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First Balloon Flights

Hot Air 
Balloon
J.M. & J.E. 
Montgolfier

Hydrogen
Balloon

J. Charles 
(physicist)

- June  04, 1783:
  1st unmanned flight in Annonay/France
- Sept. 19, 1783:   
  1st flight with animals in Versailles
- Nov.  21, 1783:
  1st manned flight in Paris
  J.-F. Pilatre de Rozier (physicist)

- Aug. 27, 1783:
  1st unmanned flight in Paris
- Dec. 01, 1783:
  1st manned flight in Paris,
  altitude: 3467 m,
  measurement of 
  temperature (-8.8°C) 
  air pressure (500.8 mm Hg)
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Early Balloon Flights in Italy
- 1784 Sept. 14:
   Vincent Lunardi
   employee Italien embassy London, 
   hydrogen balloon, 24 miles, 
   with a dog, a cat, a pigeon 

- 1803:
   Graf Zambeccari 
   Bologna   
   dramatic night flight and
   landing in the sea

- 1806:
   Carlo Broschi
   Neapel,   
   Balloon was destroyed
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V. Lunardi

Graf Zambeccari Rescue of Zambeccari and
his crew in the sea



  

- 1842:
   Comaschi, Antonio  
   Turin, altitude 9474 m, 
   but in contradiction 
   to measured temperature
   many flights from Naples and Rome, 
   1844 in Constantinople

- 1848:
   Unmanned ballons 
   distribution of political proclamations 
   during the revolution in Milano 
   against Austria in March 1848

- 1885:
   1st military balloon company, Abessinia
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Francesco Guardi:
Observation of a balloon launch



  

Early Scientific Balloon Flights
- Nov. 30, 1784:  1st scientific flight in London with
  barom., thermom., hydrom. &  electrometer
  Dr. J.Jeffries (USA) & Blanchard

- Aug. 24, 1804 :
  Gay-Lussac & Biot (France)
  4000 m hydrogen balloon
- Sept. 16, 1804 :  
  Gay-Lussac
  7016 m altitude, results:
  O

2
-fraction indep. on altitude

  temp. decrease of 1°C / 174 m

J. Jeffries

Gay-Lussac
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1st bord journal of J.Jeffries



  

Early Scientific Balloon Flights

- Aug. - Nov. 1852:
  Welsh (England)
  4 flights, studied influence 
  of sunshine 
  on thermometer 

- 1888 – 1889:
  Berlin: 65 manned flights
             10 pilot 
             19 captive balloons

- July 31, 1901:
  Berson, Süring (meteorologists), 
  von Schrötter (Vienna, physician),
  balloon “Preussen”, Berlin,
  record flight: 10800 m

Balloon “Phönix”, Berlin

Balloon “Preussen”, Berlin
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Early Pilot Balloon Flights
- March 18, 1893:
  French balloon
  113 m3 illuminating gas,
  mechan. registration of temperature
  Altitude: 12500 m,  T = -51°C
                15000 m,  T = -21°C
- Sept. 6, 1894:
  Balloon “Cirrus” 
  Aßmann (Berlin)
  250 m3 hydrogen or illuminating gas,
  photographic registration of
  air pressure and temperature.
  With manned balloon “Phönix” 
  measurements at the same time

- 1902:
  Discovery of stratosphere by
  Teisserenc de Boert (Paris)
  and Aßmann (Berlin)
  with pilot balloons
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1st Indication for Cosmic Rays ?
Franz Linke: 
- geologist and meteorologist
- PhD: 
  “Messungen elektrischer Potentialdifferenzen 
  vermittels Kollektoren im Ballon 
  und auf der Erde”

- 12 balloon flights:   Sept. 1900 – Aug. 1903,
  6 flights measurement of ionisaton
  with Elster-Geitel 2-leaf electrometer

- Publication:
“Luftelektrische Messungen bei 12 Ballonflügen”
(“Measurement of the electricity of air at 12 balloon flights”),
Abhandlungen der königlichen Gesellschaft der Wissenschaften 
zu Göttingen, Band III
Weidmannsche Buchhandlung, Berlin 1904

Early Cosmic Ray Research with Balloons



  

1st Indication for Cosmic Rays ?
Linke's conclusion :
(p.87): “Would one compare the presented values 
with those on ground, one must say 
that in 1000m altitude 
- where the measurements in general began - 
the leakage (ionisation) is smaller than on ground, 
between 1 and 3 km of the same amount, 
and above larger than on earth, with values 
increasing up to a factor of 4 (at 5500m altitude), 
if the mean value at our latitude is 1.5%.  .....  
The uncertainties of the observations .... 
only allow the conclusion that the 
reason of the ionisation has to be found first 
in the Earth”

             → no ref. in later papers
           → not known why
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Penetrating Radiation  -  Bergwitz

Karl Bergwitz:  Autumn 1908:

- 9h flight from Braunschweig 
  supported by Elster and Geitel
- Wulf 2-string electrometer 
- At 1300 m altitude: 
  25% of ionisation at ground
    0% expected 
- Detector damaged at ~2000 m
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Penetrating Radiation  -  Bergwitz

Ref.: Karl Bergwitz: “Die -Strahlung des Erdkörpers und ihr Anteil an der spontanen 
Ionisierung der Atmosphäre”
16. Jahresbericht des Vereins für Naturwissenschaft zu Braunschweig 1908/1909

After the flight an older university professor advised against it; 
he said that Bergwitz would lose his scientific reputation 
if he continues to pursue the idea of an 
extraterrestrial radiation
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Penetrating Radiation  -  Gockel
Albert Gockel (Freiburg/Switzerland)
- Aug.-Sept. 1908 1st expedition in the Alp's
- messurements at atitudes of 650 – 3000m
- with 2 Wulf-electrometers

1st use of term “cosmic radiation”
18 years before introduced by Millikan
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Penetrating Radiation  -  Gockel
3 balloon flights:    Dec. 11, 1909
                                Oct. 15, 1910
                                April    2, 1911
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Penetrating Radiation  -  Gockel

→  penetrating radition in the atmosphere 
      independent on radioactive source 
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Penetrating Radiation  -  Hess

Victor Franz Hess:
- 24.06.1883: born in castle Waldstein 

near to Peggau/Austria
- 1901-1905: physics study Univ. Graz
- 1906: PhD
- 1907-1910: Univ. Vienna at Exner
- 1911-1920:    Assistent of S. Meyer 

at the 1910 founded Radium Inst. of the Acad. Sc. 
- 1921-23: USA, director United States Radium Corp.
- 1923: Univ. Graz
- 1925-1931: Professor in Graz
- 1931-1937: Prof. in Innsbruck
- 1936: Nobelprize
- 1937-1938: Univ. Graz
- 1938: emigration, USA
- 1938-1956: Prof. at Fordham Univ. 
- 17.12.1964: died in Mt. Vernon, New York
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Penetrating Radiation  -  Hess

Victor Franz Hess' important steps before the discovery:

- Experimental verification of the absorption coefficient in air 
  predicted by Eve:

- Careful calibration measurements performed in early 1912 
  with electroscopes improved by him using radium sources:  
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Penetrating Radiation  -  Hess

Hess' 1st balloon flight:

- Aug. 28, 1911:

→ established results of Wulf (Eiffel tower) and Gockel (balloon)
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Penetrating Radiation  -  Hess
Routes of 7 balloon flights
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Penetrating Radiation  -  Hess
6 flights around Vienna
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Penetrating Radiation  -  Hess
Discovery flight: 
- August 7, 1912
- start: Usti nad Labem (Aussig), with German hydrogen balloon 
- max. altitude 5300 m (south-east Brandenburg)
- landing: Pieskow, 60 km south-east of Berlin
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Penetrating Radiation  -  Hess
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Penetrating Radiation  -  Hess

Important results of 7 flights in 1912:

- 6 flights around Vienna established earlier results
- Night flights:  
  Stable flight conditions
     Radiation not from Sun
- 7th flight with hydrogen balloon: discovery

Possible reasons for the success:

- Detailed knowledge of the electrometers from calibration
- Improvement of the electrometers
- Independent measurements with 3 electrometers
  2 -, 1 -electrometer
- Systematic studies at day and night
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Ultra-Radiation  -  Kolhörster
Werner Kolhörster:

- 3 flights in 1913:

→ confirmation of Hess' result
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Ultra-Radiation  -  Kolhörster
Werner Kolhörster results of 3 flights in 1913:
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Ultra-Radiation  -  Kolhörster
Werner Kolhörster's high altitude flight in 1914:

Verh. deutsche phys. Gesellschaft 16: 719-721

W.K.
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Ultra-Radiation  -  Kolhörster
Werner Kolhörster's high altitude flight:



  

Early Cosmic Ray Research with Balloons

Ultra-Radiation  -  Kolhörster
Werner Kolhörster's high altitude flight 
compared with Hess' results:
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