
The Context of the Science ���
in the 19th Century	


The creation of professional science	

and the idealization of the scientific	


way of life	




National rivalries	

•  Around 1800, students of physics and chemistry 

went to Paris, by 1850-1900 to Germany. 	

•  By 1900, the research productivity (in papers) of 

physicists was about the same in England, France, 
Germany, Holland, US and Japan. The per capita 
numbers of physicist and students were also close. 	


•  In chemistry, however, Germany was far ahead in 
terms of research, training and private jobs. 	


•  It was the German companies that established a 
clearly defined tradition of the private research 
laboratories staffed with theoretical and research 
chemists. 	




International trends	

•  Throughout the 19th century, every industrialized 

nation reformed its education system (some more than 
once).	


•  International meetings were convened to discuss 
consistency in units and standards.	


•  National institutes were established to develop 
standards and coordinate practical and theoretical work. 
This was particularly important for developing 
industries.	


•  By 1900, there was considerably international 
consensus on the problems that defined the different 
disciplines and the way to train the next generation of 
practitioners.	




Theory and practice	

•  The 19th century has sometimes been called the Age 

of Science. 	

•  By the end of the century, there was an incredible 

optimism about the power and benefit of science and 
the technologies it could produce.	


•  During the century, both chemistry and physics 
developed considerably in both theory and practice. 	


•  The driving force of theoretical physics was 
mathematics, while theoretical chemistry was still 
firmly based in laboratory practice.  	


•  These different sciences were institutionalized in 
different spaces.	




Cambridge 	

•  Throughout the century, Cambridge became a 

key training ground for British mathematical 
physicists. 	


•  In the beginning, the mathematical curriculum 
was still based on Newton’s fluctions. 	


•  In 1811, group of young mathematicians 
(Babbage, Herschel, Peacock, etc.) formed the 
Analytical Society to introduce the new French 
and Continental methods. 	




Cambridge (con’t)	

•  In the 19th century tripos system, the student went to 

lectures and read with tutors for four years in 
anticipation of nine straight days of examinations.	


•  Originally the tripos exams were oral, by the early 
part of the 19th century they were written.   	


•  The degree was granted solely on the basis of a 
successful examination.	


•  The examinations were ranked and the outcome was 
of considerable local and national interest.	




An oral exam at Cambridge	




The Cambridge written exams	




From oral to written culture	

•  The culture of the Oxbridge elite shifted from one 

based firmly in conversation and eloquence to one 
based on writing. 	


•  Wright’s tutor: at Cambridge “all things - prizes, 
scholarships, and fellowships, are bestowed, not on 
the greatest readers, but on those who, without any 
assistance, can produce the most knowledge on paper. 
You must hence forth throw aside your slate… and 
take to scribbling upon paper. You must write out all 
you read, and read and write some six to eight hours a 
day.” 	






Cambridge (con’t)	

•  The honors graduates were groups into classes: 

wranglers, senor optime and junior optime. 	

•  The wranglers were ranked by number: senor 

wrangler, second wrangler, etc.	

•  Professors would give lectures in some topics 

relating to the tripos, but the key to success in the 
examinations was a personal tutor or coach. 	


•  Likewise, the key to institutional change was 
through the examination problems. If new methods, 
and fields were to be studied, they had to be placed 
on the tripos.	




The coaching system	

•  In 19th century Cambridge, the most 

important teachers were not the professors but 
the private coaches. 	


•  The coaches (Hopkins, Routh, etc.) charged 
steep fees and drove their pupils ruthlessly. 	


•  Information about the best coaches could be 
found in the newspapers, which gave short 
biographies of the wrangles and their coaches.	




Mathematical Tripos 1870s-80s	

•  The 9 days were divided into two stages. (3 days of 

stage I, a day of easy questions from stage II, 5 days 
of stage II.)	


•  Topics from Stage I: Euclid, arithmetic, algebra, 
trigonometry, mechanics, statics, early sections of 
Principa (in Newton’s style), hydrostatics, geometric 
optics, elementary astronomy.	


•  Topics from Stage II: Theory of equations, analytical 
geometry, calculus, differential equations, probability 
(error theory), later sections of Principa (using 
modern analysis), dynamics, hydrodynamics, theory 
of sound, physical optics, waves and vibrations, 
Fourier series, heat, electricity, magnetism.    	




Göttingen	

•  Another major institution responsible for 

the rise of theoretical physics.	

•  At Göttingen the emphasis was on research, 

as opposed to education.	

•  There were philosophical seminars in both 

physics and mathematics.	

•  Researchers would work under the direction 

of the chair and present their research at the 
seminar. The atmosphere was very 
competitive.	




Reading and hiking 	

•  The Göttingen mathematicians collected a 

large mathematics library and conducted their 
seminars surrounded by books.	


•  They also had a habit of taking long hikes 
together and discussing mathematics while 
they walked.	


•  In both the seminars and on the hikes, junior 
members were encouraged to challenge the 
ideas of the senior members. Those who did 
not, were regarded as unlikely to succeed in 
the theoretical sciences. 	




The importance of theory	

•  Both of these centers were almost entirely 

theoretical. The only equipment was paper and 
pens. 	


•  Every new mathematical theory of the 19th 
and early 20th century had to pass the gauntlet 
of these centers. 	


•  In Cambridge, it had to become part of the 
tripos. In Göttingen, its problems had to 
become part of the research tradition.	




The Research Laboratory	


•  To complement this rise in theoretical 
approaches, other institutions began to place 
an increasing emphasis on practical research.	


•  At the beginning, it was primarily the 
Germans and Scots who were integrating 
teaching with research. By mid-century, the 
French and the English also began to put 
increasing emphasis on the research labs.  	




Research in France	

•  The most important research in chemistry after the 

Napoleonic period was in the private school of 
Arcueil (Laplace, Berthollet). [A lab and a journal.]	


•  In general, professors taught to large classes where the 
emphasis was on lecture presentation and rhetorical 
style.	


•  The key to a successful scientific career was based 
more on examinations than research. 	


•  By mid-century, the French had fallen behind the 
Germans, and even the English in laboratory research. 	


•  After the defeat in the Franco-Prussian war, 1871, the 
French began to reform on the German model. 	




Research in Germany 	

•  The German university focused on seminars of 

small groups of students working on specialized 
topics.  	


•  The seminars in physics and chemistry became 
the basis for adding research laboratories.	


•  The first successful example of was Liebig’s lab 
at Giessen. 	


•  In 1884, the Physikalisch-Technische 
Reichsanstalt was set up with Helmholtz as 
director.	








Liebig’s Lab	

•  Liebig was trained in Paris (under Guy-Lussac) and 

returned to Germany with the intention of starting a new 
kind of training program.	


•  Liebig’s group was key in founding the new discipline of 
organic chemistry and developing practical methods that 
could be used in industry.	


•  Liebig’s lab was the first example of a research school – 
called by Morrell a “knowledge facory.” Liebig assigned 
research topics, established technique and 
instrumentation; arranged access to publication, and 
placed his graduates in positions (academic, industry, 
government).	




Liebig’s Laboratory	




Liebig’s Influence	

•  Liebig’s potash apparatus 

was used to determine the 
carbon content of organic 
substances. It became 
symbolic of the power of 
organic chemistry.	


•  Liebig’s students filled the 
ranks of research chemists in 
Germany, GB and the US. 	


•  Liebig showed that chemistry 
could lead to material wealth 
and progress. 	


•  beliebig = any, anything.	




Industrial laboratories	

•  Chemistry was the first science to produce 

commercially viable products in the lab.	

•  The early industries that employed research 

chemists were textiles (aniline dyes), 
pharmaceuticals, agriculture, etc.	


•  The research chemists, trained in the 
universities, could also be hired into 
industrial jobs. A number of university 
professors founded their own companies.     	






Research in Great Brittan	

•  The Royal Institution was founded in 1800 with a charter 

promoting research and a small basement laboratory. 
(Davy, Faraday, etc., worked there.)	


•  When William Thompson (Lord Kelvin) started teaching 
in Glasgow, in 1845, there was no lab associated with 
natural philosophy. He annexed a nearby room and 
started using his students as lab assistants.	


•  The dissenting schools (ex., University College London) 
and provincial universities (ex., Manchester) set up 
research courses well before Oxbridge. 	


•  The Cavendish (Cambridge) was opened, in 1874, under 
the direction of J. Clerk Maxwell. It became one of the 
most important labs in the world. 	




The Lab at the Royal Institution	




Faraday at the Royal Institution	




Teaching Lab at University College	




The Cavendish	

•  The Cavendish Laboratory was established at 

Cambridge with money from the House of 
Devonshire.	


•  It was meant to train researchers in physics.	

•  The directors of the lab were chosen from the 

top ranks of British physicists (Maxwell, 
Rayleigh, J.J. Thomson, Rutherford, etc).	


•  The goal was to integrate training in research 
with a university education. To move away 
from the dominating influence of the 
mathematical tripos. 	




Maxwell on the new physics course	

•  “In a course of Experimental Physics we may 

consider either the physics or the experiments 
as the leading feature. We may either employ 
the experiments to illustrate the phenomena of 
a particular branch of Physics, or we may 
make some physical research in order to 
exemplify a particular experimental method… 
We should begin, in the lecture room, with a 
course of lectures … aided by experiments of 
illustration, and conclude, in the Laboratory, 
with a course of experiments of research.”  	




Maxwell on experiments I	

•  “Experiments of illustration may be of very 

different kinds. Some may be adaptations of the 
commonest operations of ordinary life, others 
may be carefully arranged exhibitions of some 
phenomenon which occurs only under peculiar 
circumstances… Their aim is to present some 
phenomena to the senses of the student in such 
a way that he may associate with it the 
appropriate scientific idea. When he has 
grasped this idea, the experiment which 
illustrates it has served its purpose.”	




Maxwell on experiments II	

•  “In experiments of research, on the other 

hand, this is not the principle aim… In 
experimental researches… the ultimate 
object is to measure something which we 
have already seen - to obtain a numerical 
estimate of some magnitude…	


•  Experiments of this class… are the proper 
work of a Physical Laboratory.”	










Research in Japan	

•  Tokyo University was founded in 1877 from a 

combination of existing schools. It was 
regarded as a training school for officials. 	


•  Interest in research developed slowly, mostly 
by PhDs returning from abroad. 	


•  Tokyo Meteorological Observatory, 1875.	

•  The Geological Survey Institute, 1882.	

•  Nevertheless, in the 19th century, the focus 

was almost entirely on training, not research. 	




Japanese research facilities	


•  Mendenhall and his 4 students “built 
everything with their own hands” because 
there was “no experimental equipment at all.”	


•  Yamakawa: “Unfortunately, we are are 
dependent on foreign supplies… While poorly 
equipped for work in electricity and 
magnetism, we do have equipment for optics, 
acoustics and heat studies.”	




Research in the US	

•  In the 19th century, many Americans went to 

Germany to take a PhD in a scientific field.	

•  By 1900, Americans were less enthusiastic about 

German chemistry and many completed their PhDs in 
the States. It was clear that the US research 
infrastructure was now close to parity with Europe.	

–  On the other hand, in the early 20th century, the new 

quantum mechanics brought the Brits and Americans back 
to Germany again.	


•  They returned to positions in their home countries 
bringing both the theories and methods they had 
learned abroad.	




Associations and Societies	

•  During 19th century, general associations developed to 

convene annual meetings in a different city each year 
(British Association for the Advancement of Science, 
etc., Parodied by Dickens as the British ASS). These 
meetings were important in bringing together theorists 
with practitioners and developing standards and 
measures.  	


•  Throughout the century, there was a growth in 
specialized societies (eg. Chemical Society of London 
(1841), Deutsche Physikalische Gesellschaft (1845), 
Société Chimique de Paris (1857), Deutsch Chemische 
Gesellschaft (1867), American Chemical Society 
(1871), Société Française de Physique (1873), Physics 
Society of London (1874)).  	




British Association for the 
Advancement of Science, 1858	




Specialized Journals	

•  As well as the journals of the societies, 

journals were started specializing in the 
different disciplines and often with a 
national focus. (ex. Liebigs Annalen, 
Annales de chimie et de physique (later split 
into two), American Chemical Journal, The 
Physics Review, Annalen der Physik und 
Chemie.) 	


•  Many of the professional organizations 
began to publish a journal, as well as 
proceeding of the meetings.	




Public Needs	

•  The rise of new technical industries created a need 

for more governmental involvement with science and 
scientific technology. (ex. telegraphy, railways, 
navigation, pharmaceutical, agriculture, etc.)	


•  Governments set up new ministries to handle these 
needs: geological surveys, agricultural experimental 
stations, bureaus of weights and measures, patent 
offices, national labs, etc.	


•  Museums became another important source for 
research funding. (ex. Smithonian, Muséum 
d’histoire naturelle)	




New Researchers	

•  In 1874, Sonia Kovalevsky was the first woman granted a 

PhD (Göttingen, Mathematics). Others followed in various 
fields (almost all in science, in the early period). They found 
it easier to obtain degrees abroad and more often than not 
could not secure an academic, or research job. (Philippa 
Fawcett, 1890, “Above the senior wranger.”)	


•  Outside of Germany, Jewish scientists were also 
discriminated against at the end of the century. Gibbs was 
the first Jew to receive a PhD in the States, Yale 1863.	


•  The first black American to receive a PhD was Bouchet, 
Yale 1876. Up till 1950s about a dozen black Americans 
took PhDs in physics, four dozen in chemistry. 96% of them 
taught at a Negro college.   	




Overview	

•  Throughout the century, we see the rise of 

new institutional spaces for science. 	

•  The university systems are reformed, and 

they become a natural place for scientific 
education.	


•  We the beginning of the professionalization 
of science. 	


•  We see the rise of distinct disciplines. 	

•  We see a growing diversity of researchers.	



