [Evclavee Wfiine ateni'mo-| Humitter |30
. i enne de18? o | 4 J000 "t frnd
Kinekulle, une s hauteo M- ,:""WW - "”Z"’,’ ror ba? ‘ meyenne 86 | T nppiago.
tognes o U i 3067 (2579 | " pagplec cinloes e
3 Europe) - | B 076202
o fl 4776 | 570000 10000000 (374 80.) |l o
i 7 | awnsier e dmer
Tp o' 2573
500 fgm,&,.,
foromebiuce
M//a,;waz;;b
Tomioature mo-
Yerne quindigue
chelle thermo- 00
elrgue.




Humboldtian science

293

it dea223

i HAUTEUR DEGRES :
RAT , vrnsiTE
r 0N 7
oo, ¢ VA Jourostrion dela ECHELLE | g iwu VUE S oty
dddiperces haw | CrIMIQUE . i des Animanx Lunnire (ECHELLE|
" L o te mferieure | . boullante 5 daner Liver i
P .
e oo ler , dela felon la hauteur 3 difcrentes ’ . en
. trmiumum. | M0PAE | Nei Y da fol 0l o D
METRES] " [ eige perpetuell .. hauteurs. / COLOY U  |naigonr
tuThermom? | regue . o dufsbentes | Q08 babirent. R wmté' von | TOISES
. ! crmometre | [ ibenate o
B latitades . cendgrade. done e Find
T
La nature dec Rochos paraitenocncrel
ndipendante des i inces de lattude ot
de fauteur. Mazis en ne coneaclerant-guc-
e pette partee di Globe,on decouere yue
dane chague repon Lordve dosuparpo
wthon des roches, linclnadson ctla i -
. rzatm-{akwv wuches ond ele' determe -
el par un gystéme de forees parbeu
ler.On reconnit-guil arscte de certus-
g
e lous docalee celon les guellee « ot
b%m formations au desus da
Lo ﬂ@mmr <uaturdes, precntent:
il fous les comes los plas cloveis etles
plainor to pl ciendce t Globe dppuie
0%t 45’ (fm&/-a-rm/kurl.ﬂlrl;d’
terre, les montagnes excidentla huutar
2 3855 L 4
150" Lew abacsement vers oo piles
st apendon pas bis consudeable;cr
Faubeudlante | pue e g0t les 45°ctlos 60 ° de latrtn-
a ,7’ o de bor on @ trowve’ des Cones de gr00™
(62 6R) | ctmeme de 8500 d loiation 02,9164 |} 3500t
Bar o $20. | Los Plawer syuatorsalos aucotraive.
6500 celles contennse entre la pente oreentule -
Tas dEaes deodndac ct-los citee S Briodveur o0
arganncs lewee de bomg, nontpas 70™ a 200 de
Biguoas o9 ewr au-desous o nuveae de {Oecion.
. ,;.5 e iop s au ol Toutes log pormations e Lim a e
000 ¢ . vertes sur le recte du Globe, ve bowent
utre . i Eaa bowllante | 7 4
e Tetative Laiv etind delins bl | o aoae (Eguatear- Lear ancen-
o gt e Negge: contiens~. Le Condor doe tndes. | (645 8R) 2t rilateve, gue se mapefcte dans lor-| 9047 3000
podintpe] o punttEs | . 7. g | gulies machs | B o7 S8 ewrstsaiavaic oo I
wlan s e oine at e | et la b e dans los 2ones ton -
8500 |f rustdre - m/{ﬁmyw phins oolyeant duns preveis - Leo. g antee, g ver vent de base
sourde ot | i les aur, peatsitre cle - s Gess, au yente, e Seete miccace's
54.15:"kTﬁ{r- danc los hautes reb em cve Repona cta Sehele promtf leg formations se-
momiemonte Z:mm, - loe couram e~ condaures, dews degr e, dews de Gypoe
ey ;planes. cttroue de Roches culaures,offfont dovt>
So00 M la prosi- cendans Eawboullante | exemnples Jragpants de ludentte’ de
st nutdes Fl - | Netge /a,: gou: G Basy | stuctae puripne dine oo purts s
1'7 b 7 zwgn:gd »ﬁﬁ"fﬂ' Gt e Hyognes des Gua| (570 7R) |l losgnee d Globe. Ly firmateon 08922 Yf 2500
mﬂ :‘"’3‘ L‘"”;&m pol ‘;": ./"" naco, doc dfpaca x| Bar’ o™ gab. | problenatipue des Busales, deo- fygal
4500 || T5em) 7 | e tcton, .| £ e 2aratiis de2 | bandec nombreusear ider, tes Bochs ampliboliguc et dee
SR, M' 7 e perp uelle Lonphyres @ base dobsidicnne et de Pe-
Htombedela | i G | ous lec 10"t bor Luclyues Ours. G - re perléc (Porlotenec trowe gparce
te 1 Ymatrs
artge ar. dg’”;” o | dor: Faucome Copromat: warli haute crite dec Andes, comme olle
4100 ™ 3800 atae Plus depouscons /urm«/k Lo hantes chanes de (B -
4000 i o lace.
Ean bowllante /’arl/u s, pﬁﬂwﬂm«/ geologiquear
de o & 20° Dee Lama . a 882 gud sont par v aws Regions dgual 0,8787 YL 2000
Température cauages & lapente> (700 6R) | loruales du nowvean Continent, om dows. ‘
wore o | Lo st | Mg .’;"’m”m' e oo | B 74 | cter s tont Uipassscar s coches &
3500 || (oun Do | 1555 ‘:/‘d"" ) | rive Lopieure la grande hatews s baguelle o dévn-
AT o | ot e | hr e G v Lo for matins poste s G
et | ar ol G Lepesttaon 0ot wite . En Furope e Grate restpusaoe|
s ” rugue cstmom:| o Collre’ Plue dea vertpar dautres Roches dapuss 3300™
Pafows de il | e fe deee ml. u‘:f"ufzrffﬁ-' [ 4700 " dur Ander on e le vortpas -
3000 Zm onne> | Gy oo de penet Ena boullne | 4544 e 35007 Les G Lol -
R i autear . P e | et dustbosnt dintiploritone | iy M s0q
le %2 3 2377 | dAydroginca ra mapurdo B - (730 ok bequel Liamphabole abondequestdgour-| ™
emperatare | 7000 delcnat Ui Ggrina Grands | 7% :a:f cudeuars et-gue guelyus Mocalogns -
moyeane 837 | % 70T Cofs Palamedes 66~ | taenygarident conome, ,w,/m Lt
00 - (1srm.) ner Nage perpetuclle saus | punosa . Abondance: comme alteré par e fi voloaragueDes
e s (o450 de latitade bor | do Camards et delPln- Lirmations de Grie ce trowent.s Huan -
Gréle trée abon 2500 ™fi2821)
dante. Brume o Pprentts s 1¢qin| I Peaucoup Lo cavelia & 4500"Le Charbon de terve ce
Poeipuenter en et poue. (Bl Hum) dibvuore pric de Buaruco it ggo0™ de
rou ||t e o oo ol Sutrur Lee plance de Bogot, 2708
e 1830 ™t la ey Bauboudlante | 239007 sontcnwertes de Gris,delier
Montagnes de'- o3 | e closuree secomdires, de Gyp
de1a?5 a 3o° ase 3108 ™ Phena- | Petete Ceppi [ Coro “( byl ; ) ,d;/;uf s ;‘” ;"f ‘Z;‘ e 0dg78 pioce
denls b rasre dos i | Leats Gl (7 e el gamme Des Cogualles pelysfiiée ve
Ll ”““‘)’“P” s T - R am fa bvlw:ll(m.bnlzt uuv{u.mt '{/‘wﬂ"
Lemperawre 7 duans los Lones - r -
moyenne 13 dans le Lot W | g Fols pordils. (m[m'p( i o appas vt deose
1500 R Quebyues Singes Alou- e 3500T)
Grile assenra| Lt atmos - atee. Trowpral (Oriolug) Le Sol du Royaume de Quito contient
ericdoovent | PR O | S [fv,‘w,- (oluber cocein Pas de- & 2500™de hautewr denormes osse-
e /;;r;" ;::7«;: on o & :/ Boapac deCrocodi Do :;Z.mu,/wm dont Liopiee prarace
Wy enc.0.7 07 " coup delDugues (P pect) lebudte .
1000 dfiwéf;zv s 2T ] Bauboullante | Leg Grée de Cuenca ont 1560 "dipaur| 5, 8309 L 500
. ;«M« feer singen Sagpgpouebllow | & 071 | vew , ang formatwn de Quars & Loust N
1895 3854 | dk asrbomgue. | 4 o ‘k.,w“‘ e | ate SsgarBleance) | (1797 ) | decaamarat n a 1900
Ferapekatave | Lo mazonion Tirenaur Luon (Felie am- s
P Lo worenti- o oma epibare Bo- Bar o 670.| L Cordllire dev Andes prisente
% 2y
Soo {7, ;5;3 one neparut: rescen: Fourmille G plas de 5o Vil el dont e
(m2ak) | e dredilecfrins- gues ans vont oggrice do le mer Lo
Pae de Grile | rilhione dsey Tt rae dmpelis Bos. 37.a g0 lwwes marmes ot dont le?
Ledable vou- | gine. Crocodile Lomentin Ela ple leveis o s plas 1ipfpin & par
vent & 22 Neige perpeluellesows | tor uontrl Mosguto - les /!,mu ne vomssord paw de lave
N 75 °de tatindebor | [ 00v6 Homan) e boulant coulantee, mare dew Pusses, poncconis | 4103,
PR - (;:1:) Obsidinne, des Porpliyres ol des B[ | ©
lnougficr pr Jtan Cintei i o woifho waltes ccorif ek el ser-toul e LB ol
Y S g | 2 070 ot trre urbusci duns Loy
Tere s o e vuvent enveloppe wn poson
Soo | ust e e e e Dermestie gun Puanelodus C ycopuns )
protondens des rvnggont e plantes X
o lamer et trvamee
3700 La Tonpr
J(Imlrnml e
Globeparatom|
e parit oo oo




294 Michael Dettelbach

understanding of the role of ‘caloric’ in evaporation and dissolution
enabled Humboldt to classify substances as insulators or conduc-
tors, and then reform the construction of salt pans. In the Freiberg
Bergmannisches Journal (‘Miner’s Journal’), Humboldt published
tables of ‘heat-conducting force’ for quick, practical reference and
published a simplified, Lavoisian account of combustion, ‘suf-
ficient for the technician’.'® Steel production might be rationalized:
‘Had the weight [of furnace products] been measured from the
beginning of experiments with iron . . . pig iron would have been
distinguished from carbonized steel, as amalgam and silver are dis-
tinguished, and fewer confusions in iron manufacture would have
occurred.’™

Humboldt also developed several machines of his own to track
the combinations of subtle matters, in effect balances, like his
eudiometer, which precisely indicated the evolution and absorption
of gases and their more or less intimate combination through the
displacement of water. By demonstrating that ‘the irritability or
tone of the [living] fibre only depends upon the reciprocal balance
between all the elements of the fibre, azote, hydrogen, carbon,
oxygen, sulphur, phosphorus etc.”, Humboldt made muscle tissue
serve as a chemical balance, its sensitivity varying with the ‘irrita-
bility’ of the fibre."? It was in this context that he first staked his
claim to a ‘terrestrial physics’, in a 1796 letter ‘on the chemical
process of vitality’ read before the National Institute in Paris and
soon published in the Paris weeklies."

The generality of Lavoisian analysis made it not only the general
principle of reform, but the general, rational principle for con-
structing an earth history. Even before his encounter with Freiberg
and Lavoisier, Humboldt had come to the conclusion that the ulti-
mate task of natural philosophy was to develop a history of nature,
a secular cosmogony. The speculative cosmology he published in
1799 was advertised as ‘an attempt to apply the principles of
modern physics to geognosy’. For a long period, everything con-
duced to raise the temperature at the earth’s surface: out of an
original gaseous or aqueous solution the primitive rocks began to
crystallize, giving up their heat to the surrounding medium, pro-
ducing evaporation and further crystallization, and so on. Some of
this heat went towards developing and expanding the atmosphere,
which itself added to the temperature of the earth through its
pressure, and the resulting climate made it possible for life to
develop everywhere in tropical form and abundance. Eventually,
the expansion of the atmosphere and the evolution of heat from
crystallization ‘reached an equilibrium, towards which they had
long striven in vain’. As the atmosphere and the earth cooled, life
retreated to the tropics, maintained by the sun’s rather than the
earth’s own warmth. The principles of ‘modern physics’,



Humboldtian science

295

Humboldt emphasized, could thereby account for the dramatic
change in climate indicated by fossil remains without resorting to
extraordinary hypotheses, like the impact of an errant comet or a
calamitous shift in the earth’s axis. The equilibria of caloric and
fluids that grounded the history of the earth were philosophically
an extension of the grand celestial equilibrium proved by ‘the most
profound analysts of our age, La Place and La Grange, [who] have
calculated that the changes in the angle of the ecliptic maintain a
cycle which never exceeds 1°21’ (as a result of the composite grav-

ity of the planets)’."

Lines, types, and means as forms of equilibrium

The ‘general equilibrium’ studied by terrestrial physics was just the
present-day manifestation of the conflict and equilibrium of forces
which generated the history of the planet. That history left its traces,
Humboldt thought, in continuous global distributions of heat, mag-
netism, rock formations, vegetational forms, even the elevation of
the earth’s surface itself. Humboldt developed and promoted a
technique of realizing that physical continuity graphically, with
isometric lines. Perhaps the most renowned of these lines is the
isothermal line: the annual isotherm connects points at sea-level
which experience the same mean annual temperature (Figure 17.2).
The sinuous pattern of isothermal lines on the map was the result
of the simultaneous action of global causes acting locally.

Temperature and magnetism are not like those phenomena which, derived
from a single cause or a central force, can be freed of the influence of
disturbing causes by restricting attention to the mean results of a great
number of observations, in which these foreign effects reciprocally
counteract and destroy one another. The distribution of heat, like the
declination and inclination of the compass needle or the intensity of
magnetic force, is essentially conditioned by location, composition of the
soil, by the proper ability of the earth’s surface to radiate heat."

Isothermal lines therefore preserved local peculiarities within a
general regularity, which might one day supply the ‘numerical
laws’ of meteorology. ‘It will become clear’, Humboldt wrote in
a manuscript note, ‘that the state of heat is subject to inequalities
contained within narrow limits and that, like the planetary system,
it “only oscillates around a mean state, from which it never devi-
ates by more than very slight quantities” (Laplace, Expos. p. 20).’'
As in Humboldt’s speculative earth history, Laplace’s classic dem-
onstration of celestial equilibration, his Exposition du Systéme du
monde (1796), supplied a model of the way in which global order
emerged from local conflict. Physique du monde was Humboldt’s
version of the systéeme du monde.
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Figure 17.2 ‘Map of isothermal lines’, from Annales de chimie et de physique, 5
(1817). On the upper map, lines trace equal annual mean temperatures
(isotherms) at the earth’s surface, between Asia and the east coast of America;
mean winter and summer temperatures for specific locations are placed along the
lines, illustrating the variation in annual temperature distributions that can exist
along a single isothermal line, and indicating the effect of the shapes of
landmasses and coastlines. Despite the variations a lawful and regular sinuosity is
observed. The lower graph represents isothermal lines as a function of elevation
above sea-level at different latitudes.

The very surface of the earth’s crust could be made to yield order
in the same fashion. Humboldt promoted the use of barometric
surveys (nivellements barometriques) and the construction of topo-
graphic maps. With these tools the ‘physicist’ could calculate ‘the
mean elevation of continents’ and draw ‘normal surfaces’ — hori-
zontal planes that defined, for a given extent of territory, the surface
of mean elevation. Using such calculations and surfaces Humboldt
showed graphically that mountain chains, for all that their elevated
summits attracted ‘the common curiosity’, actually had little in-
fluence on the mean elevation of a large landmass; that rather it
is ‘those gently undulating plains with alternating slopes’ which



Humboldtian science

297

most determined a territory’s normal surface. (Calculations under-
taken with the French geologist Elie de Beaumont, for instance,
showed that the Pyrenees contributed at most 108 German feet to
the mean elevation of France, 816 feet.)"” Such measurements and
maps enabled the terrestrial physicist to reveal natural order in the
earth’s topography where before only disorder was apparent, per-
petuated by the mystifications of geographers who employed the
‘hieroglyphic method’, representing mountains symbolically and
placing little hills around every watershed like ‘superstitious Mon-
golian priests who erect cairns at every parting of the waters’.

We always begin with what most strikes the imagination, and before we
realized that climatology required the exact knowledge of mean tempera-
tures, we preferred knowledge of the extremes which heat attains acciden-
tally at several points on the globe. The polyhedral form of the surface
of our planet offers striking analogies over vast areas: it is the undulations
of the plains and plateaux that principally influence the state of agriculture
among a people, the heat and humidity of the air; it is the task of
the physicist [physicien] to contemplate whatever is constant among the
physiognomical traits of each continent.'®

Before the concepts and techniques of isometric mapping became
widespread, and before attention was drawn away from accidental
extremes to the mean and the normal, fundamental aspects of the
natural and social order were obscured. By revealing analogies and
typical physiognomies of climate and landscape, the ‘physicist’ dis-
pelled the confusion.

The same concept of how order emerged from the conflict of
forces and from a mass of data informed Humboldt’s plans for a
plant geography.

Plant geography can be considered part of terrestrial physics. If the laws
which nature has followed in the distribution of vegetable forms are
more complicated than they first appeared, we are no less obligated to
submit them to exact investigations. We did not stop making maps when
we ran up against the sinuousness of rivers and the irregularity of
coastlines. The laws of magnetism manifested themselves as soon as we
began to trace lines of equal declination and inclination and to compare
a great number of observations that at first appeared contradictory.
We would be forgetting the path by which the physical sciences were
progressively raised to certain results, if we believed that it is not yet
time to seek the numerical elements of the geography of plants.”

Humboldt had been writing programmes for a plant geography
since the early 1790s as a path to a history of nature, and had used
the new science (‘which exists in name only’) to introduce terres-
trial physics as a whole (1805), but only in the ‘prolegomena’ to
the botanical results of his American voyage (1817) did he begin
to subject plant geography to quantitative, isometric treatment.”
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By tabulating the fraction of the total number of phanerogamic
plant species present in a given climatic and geographical region
comprised by the species of each of the seventeen natural families
(‘groups based on analogy of forms’), lines could be traced that
defined ‘maxima of concentration’ for each family; Humboldt pre-
dicted that such lines would approximate the earth’s isothermal
patterns. In the absence of sufficiently complete catalogues of the
flora of specific regions, which recorded not just the names of
specimens collected, but their position and elevation and the
geology of their habitat — catalogues compiled by botanistes
physiciens — the order manifest in the distribution of vegetational
forms would remain sketchy and provisional. None the less,

as in all other phenomena of the physical universe, so in the distribution
of organic beings: amidst the apparent disorder which seems to result from
the influence of a multitude of local causes, the unchanging laws of nature
become evident as soon as one surveys an extensive territory, or uses a
mass of facts in which the partial disturbances compensate one another.?!

These were not orders and equilibria that depended on theoretical
discoveries or mathematical laws. For Humboldt, nature’s law-
fulness emerged gradually and progressively from laborious
observing, averaging, and mapping over increasingly extended areas.
Indeed, for Humboldt, averaging itself was the paradigm of lawful
behaviour, and mean values were ‘the final object, the expression
of physical laws; they show us the constant amidst the flux and
flight of phenomena’.”> Isometric lines were a product of averaging
and interpolation, connecting well-observed points literally by draw-
ing lines between them on a map. That a continuous line connecting
mean values on the earth’s surface could be drawn was as little
obvious as the very existence of mean values, as Humboldt’s own
struggles to define and group ‘mean daily temperatures’ show. Draw-
ing those lines constituted an act of faith in both the physical
‘co-operation of forces’ and in the emergence of global order out of
local averages. The lines themselves, which recorded local, physical
quantities, rather than mathematical expressions of them, were the
principal manifestation of nature’s order; Humboldt even offered
the editors of the Dictionnaire des sciences naturelles an entire article
on ‘Lines’, in an effort to promote terrestrial physics.*

Thus lines, and the notion of equilibrium they embodied, pre-
scribed a particular organization and dynamic of science, a particular
notion of how terrestrial physics progressed. Order emerged from
the landscape, so to speak, in a process of territorial expansion; under
the regime of terrestrial physics, natural philosophy progressed
with the gradual extension of precise, disciplined measurement, the
spread of mean values over an accurate map. The type of enterprise
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which could establish and track natural equilibria was an organized
network of observers, or better, corresponding physical observato-
ries, dispersed over large expanses of the earth’s surface, using
comparable instruments and standard protocols. In this sense, ter-
restrial physics was natural history conducted in an observatory.

Mean values and the lines which expressed them guaranteed
another kind of order: they gave an exact, physical account of the
sensitive layman’s intuitions of Nature’s constancy, in terms of the
‘co-operation of physical forces’. Each mean value is irreducibly
historical, local, and characteristic, and yet attached to an identifiable
‘type’ to which it is bound within fixed limits. Sober, accurate, and
global measurement of the proper quantities led to recognition of
unity and order, ‘analogies’ between distant climates, vegetations,
topographies, even cultures. Steppes and deserts are analogous
phenomena which occur in all climates, on every continent; the
fluctuations of isovegetational lines determine a limited number of
vegetational types, which vary within strict limits. “The characteristic
traits of nations are like the internal structures of plants, spread
across the earth’s surface. Everywhere, one sees the stamp of a
primitive type, despite the differences produced by the nature of
the climate, the soil, and the combination of several accidental
causes.’** Nature effected this conservation of type, in anthropology
and philology as in geognosy, plant geography, and climatology,
through mutual compensation. Humboldt demonstrated ‘algebraic-
ally’ that in the Peruvian Andes a stratum of sandstone replaces the
stratum of porphyry-schist found in the Italian Alps (according to
the principle of the identity of strata or independence of formation);
that the relative abundance of genera represented in Arctic flora is
replaced by an abundance of species within comparatively few genera
at the equator; that along a single isothermal line ‘extreme’ and
‘moderate’ climates can be distinguished; ‘that the distribution of
annual heat between winter and summer follows a definite type
[Typus] along each isothermal line; that the deviations from the type
are confined to certain limits and that they are subject to one and
the same law in the zones which cross the concave or convex summits
of the isothermal lines’.” This may seem to share in the general
mania for comparative morphology, a Romantic ‘organicism’, typi-
fied usually by Goethe and Cuvier. In Humboldt’s ‘physics’, how-
ever, the conservation of type was not a governing heuristic principle
but an empirical result, a consequence of Nature’s regularity that
connected the numerical equilibration of physical forces with the
aesthetic sensibilities of the ‘cultivated individual’.
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The progress of civilization and the appeal of
Humboldtian science

In the crucial period which saw the emergence of natural science
out of natural philosophy, in the first decades of the nineteenth
century, Humboldt developed and promoted a comprehensive sci-
ence (a physics), which associated the separate branches of natural
philosophy under a dynamic equilibrium model of natural order
and developed the concepts and techniques for realizing that order.
‘Average’ and ‘mean’ supplied physical-mathematical, organiz-
ational, and aesthetic concepts of how order and equilibrium pro-
gressively emerged from apparent conflict. Under the aegis of ‘gen-
eral equilibrium’, ‘terrestrial physics’ gave a unified identity to
natural philosophy, demonstrated how its parts might be placed
in service of global historical progress, and made natural philo-
sophy the privileged custodian and anchor of order.

Humboldt’s project attracted a broad spectrum of participants
and informants stationed around the world. The lengthy notes to
successive editions of his Ansichten der Natur (‘Views of Nature’)
(1808, 1826, 1849) and to Kosmos (1845-62) record the personal
communication of observations from French naval officers, East
India Company physicians, Russian provincial administrators,
Spanish military commanders, and German diplomats, among
others; the Humboldt NachlaB in Berlin preserves many fragments
of those communications, cannibalized by Humboldt and often left
without name or date, many of them apparently unsolicited. An
admiring Charles Darwin sent observations of atmospheric re-
fraction, excerpted from Captain Fitzroy’s logbook, from aboard
HMS Beagle in 1833.%° Francis Beaufort, soon to become chief
hydrographer to the British Admiralty, expressed himself nobly
and typically on the occasion of conveying measurements of horary
barometric variations in 1826: ‘I dare not flatter myself that these
ambulatory observations can be of much service — but the endeav-
our to contribute to the stock of facts, which you already possess
on this interesting subject, should be considered as a public duty
by every body — and your acceptance of them will be felt as a
personal honor.’”’

Beaufort’s sentiments and the sheer extent of participation in
Humboldt’s grand equilibrium, especially by colonial officials and
bureaucrats, suggest that as a programme for the organization and
progress of science, terrestrial physics served Europe’s ‘civilizing
mission’. Humboldt’s informants joined Helen Maria Williams,
Humboldt’s first English translator, in the ‘sympathy’ aroused by
the traveller, ‘while he imprints the first step that leads to civiliz-
ation and all its boundless blessings, along the trackless desert,
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and, struggling with the savageness of the untamed wilderness,
obtains a victory that belongs to mankind.’*® Contributing to Hum-
boldt’s lines was a philanthropic, even heroic act, as frequent
retellings and representations of Humboldt’s ascent of Chimbor-
azo, barometer in hand, made clear. To extend the reach of mean
values was to extend European civilization in its best and most
progressive aspect.

In this sense, terrestrial physics had its most direct and visible
impact on the former Spanish colonies of South and Central Amer-
ica, where violent struggles for independence between 1808 and
1825 vented previously subterranean social forces, only too appar-
ent to Humboldt during his travels. The forces of intellectual and
material commerce that were gradually eroding Madrid’s influence
in its own colonies were inseparable from the geological forces that
had riven the continent with its vast river systems: “Whoever is
master of the Orinoco easily penetrates the provinces of Cumana,
Caracas, Barinas, indeed, via the Rio Meta, all the way to Santa
Fé de Bogotd. Via this river, ideas can quickly be put into circu-
lation in South America, ideas and goods, and here, where every-
one is so hungry for cheap English goods, a muslin blouse makes
a revolution as easily as a book in France.”” For three decades
during the upheavals in Spanish America, from his study in Paris,
Humboldt was churning out volume after volume of his account
of nature and society in equatorial America. Humboldt’s natural
philosophical projects both rode and fed the wave of speculative
projects that bore European capital and travellers to Spanish Amer-
ica in increasing numbers in the first decades of the century. As
Humboldt pointed out to the Spanish colonial administration, and
to advocates of Western expansion in the new North American
republic, his terrestrial physics provided relatively cheap methods
for surveying extensive territories with sufficient accuracy for ‘poli-
tic’ administration, using barometers, chronometers, and ther-
mometers rather than strict and painfully slow geodetic methods.*
Humboldt’s political essays on Mexico and Cuba, meticulous and
voluminous compendia of statistics culled from colonial archives
and informants, his improved maps, his survey of possible sites for
a trans-isthmus canal, attracted the interest of British and French
investors, eager to exploit abandoned mines and new markets
(markets, Humboldt pointed out to his readers in 1825, which
‘have increased to 70 million piastres annually’). The Geological
Society of London published extracts from Humboldt’s Political
Essay on the Kingdom of New Spain (London, 1811) to encourage
mining ventures in Mexico. In turn, Humboldt regarded large,
government-sponsored commercial ventures as potential vehicles
for his own projects, new expeditions in India and Siberia or a
research institute in Mexico.?
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Figure 17.3 Frontispiece to
the Atlas géographique et
physique du Nouveau
Continent (Paris, 1814),
engraved by Barthelemy
Roger after a drawing by
Francois Gérard. Mercury,
god of commerce, helps the
fallen Aztec prince to his
feet, while Minerva, goddess
of letters, extends an olive
branch. The ruins of
Mexican culture, the
monuments of political
upheaval, occupy fore- and
background; they are
dominated by the most
sublime monument of
natural upheaval,
Chimborazo, the volcanic
Andean peak represented on
Humboldt’s ‘Physical profile
of the Andes’, with its
luminous and constant cap of
snow. The motto
‘Humanitas. Literae.
Fruges.’ is taken from the
Letters of Pliny the Younger
(book VIII, letter 24), where
the gifts of Greece to the
civilized nations of Europe
are enumerated: ‘Liberal
Arts, Science, Agriculture’.
The plate graces an atlas
dedicated to geographic,
hydrographic and
topographic maps, and
hypsometric profiles of large
landmasses. Humboldt’s
terrestrial physics offered
America a restoration to law
and order, via the forces of
commerce and civilization.

But the implication of terrestrial physics in the resurgence of
imperial projects in the early nineteenth century went deeper than
supplying eager projectors and governments with useful maps and
statistics. Mary Louise Pratt, supplying a perspective from the his-
tory of travel narrative, with particular attention to the function
of natural history in those narratives, has shown recently how the
‘co-operation of physical forces’ produced by terrestrial physics
provided both European and Creole societies with the tools for
‘reimagining’ America.*> Humboldt’s replacement of the botaniste
nomenclateur with the botaniste physicien, the Linnaean collector
with the physical observatory, represents both the disappearance
and apotheosis of the naturalist in a Nature constituted by
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dramatically conflicting forces, which ‘deeply impress[es] us with
a sense with a sense of her greatness’ and ‘speak[s] to us forcibly’.**
Humboldt’s own self-presentation in the Personal Narrative, and
the ideal traveller from whose perspective we enjoy the Views of
Nature, is the mere ‘vestige of a narrative persona’, overwhelmed
and replaced by forces of nature: ‘[The traveller] feels at every step
that he is . . . in the centre of the torrid zone . . . on a vast conti-
nent, where every thing is gigantic, the mountains, the rivers, and
the mass of vegetation ... He can scarcely define the various

emotions, which crowd upon his mind; he can scarcely distinguish

Figure 17.4 Humboldt in
his study in Oranienburger
StraBe, Berlin. Watercolour
by Eduard Hildebrandt,
1856; from Douglas Botting,
Humboldt and the Cosmos
(London, 1973), p. 27I.
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what most excites his admiration.”* The forces themselves supply
the narrative and the drama, and the story they tell is one of
dynamic balance, equilibrium, and progress, told by the Hum-
boldtian terrestrial physicist and his lines.

Pratt looks at Humboldt’s science as a lens through which Euro-
pean and Creole audiences could view America; but it is clear that
terrestrial physics was a means not only for reconstructing ‘the
New World’, but for reforming and renovating the Old as well.
Humboldt’s America provided a mirror in which Europe might
see itself, changed. This account of Humboldtian science, focusing
on its all-embracing concept of Nature’s lawfulness and progress-
iveness and its practical roots and realization in various mechan-
ical, chemical and graphic ‘balancing’ techniques, has the advan-
tage of preserving Cannon’s emphasis on practice while getting at
what others found useful and attractive in it. Thereby, ‘Humboldt-
ian science’ illuminates the reorganization of knowledge and disci-
plines in the early nineteenth century that defined the emergence
of natural science out of natural philosophy.
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