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I. Alexander von Humboldt and the COSMOS
250 Anniversary of the birth of AvH
Two Scientific Expeditions:
1. Spanish American Expedition
5 June 1799  1 August 1804
2. Russian Expedition
May  November 1829
Alexander von Humboldt known as
A. naturalist
B. observer of the Universe
C. curious scientific adventurer
D. bold prophet
14 Sept 1769 – 6 May 1859
Portrait by Joseph Karl Stieler

 Founder of Geographical Science

https://humboldt-heute.de/en/stories/humboldts-travels

Sextant: measure the angle
to the Sun  latitude

Telescopes
thermometer:
measure the
temperature of
seawater (Pacific)

50 highly advanced
instruments of the era

chronometer: measure the
Dip circle: measure the
time difference of the Sun at
the highest point  longitude magnetic intensity

He has more instruments than
any previous explorer – sextants,
quadrants, telescopes, marine
chronometers, barometers,
thermometers and all sorts of
devices with amazing names
such as inclinatorium,
declinatorium, cyanometer,
eudiometer, hydrometer and
hyetometer

en.wikipedia.org/wiki/Alexander_von_Humboldt
https://humboldt-heute.de/en/stories/humboldts-travels
Bordeaux, France
1 August 1804
A Coruna
5 Jun 1799

The United Staes of America
May  July 1804
Tenerife
6 days
Cuba  second discoverer of Cuba
19 Dec 1800 – 5 Mar 1801
outbreak of typhoid
Aricultural/commercial potential
Acapulco
15 Feb 1803

mosquitoes

Cumana
16 Jul 1799
Cartagena
30 Mar 1801
Feb 1800, 4 months, 2776 km
First scientific results:
Positioning Canal Casiquiare

Venezuela 17991800
Canal Casiquiare
Orinoco  Amazon

Feb 1800, 4 months, 2776 km
First scientific results:
Positioning Canal Casiquiare
meteor shower, electric eels
 electricity + magnetism

en.wikipedia.org/wiki/Alexander_von_Humboldt
Bordeaux, France
1 August 1804
A Coruna
5 Jun 1799

The United Staes of America
May  July 1804

Cuba  second discoverer of Cuba
19 Dec 1800  5 Mar 1801
7 Jan 1804  29 Apr 1804
Aricultural/commercial potential
Acapulco
15 Feb 1803

Cumana
16 Jul 1799
Cartagena
30 Mar 1801
Feb 1800, 4 months, 2776 km
First scientific results:
Positioning Canal Casiquiare
The Andes
1801 - 1803

Tenerife
6 days

Cuba
19 Dec 1800  5 Mar 1801
7 Jan 1804  29 Apr 1804
1. Survey the city;
2. Collect statistical information on
Cuba’s population, production,
technology and trade;
3. Conduct mineralogical surveys;
4. Collect the island’s flora/fauna

agricultural/commercial potential
first work of national geography
in history

Botanical drawing by Humboldt

en.wikipedia.org/wiki/Alexander_von_Humboldt
Bordeaux, France
1 August 1804
A Coruna
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May  July 1804
Tenerife
6 days
Cuba  second discoverer of Cuba
19 Dec 1800 – 5 Mar 1801
Aricultural/commercial potential
Acapulco
15 Feb 1803

Cumana
16 Jul 1799
Cartagena
30 Mar 1801

The Andes
1801 - 1803

The Andes 1801 – 1803
A. get access to the huge pictorial records of botanies
 realizing the importance of fine recordings/images;
B. creating a world record of climbing Chimborazo to 5878 m
(about 305 m below summit)  volcanoes;
C. temperature, altitude, humidity, atmosphere pressure,
animals & plants at each elevation  environmental science
D. observing the transit of Mercury (1802/11/09)
Illustrations from Spanish botanist
Jose Celestino Mutis in Colombia

Humboldt and Bonpland
near the foot of the Chimborazo volcano
Painting by Friedrich Georg Weitsch (1810)

The first isothermal map in the world
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A Coruna
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The United Staes of America
May  July 1804
Tenerife
6 days
Cuba  second discoverer of Cuba
19 Dec 1800 – 5 Mar 1801
Aricultural/commercial potential
Acapulco
15 Feb 1803

Cumana
16 Jul 1799
Cartagena
30 Mar 1801

The Andes
1801 - 1803

Mexico (New Spain) 1803 – 1804
A. first precise geodetic measurement in Mexico city, incorrect by
about 300 miles in position before, and measurements of
elevation, the visual depiction of elevation  first contour map?
B. research on mining geology;
C. using graphs and charts to show data
Basalt prisms: Santa Maria
Regla Mexico by Humboldt
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Bordeaux, France
1 August 1804
A Coruna
5 Jun 1799

The United Staes of America
May  July 1804
Tenerife
6 days
Cuba  second discoverer of Cuba
19 Dec 1800 – 5 Mar 1801
Aricultural/commercial potential
Acapulco
15 Feb 1803

Cumana
16 Jul 1799
Cartagena
30 Mar 1801

The Andes
1801 - 1803

The United States of America
May  July 1804
scientific diplomacy and meeting with the U.S.
President Jefferson and some of the major scientific
figures of the time
based on his research of mining geology, he correctly
predicted diamonds (Georgia, N Carolina, Virginia),
gold deposits and platinum in California
 scientific prophet

Alexander von Humboldt
 (L Agassiz on the 100th anniversary of the birth of AvH)
“The scientific discoverer of America”

The Russian Expedition
May  November 1829
twenty-five weeks with a distance of 15,472 km
(sometimes 160 km/day)
 expedition to the Ural maintains and Siberia;
 investigate magnetism of maintains and
mineral deposits

Alexander von Humboldt

 great in all sciences:
geography, geology, geophysics, cartography, climatology,
meteorology, mineralogy, botany, anatomy, biology, zoology

 the founder of geography: national, physical and
comparative; probably also environmental science;
 first uses graphic methods to show scientific results;
 makes the first isothermal map in the world.
on systematic measurement with the most advanced instruments

the unity of nature  COSMOS in 5 vol
 attempt to unify all sciences

www.deutschestextarchiv.de/book/show/humboldt_kosmos01_1845

www.humboldt-foundation.de
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Alexander von Humboldt Foundation
Letters
Erik served
Alexander von
Humboldt
Foundation for
18 years as a
selection
committee
member.
Many of us came
to Germany as a
Humboldtian.
Thank you, Erik

www.humboldt-foundation.de

II. The scientific work of Erik
As an old friend of decades, I am very pleased of
being invited to attend this great celebration;
As an old friend of decades, I am gratefully honored
to talk about Erik’s scientific work at this
celebration;
But I am still wondering whether I am able to talk
about the scientific work by Erik, since Erik makes
many great contributions to all aspects of geodesy.

A general impression on Erik’s work:
 Erik is great in all the aspects of geodesy;
 Erik’s work is mathematically and physically
fundamental to the geodetic science;
 Erik is the King of biaxial ellipsoids in the
geodetic community worldwide. And of course,
Each work from Erik requires a lot of time to study,
understand and appreciate.

Erik’s work up to the present:
18 books and 348 papers
covering all the aspects of geodesy and beyond

> 1000 pages

Erik’s scientific papers
up to the present

348 since the 1st paper in 1965

There are too many great publications from Erik for
me to talk, and of course, likely beyond my
capability.
I will have to briefly outline some of the contributions
on the following topics:
 map projection and geometry
 ellipsoidal representation and geodetic boundary
value problem in physical geodesy and beyond
 linear and nonlinear statistical adjustment theory
 optimization and design of geodetic networks
 geodetic geophysics (likely from Prof. Peter Varga)

great contributions to map projection and geometry
State of the art:
an old subject of study
conformal, equidistant, equiareal  not always consistent
sphere or other manifolds
Contributions from Erik
 oblique Mercator projection: sphere  ellipsoid (JG 1995a)
 oblique azimuthal projection:  ellipsoid (JG 1995b)
 Mollweide projection: sphere  elliposid (JG 1995c)
 Hammer projection (azim trans rescaled equiareal):  ellipsoid (JG 1997)
 Korn/Lichtenstein equations (conformal):  ellipsoid (JG 1998)
 Harmonic mapping (min distortion energy):  ellipsoid (JG 2005)
and more papers (too many to list here) on
systematic extension of map projections of ellipsoid

examples: differential geometry in geodesy

using the Maupertuis principle of least action to
elegantly prove that the Newton equation of motion of a
point mass in the gravitational field can be interpreted as
a geodesic flow in a Maupertuis manifold.

examples: geometry of earth rotation

S1: Represent the earth rotation in quaternions, which is
diffeomorphic to a 3D unit sphere, then
S2: Prove that the minimum number of maps of an atlas
covering the entire rotation group SO(3) is equal to 4 and
further
S3: Use the Euler or Cardan angles to construct such an atlas.
For more information, see Theorem on page 116.

great contributions to ellipsoidal representation and
geodetic boundary value problem in physical geodesy
 solution to Stokes boundary value problem on an ellipsoid
 ellipsoid (Stud GG 1997)
 World Geodetic Datum 2000  for the best ellipsoid (JG 1999)
 ellipsoidal Bruns formula  ellipsoid (JG 2001)
 National height datum, Gauss/Listing geoid level value
(Baltic sea level project):  ellipsoid (JG 2002)
 ellipsoidal vertical deflection and ellipsoidal gravity
disturbance: case study  ellipsoid (Stud GG2006)
ellipsoidal spectral properties of gravitational potential and its
first and second derivatives  ellipsoid (JG 2005)
 ellipsoidal gravimetric/altimetry/astronomical boundary value
problem: Iran case study  ellipsoid (JGeody 2005)
and more papers (too many to list here) on
systematic extension of ellipsoidal representation

One example:
The Stokes BVP on an ellipsoid of revolution (SGG 1997)

practical importance
relative error
spherical: 3.0x10^{-3}
ellpsoidal: 1.5x10^{-5}
absolute error
spherical 0.5m
ellipsoidal  2 mm

Erik is the King of ellipsoid in the
geodetic community worldwide
for map projection and physical geodesy.

great contributions to linear and nonlinear statistical
adjustment theory
 close form solution to 3D resection
 5 ZfV papers and many J Geod, EPS papers
3-step method  Moebius barycentric coordinates 
Groebner basis algorithm  polynomial resultant approach
minimal condition  over-determined (Gauss-Jacobi combinatorial )
angle measurements  distance measurements

error analysis in the over-determined case

dotted: minimal closed form
solid: Gauss-Jacobi algorithm

Network: Stuttgart Central (2003, J Geod 76, 605-616)

implying that a proper weighting scheme is required, since
the errors with minimal condition are smaller.

 extending the rank defect analysis to satellite network, and
clearly deriving the rank deficiency for two types of satellite
networks by assuming directional and distance
measurements (papers on manuscripta geodaetica 1978)
Type I: geometric and semi-dynamic mode, either with
geometric Cartesian coordinates or Kepler elements
Type II: dynamic mode with gravitational force parameters

great contributions to optimization and design of
geodetic networks
Erik pioneered the four classes of optimal design of
geodetic networks





zeroth order design  datum definition
first order design  configuration
second order design  working scheme
third order design  inserting new measurements

This pioneering achievement, though likely not even the most
proud work from Erik, has triggered a great number of
research in geodesy for decades, in particular, during the 70s,
80s and 90s of the 20th century and has profoundly influenced,
at least, one generation of geodesists. We can still find a lot of
citations to Erik’s work on this topic.

The Canadian Surveyor
1974, 28(5), 716-723

III. Erik and Wuhan
 Erik proactively promotes international collaboration by
accepting many AvH Fellows and scientific visitors;
 A lot more hours of collaboration while I stayed in
Stuttgart;
 A lot more hours of happiness and pleasure with Erik and
Ulrike in their house, always a free concert by Erik and
Ulrike;
 Deeply concerned with the future of the Institute of
Navigation in Stuttgart, Erik took a decisive leadership to
initiate the exchange between Stuttgart and Wuhan,
together with Prof. J. Liu. I was pleased to be part of that
process with Erik, which has academically led to a long
lasting exchange of researchers and students.

Honorary Professor of Wuhan University on Nov 3, 2000
Wuhan

Concluding remarks
 Erik is the greatest geodesist of the present. He is
great in all the aspects of geodesy.
He makes fundamental scientific contributions to
geodetic science, mathematically and physically;
 Erik is the King of biaxial ellipsoids in geodesy
for map projection and physical geodesy;
 Erik pioneers optimization and design of geodetic
network .
 and far more beyond ….

Finally,
I:

again very happy birthday to you, Erik

II: and wish you always in your best health condition.
III: We are curiously waiting for reading your 1500 plus
pages book to come.
happy birthday wishes and best regards to Erik on my
way to Stuttgart from
Prof. Deren Li, Wuhan University
Prof. Karl-Rudolf Koch, Bonn University
Prof. Juergen Kusche, Bonn University
Prof. Harold Schuh, GFZ
Prof. Yunzhong Shen, Tongji University

Thank you very much!

