Vacuum Time Line, 1500-1799
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Related scientific developments
Cathode Ray Tube

Radio & electronics

Historical events

Vacuum gauges

Vacuum pumps

Captions

Vacuum tube development
Vacuum tube manufacturing

Rene Descartes
(1596-1650)
in his Principa Philosophiae
suggests that a vacuum
cannot exist
1644

Evangelista Torricelli
(1608-1647)

Otto von Guericke
Magdeberg hemisphere
demonstration

1654
Experiments by Richard
Townley (1628-1707) and
Henry Power (1623-1668)
establish PV law for expansion
(later called Boyle’s Law or
Marriotte’s Law)
1660

In response to Boyle’s ideas,
Franciscu Linus (1595-1675)
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Mayow Apparatus ca. 1669
John Mayow (1641-1679)
suggests that air may be
made up of two different gases
1674

Anders Celsius
(1701-1744)

suggests new temperature
scale. This scale is revised

in 1745 by Carl von Linné (1707-1778)

1742

Jakob Hermann
(1678-1733)
postulates that pressure is
proportional to density and
to the square of the average
velocity of the particles
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what is then known about thermometer ; nearby o 112(03 03 ogether
syphons, pumps, efc. 1641
~150 B.C.E. defi Joh?nn(?‘s ;lan HT]InJorLt 1 Otto von Guericke’s George Ernts Stahl
efines “gas (' emish = c a0s) air pump introduces idea of
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. agent of burning
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Jean Picard observes DE("?%'OB?;Z%J"'
“barometric light,” a glow . Tl
discharge induced by static :zlrstt truIyt StfaIt(l'StI(;?l
i reatment of kinetic
Robert Boyle electricity when a mercury
(1627-1691) barometer is shaken the%r;ég_f%a;éses
Santorre Santorro Vacuum, mercury barometer 1675 Francis Hauskbee
(1561-1636) ! ~1660 :
o P Déme Experi : shows that sound is not
and Galileo independently Galileo Galilei uy de Dome Experiment transmitted in a vacuum Charles Law—
invent thermoscope for (1564-1642) Florin Perrier showed that " 1705 Jacques-Alexandre Charles
measuring temperature measures limit of the height of the column in =F L L establishes that for a given
~1612 overhead water pump mercury barometer decreased . Robert Boyle states Edmé Mariotte in France temperature change, different
1638 . with altitude, confirming a Boyle's Law for ) gases expand the same amount
Gasparo Berti prediction of his brother-in-law, compression of gases (~1620-1684) independently 1787

first vacuum produced
(in water barometer)
~1640

Galileo Galilei's Syphon Experiment
1638

Blaise Pascal (1623-1662)
1648

-

Gilles Personne de Roberval
(1602-1675)
Void within a void experiment
Expanding bladder experiment
1648

1661

Boyle’s bell in a vacuum
1660
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Robert Boyle publishes
New Experiments Physio-Mechanical,
touching the Spring of Air, and its Effects
1660

publishes relation between
pressure and volume in
On the Nature of Air
1676



Vacuum Time Line, 1800-1899

Hermann Sprengel
devises mercury

Roots Pump “drop pump” C.F. Varley
invented by brothers 1865 suggests that cathode
Philander and Francis Roots rays are particles
1859 1871

F.M. & P.H. Roots L. von Babo

Pierre & Jacques Curie
discover the piezoelectric effect
1880

American Institute of
Electrical Engineers

holds first meeting

Thomas A. Edison

during the Philadelphia

Elihu Thomson
commercial medical
X-Ray machines
1896

forms the International Exhibition Wilhelm C. Roentgen f
Julius Pliicker demonstrated  |ndustrial Roots Blower Pump Develops self-recycling New York Edison llluminating Company 1684 d|scove1r§S5X-Rays Wilhelm Conrad Roentgen
that a magnetic field bends 1868 Sprengel pump 1880 (1845-1923)
what later became known as 1876 creates the first X-Ray tube
cathode rays 1898
Hermann Sprengel Sir James Dewar, England
Thomas A. Edison 1858 Devises mercury drop pump Eugen Goldstein originates . Sir William Crookes (1842-1926) ’
(1847-1931) 1865 the term Kathoden-strahlen _ Thomas A. Edison ! O :
i builds the “Pearl Street Plant” performs the Maltese Cryogenic pumping with : » =
£ (cathode rays) ; ullds the ‘eart street Fian ross experiment liquid air cooled ch I f- b
i 1876 e, o generate and Cross 38%97 e iquid air cooled charcoa
P | 4 dstibue eecticty 1892 Cathode Ray Tube 1897
¥ 7 1
Isaiah Davies i r Jonathan Z ‘ Guglielmo Marconi transmits William Ramsey
“Roots” pump TR ¥ 'mp(;gaesagraeg‘nsecc)RT a wireless signal for one mile and M. W. Travers
b | Improv u 1895 i
3 1848 "F' & adds the time base _ dlsc%egsneon
Joseph-Louis Gay-Lussac Thomas A. Edison files U.S. deflection Jean B. Perrin
(1778-1850) Sir William Crookes patent on carbon filament lightbulb 1889 proved cathode rays were
Gay-Lussac's Law— (183261919)h ; Alexatndte: G-hBe” 1879 a stream of charged particles
i i suggests that cathode invents telephone 1895
Ata given pressure, the change in Johann Heinrich Wilhelm Geissler rgss are negatively March 1 576
volume is proportlonal fo the change (1815-1879) charaed particles Heinrich R. Hertz discovers
in temperature Bonn, Germany, develops g 1 8?1 Sir William Crookes, England cathode rays can penetrate
1802 Geissler mercury vacuum pump, invents the Crookes tube, thin m(;f%l 2sheets
John James Waterston ~ With which he produces the first . George Johnstone Stoney early form of the CRT .
(1811-1883) good vacuum discharge tubes J. W. Hittorf estimates the charge on 1879 ;li-rz(t)r:t?sse?\./alzti(g;oc; .
introduces concept of (Geissler tubes) demonsirates that cathode ray particles thermionic emission in vacuLim ~ Clemens Winkler Fleuss ]
Mean Eree Path 1855 cathode rays travel (electrons) Thomas A. Edison e ot discovers first semiconductor Oil Piston Pump Karl F. Braun
in straight lines, i (‘Edison effect’) “Germanium’ 1892 invents the
1843 ) 1874 invents phonograph March 1883
develops Hittorf tube August 1877 arc 1886 Cathode Ray Tube
| 1869 | | 1897
| | | ’ ) 1899
i Albert Hess Malignani Corp (Italy)
David Hughes
1800 . 1875 experiments with ﬁrsgt “microphone” Sir William Preece 1890 utze:tsdl;egr?crjd n:gt;e Use of( F?rr:(?;npiﬁ(a)lrgse)ttering
. : using three nails duplicates Edison’s experiment e u
Law of Partial Pressures q ] S 1878 and makes quantitative measurements, B . magnetic fields 1896
John Dalton (1766-1844) / Sir W||I|ag1 erokes, England g ) presents results to Royal Society W|g|am|Emtr:r<1)ven 1894
1801 | umping by ison improves the John Ambrose Flemin evelops the
=1, chemical getters Sprengel-Geissler presents a paper on th% March 26, 1885 electrocardiogram W. Sutherland
1876 recycling mercury pump “molecular shadow” to the 1890 Gas-viscosity
L G.R. Carey 1879 ; i Philipp E.A. Lenard auge principle
Sir William R. Grove , Physical Society of London ; gauge princip
First description of invents the phqtotube May 26, 1883 added to Hertz's work.on 1897
sputtering phenomenon or photoelectric cell | ] | |1 cathogie rays penetrating
1852 1874 i I _ George J. Stoney  thin metal sheets Sir Joseph J. Thomson
| | i Edison Effect suggests the name 1894 discovers the electron
| ) : — “electron” for cathode (He called them “corpuscles’)
! ) N - T Nikola Tesla ray particles 1897
" - > él%g?oggdtﬁ; 1891 Sir William Ramsay
‘u A Sir William Crookes - induction motor - (18521916)
] Vacuum pumping system | 1888 isolates argon from air
Amag% ﬁvggsdro Sir William Robert Grove 1870 ] g 3 1894
- m 1811-1896 IX X
Avogadro's Law— William Thompson ( )

All gases have the same
number of molecules in a
given volume regardless of
temperature or pressure
1811

(Lord Kelvin)

Rudolf Clausius

(1824-1907) (1822-1888)
suggests absolute  introduces idea of the
temperature scale Mean Free Path of a

1848 diffusing particle
1858
Karl Kronig

(1822-1879)
suggests that gas molecules
in equilibrium travel in straight
lines unless they collide with something
1856

Robert W. Bunsen
Water Jet Pump
1870

H.G. McLeod, England
Volume compression,
Mercury manometer
1874
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Vacuum apparatus for exhausting k. )
Edison's electric lamps. 'h Pritigs
Based on Crookes' design. | — ad
1880

Electrical Indicator

307,031—October 21, 1884
D.G. Fitzgerald

patents the magnesium getter
for electric lamps
1881

Eugen Goldstein observes
“canal” rays (positive ions),
so called because they
bored holes in the cathosde
of a discharge tube
1886

=

Sir Joseph John Thomson
(1856-1940)

John Ambrose Fleming
reports to the
Physical Society of London
that his “lamp” functioned as a rectifier.
March 27, 1896



Vacuum Time Line, 1925-1950

Ernest O. Lawrence
Nobel Prize in Physics

James Chadwick
Nobel Prize in Physics

Scientific Foundation of Vacuum Techni
published by Saul Dushman

for the neutron. for invention of Cyclotron. 1949
e 1935 1939 F.C. Williams describes use of
-‘J&" gl 525-line NTSC system ENIAC computer Cathode Ray Tube as a digital
il & 15 tube console receiver approved by FCC developed at Univ. of Penn. memory storage device
1937 for commercial B &W TV It used 18,000 vacuum tubes. 1948
Complete amateur (ham)  Atwater Kent Peter Debye 1941 1943
= radio station—1 tube receiver3 tube receiver Nobel Prize in Chemistry
Loewe 3NF vacuum & 1 tube transmitter 1930 for diffraction of x-rays RCA & DuMont _
integrated cwcthh“O T Farnsworth 1929 — : and electrons in gases. demonstrates tel'eV|S|_on Paul Eisler
1926 _ Brigadier General David Sarnoff 1936 atthe NY World’s Fair perfects the
P;é';gh:t?g;:‘!ggh (1881-1971) 1939 printed circuit board
. 1942
all-electronic television system Harold Urey -
in San Francisco Manfred von Ardenne Nobel Prize in Chemistry _ Scanning Electron
1927 demonstrates an all Late night DX Discovery of deuterium John L. Baird Mlcros%ogﬁnprototype.
AH. Compton electronic television in Berlwith a 1 tube receiver 1934 d_emonstratfes a 700_Iine D. McMullan
Nobel Prize in Physics for 1929 1930 Irving Langmir high rescfgggn television 1948
scattering of x-rays by electrons. Nobel Prize in Chemistry
1927 Surface Chemistry
James Eranck and 1932 Oskar Heil .3 ~ SirHenry Tizard Percy Spencer of Raytheon Co.
Gustav Hektz ~ patentsthe Model B Klystron brings cavity magnetronto U.S.  designed the laminated anode
Nobel Prize in Physies  Kenjiro Takayanagi Alan B. Du Mont field effect transisto{,, ian prothers first working klystron Sept. 6, 1940 magnetron which increased production e
Laws governing demonstrates a gas focus begins applying CRT’s (but digggt work) Stanford University e
collision between  oscillograph CRT to displ4 to television 1937 Bardeen, Brattain, and Shockley
electron and atom television images 1932 demonstrate the first Sir Charles Oatley
1925 1927 - Alan B. Du Mont World's first regular TV Hewlett-Packard ~ John Randall and Harry Boot  Rudi Kompfner semiconductor amplifier (transistor) [(1904-1996)
Vladimir K. Zworykinfilesa — 5,nds the broadcasting by BBC in Englapartnership begins on $538. develop the magnetron first traveling wave tube 1947 scanning electron
Heintz & Kauffman Harpld S.Black patentonthe klnescope. Heyy Mont Laboratories  E. H. Armstrong electronic system by EMI 1938 at Birmingham University  Oxford University Patent 2,535,035 — October 3, 1950 microscope
vs. RCA discovers  later developed the iconoscope. 1939 announces frequency 1936 Feb. 21, 1940 1942 1948
tube patent litagation negative feedback 1929 modulation Vacuum tube
1927 1933 First general memory for
Electric Guitar . o _ purpose computer computer.
Commercial | Liquid-fuel rockeAll-electric JukehoxB&W Television Electro- S{:ehﬂegsg&ic . ) VHF Electroni . Rzlgi%r%/e%;%na. Iégsrtn\é\{lc:;krnsg Electric ~ |RCAdemonstrates Television All-electronic . . ., SuperMusic
alking Movies ape Recoraer| uartz Cloc encephalogram ecording ar Radio ectron Microscppe adar elevision elicopter uorescent Lightl e Binary Cot arving Knire olor lelevisiol vertising uclear ReactoCalculating Device V-, ockets Icrowave omputer ransistor aple Televisign mplitier
FaxSerV|ce|TIk M Tape Recorder| Quartz Cl k| hal Cyclotron | Record Car Rad |Elt M F Rad Tel T Helicopt |FI tLﬁngsB Cc19C Knife | Color Tel Advert |NI ReactpCalculat D1CV2R Ket: M O*eENIACC tfe T t |CbITI a| Amplif
| 1926 1927 1928 1929 1931 1932 1933 1934 | 1936 1937 1938 1939 | 1941 1942 1943 1944 | 1946 1947 1948 1949 |
1925 1930 1935 ' 1940 1945 1950
Wolfgang Gaede F.M. Penning . . Erwin W. M ller i t
_ Gas Ballast Pump _Cold-cathode, Varian brothers join Sperry rwin V. M llerinvents
AR. Olsen_ & L.L Hirst 1935 ionization gauge Corp. in Long Island, NY Field Electron Microscope tt
Capacitance Mahn & Mecalf 1937 1940 ) images individual atoms
manometer ahn & Meca Wayne B. Nottingham 1950
1929 6.3V becomes standard-@Per on Velocity Modulated Ernest O. Lawrence Proposal of soft x-ray,
: I for AC & DC filaments Elecirgggubes C.M.VanAtta  Nobel Prize in Physies pressure measurement limit
Cecil R. Burch & Bancroﬁ:I't:elcr:?rto-l;:t’li/rllif:lr?;sczse:gg s . Diﬁgig)(;l“r:lejrr/nspezpeed Thelcst))égotron 1947 Hipple, Sommer & Thoma
Oil diffusion pump Ernst Ruska Kenneth C.D. Hickman 1937 Alfred O.C. Nier, et al. Twin triodes Orqg%gtron
1930 1931 Fractionating oil diffusion Mass spectrometer 6SN7, 7F8
pum?-ggg fluids helium leak detector 1945
1943
. Kenneth C.D. Hickman _ . . Radar set using magnetron
M. Siegbahn : Low-pressure National Union G.E.6E5 built by British
Disk-type, CecilR.Burch synthetic oils produced first “Magic Eye” tube $ September 1940
molecular drag pump Gas diffusion pump using 1929 tubes for car radios 1934
1926 low-vapor pressure oils 1931 um“
1928 Mercury vapor First button b 14V
Farnsworth . rectifier 82, 83 irst button base 1.
Image Dissector FirstRCAAC  Owen W. Richardson 1932 RCA m'”'ati‘gié‘*be 1R5
1926 g‘gﬂ%&ggg (1879-1959) 9 original tubes in metal family _ | e
wesingrousearreurced 153 v ol
- Richardson's Law  RCARadiotron Co  Mercury-arc rectifier Metal tube Multi-stage, self-fractionating Inventor of th 1950
First US screen 1908 formed 1o build tubes (Ignitron) introduced by RCA —6L7 diffasion oumm nventor o e't Saul Dushman
grid tube takes over Harrison plant 1933 1935 1937p P microwave cavity . (1883-1954)
R(():At U1>£<)-22722 Farnsworth Jan 1930 First electron ray ' Pioneer vacuum scientist
C' Electron Multiplier ~ (magic eye) tube il _—
Landmark UX 280 1929 introduced by RCA - 6E5 Siemens Transmission UHF oscillator using
rectifier introduced National Union and Champion 1935 First beam power Electron Microscepe act;gr;f’;.ube
Irving Langmuir (prOdUC&C;forlg\Sr 50 years) Tube Manufacturers founded GE starts to manufacturetetrode — 6L6 Max Kno';ggg Ernst Ruska Twin triodes
(1881-1957) v P Tub 1930 receiving tubes after 6 12AU7, 12AX7, 12AT7
Holding Thyratron Tube Arcturus founded Mani?ggua:gr fgu?]ded 5% year absence (and other glass mini tubes)

invented by Albert W. Hull 1927
1927

1929

1935

1948



