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Early Cosmic Ray Research with Balloons

First Balloon Flights

- Hot Air

| Balloon
= J.M. & J.E.
Montgolfier

Hydrogen

Balloon

J. Charles
(physicist)

- June 04, 1783: - Aug. 27, 1783:

1st unmanned flight in Annonay/France 1st unmanned flight in Paris
- Sept. 19, 1783: - Dec. 01, 1783:

15t flight with animals in Versailles 15t manned flight in Paris,
- Nov. 21, 1783: altitude: 3467 m,

15t manned flight in Paris measurement of

J.-F. Pilatre de Rozier (physicist) temperature (-8.8°C)

air pressure (500.8 mm Hg)
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Early Balloon Flights In Italy

o ..--.

- 1784 Sept. 14:
Vincent Lunardi
employee Italien embassy London,
hydrogen balloon, 24 miles,
with a dog, a cat, a pigeon

V. Lunardi

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

- 1806: Rescue of Zambeccari and
Carlo Broschi his crew in the sea
Neapel,

Balloon was destroyed
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Early Balloon Flights In Italy

- 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:

1% military balloon company, Abessinia Francesco Guardi:
Observation of a balloon launch
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Early Scientific Balloon Flights

- Nov. 30, 1784: 1st scientific flight in London with By
barom., thermom., hydrom. & electrometer
Dr. J.Jeffries (USA) & Blanchard
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1st bord journal of J.Jeffries

- Aug. 24, 1804 :
Gay-Lussac & Biot (France)
4000 m hydrogen balloon

- Sept. 16, 1804 .
Gay-Lussac
7016 m altitude, results:
O,-fraction indep. on altitude

temp. decrease of 1°C /174 m ay-Lussac
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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 e e
19 captive balloons Balloon “Phénix”, Berlin

- July 31, 1901:
Berson, Suring (meteorologists),
von Schrotter (Vienna, physician),

balloon “Preussen”, Berlin, SsTgrng -
iaht: O 7 AT ERTE K ot
record flight: 10800 m | b SR

..
; . _.,__.‘-F'-‘*‘."r-.. -

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”
ARmann (Berlin) g R A R
250 m3 hydrogen or illuminating gas, & = . L i
photographic registration of Aol baEn d e el e
air pressure and temperature. om0 e L
With manned balloon “Phonix” - '
measurements at the same time

S.I;__:._ : .___2._ e 1{3 EEe n 0 ga 8 3oa

- 1902' Nr. 4o. 6. September 1804

Discovery of stratosphere by
Teisserenc de Boert (Paris)
and Amann (Berlin)

with pilot balloons
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15t 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 Ballonfltigen”
(“Measurement of the electricity of air at 12 balloon flights”),
Abhandlungen der koniglichen Gesellschaft der Wissenschaften
zu GoOttingen, Band Il

Weidmannsche Buchhandlung, Berlin 1904
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15t 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
- hot 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




Early Cosmic Ray Research with Balloons

Penetrating Radiation - Bergwitz

- L o -."Iunisierung in

:_ . Héhe B ’!i‘]:er'fust Prozenten der

R Pﬂ' /zsﬁ““dﬂ am Erdboden

o ol m Volt. - [ beobachteten
o | etwa 350 8,8 60
Limeburger Heide . . . oy 650 6,7 40
| 0, 1300 3,8 25

Ref.. Karl Bergwitz: “Die y-Strahlung des Erdkdrpers und ihr Anteil an der spontanen

lonisierung der Atmosphare”

16. Jahresbericht des Vereins fur 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 1° expedition in the Alp's
- messurements at atitudes of 650 — 3000m
- with 2 Wulf-electrometers

15 use of term “cosmic radiation”
18 years before introduced by Millikan

Beobachtungen {iiber die Radioaktivitit der
Atmosphidre im Hochgebirge.

Von A. Gockel und Th. Wulf,

-Physikalische Zeitschrift. 9. Jahrgang. -No. 2%

des: Ein Einflu der Hohe auf die Ionisation
im verschlossenen Gefif3 liBt sich nicht nach-
weisen. Daraus glauben wir den Schlul3 ziehen
zu diirfen, daB eine kosmische Strahlung, wenn
sie uherhaupt existiert, nur einen unbetricht-

lichen Teil der durchdrmgenden Strahlung aus-
macht. Dagegen scheint — und dieser Befund
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Penetrating Radiation - Gockel

3 balloon flights: Dec. 11, 1909
Oct. 15,1910
April  2,1911

Messungen der durchdringenden Strehlung

bei Ballonfahrten. .lf'hjrsik. Zeitschr, }EII, IQIT.
fet t | Vol
verlust
_ II ) — ..___.1."'_--- - e e o Lo -
i O30 Schuppen des Gaswerkes Schlie- 13,53
| renn bei Ziirich.
= 1§ = . =+ i
043 —100g5 S00— oo m iiber Zirich im 10,9
| Selael, |
L i— Fi» ! - : s - i
o4y —11"30  clwa 1700 m, zwischen Zirich 3,3
| | und Fug (iber dem Nebel,
PL'30—12730 1900 m iiber Entlebuch, 5.5
I:_I’ﬁﬂ—ﬂ_-':;ﬂ 1006 m {iber Entlebuch, Q,0
1'30—73"10 25300 m, Cegend von Olten, 10,0

pach der Landung anf Wiese. a.5
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Penetrating Radiation - Gockel

Die erhaltenen Resultate wiirden in Uber-
einstimmung  stehen mit dem, was auch Pa-
cini!] aus seinen Beobachtungen auf dem
Meere und DMache?®) aus denen in Inns-
bruck folgert, dall namlich ein nicht unbe-
trachthicher Teil der durchdringenden Strah-
lung unabhangig ist von der direkten Wirkung
der in den obersten Erdschichten enthaltenen
aktiven Substanz. Befriedigend stimmen mit
meinen Resultaten auch die von Wulf3) auf
dem Eiffelturm erhaltenen tberein, besonders

— penetrating radition in the atmosphere
Independent on radioactive source



Early Cosmic Ray Research with Balloons

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:

Hess, Absorption der y-Strahlen in der Atmosphire.
Physik. Zeitschr. XII, 19171,

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

Hess, Radiummessungen nach der +-5Strahlenmethode,

Phvsik. Zeitschr, NIV, 1913,
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Penetrating Radiation - Hess

Hess' 1% balloon flight:

. §
- Aug. 28, 1911: Hess, Absorption der y-Strahlen in der Atmosphire.
Physik. Zeitschr. XII, 1911,

| 7 eit | Hihe | beobachtete Strahlung
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— established results of Wulf (Eiffel tower) and Gockel (balloon)
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Penetrating Radiation - Hess
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Penetrating Radiation - Hess

6 flights around Vienna

Flight Date Time Height, m  lons(v-1), lons(v-2), lons(j- DEL ),
em C s em™ ? s em” Y s

1 17.4.1912 08:30-09:30 0 14.4 10.7
11:00-12:15 1700 13.7 11.1
12:15-12:50 1700-2100 27.3 14.4
12:50-13:30 1100 15.1

2 26.-27.4.1912  16:00-22:30 0 17.0 11.6 20.2
23:00-09:35  140-190 14.9 0.8 18.2
06:35-09:35  800-1600  17.6 10.5 20.8

3 20.-21.5.1912 17:00-21:30 0 16.9 11.4 19.8
22:30-02:30  150-340 16.9 11.1 19.2
02:30-04:30 ~ 500 14.7 0.6 17.6

4 03.-04.5.1912 17:10-20:40 0 15.8 11.7 21.3
22:30-00:30  B00-1100  15.5 11.2 21.8

5 19.6.1912 15:00-17:00 0 13.4
17:30-18:40  850-950 10.3

6 28.-20.6.1912  20:10-23:10 0 15.5 12.2
00:40-05:40  90-360 14.9 11.4
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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
- 7. Fahm (7. Angust 1912).

Ballon: ,Béhmen" (1680 chm Wasserstoff), Fiihrer: Hauptmaon W. Hoffory.
Meteorolog. Beobachier: E. Wolf. " Luftelektr. Beabachter: V. F, Hess.
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| 3 | : Pieskow, Brandenburg)
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Penetrating Radiation - Hess

Physik, Zeitschr. X111, 1912.

A:n.u der Abtellung fiir Geophyeik, Metsorologie
Nod Hrdmagnetismus:

ViktorF.Hess(Wien), Uber Beobachtungen
der durchdringenden Strahlung bet sieben

Freiballonfahrten.

Die Ergebnisse der vorliegenden Be-
obachtungen scheinen am ehesten durch
die Annahme erklirt wérden zu kdnnen,
daB eine Strahlung von sehr hoker
Durchdringungskraft von oben her in
unsere Atmosphédre eindringt, und auch
noch in deren ontersten Schichten einen
Teil der in geschlossenen GefiBen be-
obachreten Ignisation hervorruft. Die
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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
- 7" 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 v-, 1 B-electrometer
- Systematic studies at day and night
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Ultra-Radiation - Kolhorster

Werner Kolhorster:

- 3 flights in 1913:

Messungen der durchdringenden Strahlung
im Fretballon in griofseven Hohen,

von Werner Kolhdorster.

(Vorgetragen in der Sitzung der physikalischen Abteilung der 85.Versammlung
Deutscher Naturforscher und Arzte zu Wien am 23. September 1913.)

(Vgl. oben S.921.)
(Aerophysikalischer Forschungsfonds Halle, Abhandlung 6.)

— confirmation of Hess' result
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Ultra-Radiation - Kolhorster

Werner Kolhorster results of 3 flights in 1913:

Erd- |i Werte der Kurve I}f“l’"“ht“m Werte
shetand | L Fabr | ML Fabt | TiL. Fahet
mn | i S R | -
m i & Fahrt EH.FnhrtillI.Fahrt m | I m | | m i B
Am | i. N I | i
Boden | 15,3 | 135 13,2 I i \
! 310 | — 1,2 I
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B0 | —12 —201 |— 1,3 840 | — 13
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| ! 2600 | 4 4,3 2700 [ 3.1 7 61
2800 | 4 56 | +3,6 |+ 40| 3000 |+ 7,5 ] 8000 | 45,8 2000 | + 6
3200 | 4 80 | 445 |+ 55| 3400 4+ 89| 3300 | 45
‘ ’ 3500 | 11,1 | 8500 | 4-5,1 | 8680 | + 7.0
|
8600 | 104 | L 56 72 | 3600 | H6,1 | _
B 81+ T | 3300 | 46,4 | 8800 | 4 T
4000 470 |4+ 98 | 4000 | 6,7 | 4800 —Hi-;
4400 | | 12,8 ; | | 4700 +1 p
4800 | 16,5 | 4800 418,
|' | | 1 l| Bﬂﬂﬂ _|..19:;!
' | I a1
H200 L0 | a200 | +
: ! ! | 5600 | 427
5600 | | + 25,7 . 1| 600 | 1289
= | ) = | 5000 | 27
6000 | | L300 | ‘ | gooo | 4285

!e200 | 4293
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Ultra-Radiation - Kolhorster

Werner Kolhorster's high altitude flight in 1914:
Messungen der durchdringenden
Strahlungen bis in Hohen von 9300 m;

von W. Kolhirstenr.
Verh. deutsche phys. Gesellschaft 16: 719-721

Vs iy 4y :
,/',"éa!\;!“"‘\ Ii Differenz der Ionenzahlen
) Sechihe i' in der Hole und am Boden
Werte Fahrt vom
m | von 1913 283. Juli 1914
1000 | — 15 _
2000 , -+ 1,2 —
3000 . -+ 40 - 4,3
4000 | -+ 83 +- 9,3
5000 | —+-16,5 -+ 17,2
6000 T 28,7 4 25,7
7000 - -+ 44,2
3000 I -— -+-61,3
9000 — - 80,4
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Ultra-Radiation - Kolhorster

Werner Kolhorster's high altitude flight:

Man darf vermuten, dal eine durchdringende Strahlung
kosmischen Ursprungs existiert, die wohl zum groften Teil von
der Sonne herrithrt. Es ist daher beabsichtigt, diese Vermutung
durch Beobachtung am Erdboden unter geeigneten Bedingungen
— Messungen iiber und im Wasser zu verschiedenen Tageszeiten,
Peobachtungen wihrend der Sonnenfinsternis vom 21. August d. J.
i der Zone der Totalitit — nachzupriifen und durch weitere
Hochfahrten ihren Ursprung festzustellen.
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Ultra-Radiation - Kolhorster

Werner Kolhorster's high altitude flight
compared with Hess' results:
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100 Years
Cosmic Ray Physics

1% 7S
ver
1ATA~ |

. Hess Discovery

Conference Topics

* Tribute to Victor Franz Hess

Research in the early years of the discovery

* From cosmic rays to particle and astroparticle physics:
Historical development of the different fields based on cosmic particles

Location

The conference will be held in Bad Saarow/Pieskow (about 50 km
from Berlin), where Victor Franz Hess landed after his successful flight.

International Advisory Committee Local-Organizing Committee

Felix Aharonian Dublin, Ireland and Heidelberg, Germany er Hof nn th f Science
Weniamin Berezinsky Gran Sasso, Italy and Moscow, Russia
Johannes Blimer Karlsruhe, Germany

Bruce Dawson Adelaide, Australia

Erwin Flueckiger arn, Switzerland

Masaki Fukushima E

Tom Gaisser

Karl-Heinz Kampert

Walter Kutst

Paole Lipari

Yugian Ma

Olaf Reimer

Peter Schuster

Ronald Shellard

Michel Spiro

Suresh Tonwar

Alan Watson

Arnold Wolfendale

6-8 August 2012
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