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Foreword

This bibliography is a supplement to the Bibliography and Index

on Vacuum and Low Pressure Measurement issued in 1961 as NBS Monograph 35.

It lists technical publications issued during 1960-1965 inclusive, together

with some issued earlier but omitted in Monograph 35, As in preparing the

original Monograph, the aim has been to meet the needs of scientists,

engineers, and others for a general source of information on vacuum

measurement. For this purpose, the author and subject indices should be

particularly helpful.

This publication was compiled as part of the work on vacuum standards

which is now in progress under the supervision of E, C. Lloyd, Chief of

the Mechanical Measurements Branch of the NBS Mechanics Division, and

S. Ruthberg, Chief of the Vacuum Measurements Section,

A. V, Astin, Director
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BIBLIOGRAPHY AND INDEX ON VACUUM AND LOW PRESSURE MEASUREMENT
January 1960 to December 1965

U. G. Brombacher

The bibliography, a supplement to NBS Monograph 35, of the same title, covers
the years 1960 to 1965, inclusive, and includes 109 references for prior years
not listed in Monograph 35. It contains 1787 references, 38 of which are to
books. The references, besides those directly concerned with pressure measure-
ment, include those on vacuum technology which may bear on the technique of
vacuum measurement, such as on adsorption and desorption, diffusion of gases
into solids, gas conductance and hardware such as pumps, seals and traps.
Author and subject indices are provided.

KEY WORDS: bibliography, low pressure measurement, techniques of vacuum
measurement, vacuum index, vacuum measurement.

This bibliography is an extension to 1965 of
the bibliography completed in 1960 and published
as NBS Monograph 35 under the same title. For
convenience, some of the Introduction of Monograph
35 will bear repetition, suitably modified.

Abstracts of current literature on vacuum
technology are available in a) Vacuum (since 1951),
Pergamon Press, London, and by title only in b)

Le Vide (since 1946), Societ^ Franjaise des

Ingenieurs des Techniciens du Vide, Paris, France.
Other abstract journals or publications containing
a significant number of pertinent abstracts include
c) Physics Abstracts , Institution of Electrical
Engineers, London, d) Chemical Abstracts , American
Chemical Society, Columbus, Ohio, e) Engineering
Index, Engineering Index, Inc., New York, f)

Physikalische Berichte , Deutsche Gesellschaft fUr
Technische Physik, Braunschweig, g) Vakuum-
Technik , Deutsche Arbeitsgemeinschaf t Vakuum,
Rudolf A. Lang Verlag, Esch, Taunus , Germany. The
above publications have been freely drawn upon in

preparing this bibliography.

As in Monograph 35, this paper has three
major parts: a) the bibliography, b) an author
index and c) an index of the subject matter
covered by the bibliography. The bibliography is

divided into a list of books and a list of papers
and reports, all listed chronologically, by years.
Books are designated by the letter "B" followed
by two digits indicating the year of publication
and by a single digit identifying the order of
listing. For example, B645 indicates a book
published in 1964, listed fifth in the book list
for 1964. Papers and reports are designated by
four, or five digits where necessary, the first
two indicating the year of publication or issue,
and the last two or three the order of listing.
Thus 65229 indicates the 229th in the list for
1965.

The bibliography contains 1787 references of
which 38 are books . An effort was made to list
all significant publications on vacuum and low
pressure measurement. Vacuum technology and vac-
uum phenomena are covered, if of some interest in
making valid vacuum measurements. References
are therefore listed on such phenomena as adsorp-
tion, degassing, outgassing, surface reactions,
leak detection, diffusion and permeation of gases
into solids, and gas conductance. Hardware for
vacutim systems, such as vacuum pumps, controlled
gas leaks, seals, and valves, are covered with.

it is hoped, few omissions. The literature on
mass spectrometers, field emission microscopy and
sorption phenomena is extensive, so that limited
coverage was advisable. The selection of refer-
ences for inclusion has been somewhat arbitrary,
but it is hoped that none of the more pertinent
papers have been omitted. References on evapo-
rated film technology, which are also extensive,
have been omitted as not germane.

Papers on the various designs of micromanom-
eters both liquid and mechanical, are listed.

With minor exceptions, neither catalogs, nor
announcements in trade journals of new instru-
ments without technical data, nor patents, are

listed. Reports on vacuum measurement issued as

separates have, with some exceptions, not been
listed. They appear rarely to justify the labor
involved in locating them, in view of the fact
that if important, their essence is ultimately
published in a periodical.

It will be noticed that all of the references,
over 140, for 1960 given in Monograph 35 are
repeated in the present bibliography. This gives
full coverage here for the years 1960 to 1965
Inclusive

.

Over 100 references are for years prior to

1960 and in effect are desirable additions to

Monograph 35. To preserve continuity with Mono-
graph 35, the identifying numbers start where
those in Monograph 35 leave off.

In general the number of references cited is

unlisted. Where such listing might aid in judg-

ing their adequacy of a review or indicate a sig-

nificant source of published information, the num-

ber of references cited is given when easily
available

.

Low pressure measurement is here defined to

apply to instrumentation used to measure absolute
or differential pressures in the range from about
10""^ to 10 mm of mercury with the ability to

detect pressure changes of less than about 0.01 ram

of mercury. The instruments are generally known

as micromanometers , which divide into liquid and

mechanical types. The liquid types generally
involve a U-tube, filled with either mercury,
oil or water. The sensitivity used as a criterion
to justify listing is about 0.01 mm of the column
height of the filling liquid.
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INTRODUCTION - - continued:

Standard terminology has been proposed by the

American Vacuum Society (58148, Monograph 35, 6376)

and others (see Subject Index) . The American pro-

posed standard terminology has been largely
followed in the subject index, including the

classification of degrees of vacuum. The latter is:

Condition
High vacuum
Very high vacuum
Ultra-high vacuum

Pressure range, torr
10-3 to 10-6
10-6 to 10-9

Q
10 and below

The torr equals 1/760 of one atmosphere of pres-
sure (1,013,250 dynes per cm2) or at pressures
in the vacuum range, one millimeter of mercury
for all practical purposes.

The subject index is preceded by a discussion
of the headings used.

2
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SUBJECT INDEX

The subject index covers the material in the

references as completely as possible, based usual-
ly on a perusal of the reference, in some cases on

an abstract and rarely only on the title.

The headings require some discussion. Out-

gassing and degassing are indexed under "Degas-

sing" for convenience. The phenomena are in many
cases too closely related to be easily separated.
For the same reason, papers on permeability and

diffusion are indexed under "Diffusion into or

through solids."

Gettering action has been covered under five
headings: "Getters," under which gettering ma-
terials are covered; "Traps" which has some over-

lap with the former; "Ion pumps"; "Getter-ion

Absorption, see Adsorption, Degassing, Diffusion
of gases

Gases in liquids, see Solubility of gases in

liquids
Accommodation coefficient

Defined 62126
Method of measurement 6149 6528
Various vapors, glass surface 6528

Adhesives, 61114 65110
Insulating 65218

Adsorption, see also Getters; Adsorption, activa-
ted. Traps; Degassing; Pumps, cryogenic

Appl icat ion

Pressure measurement 6146
Argon 63296

Activated carbon 64173 64230
Glass 62225 63317 6490 65319
Impact on glass releases Krypton 62112
Molybdenum 6156
Molybdenum disulphide 60108
Nickel 64194
Platinum 6156
Pyrex 63214
Quartz 65181
Re-emission, bombarded by noble gases
63156

Titanium films 65239
Tungsten 6156 6425
Vycor 6490
Zirconium 6259

Binary mixtures, 4°K 63232
n-Butane

Vycor glass 63218
Carbon dioxide

Cobalt 65295
Evaporated metal films 65295
Germanium 6152
Glass powder 2607
Iron 65295
Molybdenum 65295 '

Nickel 65295
Platinum 65295
Silver powder 2607
Tantalum 65295
Titanium 65295
Tungsten 65295

Carbon monoxide
Aluminum film 6082
Evaporated metal films 65334
Germanium 6152
Ionization gage grid 6337
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pumps"; and "Gettering action, ionization gages"
which seemed to warrant a separate heading.

Micromanometers cover the class of low pressure
instrumentation of interest. Two main headings
are used: "Micromanometers, liquid U-tube" and
"Mechanical pressure and vacuum gages." In addi-
tion see also "Vapor pressure measurement" and
"Pressure measurement."

Two primary indices are given in the index.
Under the heading "Pressure measurement" all types
of vacuum gages and micromanometers are listed
under the various nomenclatures in use. It would
serve to locate the heading in the index under
which references will be found. The same has been
done for pumps under the heading "Pumps."

Adsorption (cont'd)
Carbon monoxide (cont'd)

Nickel 65293
Tungsten 6030 62109 64169

Conductance effect 60178
Contact potentials, influence of adsorption
65331

Copper, on tungsten 65316
Deuterium

Titanium film 65128
Diffusion effect 60178 63128
Electrodeless discharge, microwaves

Inert gases gettered 63128
Ethane 6329

Iridium 63216
Ethylene

Iridium 63216
Field emission microscopy, see also

Review 6145
Forces between adsorbed atoms 64196
Gas mixtures 63327
Helium

Cryotrapped by argon 63113
Glass 65264 65319

Re-emission 62113
Molybdenum

Re-emission 60179
Quartz 65181

Hydrocarbons 6329
Hydrogen

Activated carbon 64173
Aluminum film 6082
Barium 6251
Carbon 64117
Cerium 60177

Theory 60177
Cryotrapped by argon 63113
Germanium 6152
Glass, cooled 65240
Glass powder 2607
Iron wire 63102
Molybdenum film 62204
Niobium film 65206
Palladium - silver alloys 6094
Silicon 63135
Silver powder 2607
Solid gas films (argon, etc.) 62203

Titanium film 65128 65209
Tungsten 6083 62109 65197 65263

Krypton
Evaporated metal films 65294
Glass 65194 65196
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Adsorption (cont'd)
Krypton (cont'd)

Impact on glass releases argon 62112
Molybdenum 6156 65194 65294
Molybdenum disulphied 60108
Nickel 65196 65321

Penetration depth 6001
Platinum 6156 65294
Tantalum 65294
Tungsten 6156 6425 65294
Zirconium 6259 65294

Mechanism 6034 62168 62225 63128 63200 64195

Hydrogen on carbon 64117
On tungsten 6083

Noble gases 63196
Oxygen

On. nickel 6241

On oxygen 65297
Re-emission phenomena 62112 62113 65229

Review 62126 65229
Methane

Activated carbon 64173
Iridium 63216

Pyrex 64206
Neon

Activated carbon 64173
Glass, cooled 65240
Molybdenum 6156
Platinum 6156
Quartz 65181
Tungsten 6156 6425

Nitrogen 64211
Activated carbon 64173
Aluminum film 6082
Germanium 6152
Glass 65319

Powder 2607
Ions dissociated 65198
Iron wire 63102
Molybdenum 63111 6519&
Nickel 64194 65198
Niobium 63111
Plastics 6350
Pyrex 63214 64206
Silver powder 2607
Titanium film 65128
Tungsten 6030 62109 65197
Vacuum greases 6350

Nitrogen oxides
Aluminum films 6082

Oxygen
Germanium 6091 63135
Ionization gage grid 6337
Nickel 60122 6241 62115 6301
Silicon 6093 63135
Silver 64198
Tungsten 65197 65297

Potassium on tungsten 65161
Pump oil vapor 60163

Adsorption time 63329 65133

Rate 62126 62165 6301
Oil vapor in tubes 60163 6277

Theory, see just below
Re- amiss ion phenomena

Argon and Kr^ton 62112

Argon and noble gases 63156
Chemisorbed gases .on tungsten 62109

Helium and Krypton 62113
Helium on molybdenum 60179

Adsorption (cont'd)
Reviews, see Books and surveys
Space simulators

Cryogenic pumping effect 63199
Surface area measurement, see

Theory
Absorbing surfaces heterogeneous 65195
Diffusion mechanism assumed 65181
For hetrogeneous surfaces 65319
Gas mixtures 63327
General 63200 64160 64195
Germanium 6152
Henry's law in uhv 6503 65195 65196
Interaction, adsorbed molecules 6098
Metals 6145
Monolayer 63215

Penetration of ion through 65310
Polanyi correlation verified 64173
Porous solids, BET theory extended 60109
Rate 6175 62165
Rate of, during gas flow in tubes 3009
62111 6428 65202

Thermodynamics 65255
Triangular-site model 65264
Virial 65291
Zirconium 6259

Time for monolayer to form 6346
Water vapor

Glass 65298
Metal surfaces 6138
Molybdenum 6031
Plastics 6350

Xenon
Evaporated metal films 65294
Glass 65194
Molybdenum 65194 65294
Nickel 65321
Tungsten 6425 65294
Zirconium 6259 65294

Adsorption, activated (chemisorpt ion) see also
Gettering action. Ionization gages

n-Butane 6329
Carbon dioxide

Tantalum 63226
Thoriated irdium filament

Oxygen and carbon monoxide produced
62118

Carbon monoxide
Molybdenum 6031
Nickel 65293
Stainless steel , 700-1100°C 63234
Tantalum 6031 63226
Tungsten 62210 65223

Ethane 6329
Ethylene 6329
Hydrocarbons

Metal films 6329
Residual gases 6329

Hydrogen
Atomic with glass 6002
Molybdenum 61185
Tungsten 6002 6083 62210 64209 65184

Interaction, slow electrons and chemisorbed

oxygen 64171
Methane 6329
Nitrogen 64211

Molybdenum 61185 6477 6482

Tantalum 63226
Tungsten 62210 63287 6475 6483 65155



SUBJECT INDEX -

Adsorption, activated (chemisorption) see also

Getterlng action, Ionization gages (cont'd)

Oil vapor (DC 704)

Cracked by electron Impact on solid sur-

faces 6379

Oxygen
Aluminum film 6082

Chromium 64168
Copper 64168
Germanium 6091 63135
Iron 64168
Molybdenum filament 59180 64168 64171

Nickel 64168
Rhenium filament 59180 65224
Tantalum 63226 6423
Tantalum filament, lanthanum boride
covered 59180

Tungsten filament 59180 60138 6105 6423

64190 65125
Propane 6329
Review 62126 63157 63198 6488

Adsorption and degassing measurement
Adsorption determined by desorption

Measured by mass spectrometer 6156 61147

61164
Pressure rise measured 6157

Controlled leak-pressure drop method 63111

Degassing measured by getter- ion pump 60123
Desorption spectrometer, see Adsorption just

above
Desorption stimulated, measured by

Accumulation method 6034
Flow measured by pressure drop across
capillary tube 6034

Micro vane flowmeter 6034
Dynamic method 65317
Error sources

Conductance 60178
Diffusion 60178

Field emission microscopy, see

Flash filament techniques 6031 62210 64169

64209 65223
Desorption 6150 6206 6486 6577

Ionization gage filament 62221
Review 63319

Frequency change, quartz crystal vibrator
64174

Getter- ion pump, current integration 60123
Getters, adsorption measurement, see Getters
Loss of weight method, degassing 6268 6269

Low-energy electron diffraction method 6241
63135

Low energy electrons used 6004
Avoids extraneous effects 62107

Mass spectrometer
Adsorption and desorption 6023 6486
Chemisorption of nitrogen 6482
Thermal degassing of metals 65256

Microbalance, see
Nuclear magnetic resonance, hydrogen on car-

bon 64117
Pressure change vs time 60164 60167 6142
63103
Pressure maintained constant 6412

Flow controlled 63239 63240
Volume controlled 61136

Radioactive tracer technique
Krypton penetration in nickel 6001

Snoek damping 63102

- continued:

Adsorption and degassing measurement (cont'd)
Surface area measurement, see

Survey 60178 63272 6488

Throughput method 63274
Time to establish steady flow thru tube 63329
65133

Wagener flow method 62105
Air lock, see Locks, vacuum
Aluminum foil trap for heavy ions 6075
Ammonia

Probe gas, see Leak detection methods
Anode materials, microwave tubes, test of 6026

Argon
Adsorption, see

Purification 65177
Atmospheric pressure

Upper atmosphere, see
Atomic beam scattering

Proportional to pressure 6191
Atomic impact phenomena B649
Backstreamlng, see Pumps, diffusion
Barium

Getters, see

Melting point curve 6050
Migration on metals 65135
Purity 6050
Structure, getter films 6051 6052
Surface area, active 6050 6051

Barkhau sen- Kurtz oscillations, see Ionization
gages

Barometer, standard, see Mercury manometer
Bayard- Alpert ionization gage, see Ionization
gage. Bayard- Alpert

Bibliography
Adsorption B637 6145
Ion bombardment, metal surfaces 61130
Mass spectrometry 62156 6364
Periodicals 62197 65301
Pumps, diffusion 63107 63108
Vacuum as electrical insulator 60128
Vacuum measurement 6101 6507
Vacuum technology 6101 61140

Ultra high 62181
Viscosity gages 6541

Blears' effect, see Getterlng action, ionization
gages

Books and surveys
Adsorption B601 B621 B637 B652 62126 63157 6488

Atomic view 6474
Mechanism 65229
Metals 6145
Pressure measurement effects 6147
Space simulation aspects 63199
Theory B601 63200 64160
Ultra-high vacuum aspects 62181

Atomic bombardment, metal surfaces B649
Barometer history B641
Cathodes B655 6439

Cryogenic pumps, see Pumps, cryogenic
Cryogenics conference, 1965, summary 65290
Desorption (Degassing) B621 B654 62180 65229

Electrical measurements B525
Electromagnetic lenses 61221
Electron emission B526

Microscopy 63298
Electronics and radio engineering B552

Electron tube techniques B655
Evaporation rates

Metals B621 62180
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Books and surveys (cont'd)
Evaporation rates (cont'd)

Oils 62180
Field emission and ionization B614 63298
63319

Technology 62192
Field ion microscope 60202 6145 6549

Adsorption application 63319
Theory 6328

Friction under vacuum 62180
Fundamental measurement problems, conference
abstracts 6506

Getter-ion pumps B634 61133 62145 63221
Polish designs 61225
Russian designs 63283

Getters for carbon monoxide
Barium 6006

Glass, surface properties B645
Insulator, electrical, vacuum as 60128
Interferometry B516
Ion bombardment, metal surfaces B649 51130
Ion emission B526
Ionization gages, see also

Comprehensive B573 B621 B644 62181
Ionization phenomena B603
Kinetic theory of gases B611 B621 B642 B648
Leak detection, see
Mass spectrometers, see also

Comprehensive B633 B643 60125 6364
Materials

Vacuum technology B654
Vacuum tubes B604

McLeod gage B621 B644 6415 65289
Mercury barometers and manometers 6009

History B641
Microbalances, vacuum B612 B646
Micromanometers B642 60214
NPL conference abstracts 6506
Outgassing, see Degassing
Pirani gages B621 B644 61211 6507
Pumps, see Vacuum pumps, below
Radiometer gages B621 6507 65153
Rhenium and alloys 6453 64127
Seals, see also

Comprehensive B631 B654 62137
Electron tubes B655

Semiconductor circuits B602
Solubility of gases in liquids 4113
Space simulation B631 64116
Surface cleanliness, see
Surfaces, physical chemistry B601
Traps, see

Vacuum gages, see also Vacuum measurement,
general

Brief B647 60202 61222 63183 63310 6498
65185

Commercially available 6455
Comprehensive B553 B621 B631 B644 B651
B652 6102

Low pressure limits 61124
Mechanical manometers 60214 6507
Russian B573 64151

Standards 65289
Vacuum measurement

,
general , see

Vacuum pumps, see also Vacuum production
Brief 61228 62125
Comprehensive B621 B631 B635 B648 B651
B652 62181 63183

Cryogenic, see Pumps, cryogenic

Books and surveys (cont'd)
Vacuum pumps, see also Vacuum production
(cont 'd)

Diffusion 60153 63108 65227
Large capacity 63107

Non-liquid types 63283
Turbo-molecular B634

Vacuum techniques
Brief B634 B647 B652 60120 62124
Compilation of formulas B611
Comprehensive B613 B621 B631 B648 B651
B653 B655

Hungarian 62206
Russian B573
Ultra-high vacuum B635 60202 60205 6102

61147 61222 62163 63295 63312
Comprehensive B632 62181
Japanese 61140
Mass spectrometry 6315 63147

Valves B631
Vapor pressure measurement 2911
Vapor pressure, organic compounds 60197
Viscosity gages B621 6507 6541
Wear of materials 62180

Brazing, see Seals
Calibration techniques, vacuum gages

ASTM standard 65189 65191
Conductance pressure dividers

Minimum pressures, torr
5 X 10"12^ 5399
10-9 (^121 6527 65142
10-8 6572
10-7 6190 6295 62101
10-6 6193

Orifice 6193 6295 63288 63304 64131 64224
65142

Throughput measured 6572 65115 65116
Orifice and porous plug 6527
Review 62155 64262 65115
Theory 6131 6190 6193 6295
Tubing 6131 6190 62101

Throughput measured 64144 6520 65116

Expansion of gas, see Volumetric pressure
dividers, below

Field emission microscope as standard
Linearity of Bayard-Alpert ionization
gage, 10-7 - 10-10 torr 62100

Gas flow measured
- Constant flow through porous glass leak

65141
Pirani calibrated 64175

Ionization gage calibration
Conductance pressure divider and inter-

ferometric U-tube 65330
Review and precision of methods 65115

Isotopes used
Calibrate mass spectrometers 6274

Mass spectrometer as standard
Ionization gages 61161 6274 6399

Measures throughput 64144
McLeod gage as standard

Accuracy 60121 60136 60157 6398 65289
Bakeable 60136 60157 6192

Ionization gage 58169 60121 60136 60164
6132 6258 62143 64224 65289

Pirani gages 6456
Pumping action of cold trap, see McLeod
gages

Radiometer gage 55253
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Calibration techniques, vacuum gages (cont'd)

Oatley's method 6572 65115 65116

Radiometer gage as standard 6573

Rate of pressure change exponential 65142

Review 6016 6415
Russian research program 64262 65289

Thermolecular gage as standard 62233 65289

Traceability 6398
Vapor pressure method

Water 6130
Volumetric pressure dividers 5791

Design 6111 64244 6542 65333
Ionization gages calibrated 6542

10-7 . 10-4 torr 62102 65333
McLeod gage calibrated 64159

Pirani gage calibrated 6316

Review 62155
Theory 6111

Capture coefficients, see Condensation coefficient

Carbon, surface properties 6473 64230
Film on glass 6062

Cathode
Electrons liberated by photons 62209

Tunnel 65303
Cathode filaments, see also Ionization gages, hot

cathode
Adsorption, activated, see
Borides 5168 6181 6282

Coatings, various
Tantalum 64221
Tungsten 64221

Emission stabilization 62212

Hydrocarbon effect on emission 64268
Iridium, thoriated

Carbon dioxide produces oxygen and
carbon monoxide 62118

Lanthanum boride 6181 6282 63176

On rhenium
Method of coating 6555 65147
Performance 64147

Physical properties 5168
Sintered filament

Emission properties 65238
Surface ionization of cesium 65238

Laser heated 64241
Molybdenum

Thermionic emission 65284
Nickel

Composition 6037 ,

Perfomance 6037
Zirconium doped 62195

Oxide coated
Barium alloy on tungsten B526 62114
Barium on nickel 6293
Binder contamination eliminated 62193
Electrical resistance of oxide coating
65180
Emission properties

Barium-strontium oxides on nickel

62215
Evaporation vs composition 61232
Increased by adding hydrogen from
selective getter 6057

Mechanism 60106 61183 62206
Life of filament 64229

Nickel 62196
Steady and impulse conditions 65180

Methane formation 63280
Moist air effect; protection 6231

Cathode filaments, see also Ionization gages, hot
cathode (cont'd)

Oxide coated (cont'd)

Outgassing products 61182 6293 63185
Review B655
Temperature variations produced by
current flow 60106

Test methods
Aging 65178
Evaluation by dip test 65178

Thorium oxide - molybdenum cermet tech-
nology 62214

Review B526
Physical properties and technology 6439

Rhenium 6583 65224
Tantalum

Thermionic emission 65284
Temperature of filament

Radiation and heat conductivity effects
6519

Thorium oxide 63210
Tungsten, see also

Barium adsorption 64222
Carbon adsorbed, desorbed by adding
oxygen 65125

Carburized, thoriated, mechanical pro-

perties 6224
Degassing products 62229
Hydrogen molecules dissociated 65184
Life, dc and ac heating current 65166
Positive ion emission 58170 61207
Soret effect 65166
Surface condition, dc and ac current 65166

Thermionic emission 65284
Thoriated cermet covered 62191
Thoriated rhenium covered 62194
Thorium

Coverage for maximum emission
60102

On grain-oriented polycrystal-
line tungsten 65311

Vapor deposited 6377
Thoriated B526 B655 63210

Ceramics, see Materials for vacuum applications
Charcoal, activated, see Traps
Chemisorption, see Adsorption, activated
Clean surfaces, see Surface cleanliness
Cold traps, see Traps
Color of ion beam impinging on metals

Determines beam composition 62110
Condensation coefficient, see also Pumps cryo-

genic
Argon

Cryogenic pumping 63253
Argon ions

Molybdenum 6156
Platinum 6156
Tungsten 6156 6157

Carbon dioxide
Cryogenic pumping 6177 6244 63253 64238

Carbon monoxide on tungsten 6030 62210 64169

Definition 62126
Gases (13) 64227
Hydrogen

Cryogenic pumping 61217 6245 6384

Getter- ion pump 61209
Titanium 65130
Tungsten 62210 65197 65263
Variation with temperature 65230
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Condensation coefficient, see also Pumps cryo-
genic (cont'd)

Hydrogen atoms
Cryogenic pumping 61217

Krypton ions
Molybdenum 6156
Platinum 6156
Tungsten 6156

Measurement at low temperatures 6476
Metal surfaces, clean 64231
Nitrogen

Cryogenic pumping 6177 6245 63114 63253
Ions on molybdenum and nickel 65198
Molybdenum 63111
Niobium 63111
Tungsten 6030 6147 62210 63287 6475
65197

Oxygen
Tungsten 6105 6147 65197

Review, 65229
Low temperature 6476 65241

Theory
Cryopumping 6244
Surface coverage, temperature effect
64134

Conductance of tubes and orifices, see Flow of

gases
Conductance pressure dividers, see Calibration
techniques, vacuum gages

Contact potentials. Influence of adsorbed gases
65332

Controlled leaks, see Leaks, controlled gas
Corona discharge altimeter 6584
Cryogenic pumps, see Pumps, cryogenic
Cryogenics conference, summary 65290
Cryosorption, see Pumps, cryogenic. Traps

Review 652 72

Cryotechniques
Review 64128 64142

Crystal structure, solid gas films 65126
Deadweight disk valve pressure gage 2706
Decomposition

Ethane, ethylene on iridium 64203
Hydrocarbons on metal films 6329

Definition, vacuum terms, see Terminology
Degassing, see also Getters

Alumina
Surface area 6267

Aluminum
Gas composition 6139
Quantity outgassed 6142 63123
Surface area 6267

Aluminum alloy 6061-T6
Gas composition 6222

Quantity outgassed 6222
Armco iron

Nitrogen desorbed contaminates Xenon
63273

Barium getter performance in sealed tube
64122

Ceramics, residual gases 64257
Copper 63274

Gas composition 6139
Quantity 63103
Surface area 6267

Desorption by electron impact
Carbon monoxide and oxygen from grid
6337
Electron multiplier 6504

Degassing, see also Getters (cont'd)
Desorption by electron Impact (cont'd)

Efficiency 63275
From tungsten

Carbon dioxide 65157
Carbon monoxide 64135 64184 64185
65157

Hydrogen 64135 64185 65157
Methane 65157
Nitrogen 65157
Oxygen 64135 64185 65297
Xenon 65157

Mechanism 64185
Theory 62107 62211

Desorption by photons
Nickel ribbon, heated

Carbon monoxide 6148
Nitrogen 6148

Desorption by rubbing a surface 61200

Desorption, cold trap, warmed 61120 6563

Desorption, ionization gage not operated

64146
Desorption, nitrogen pumped by ionization
gage 63101

Desorption, thermal, theory 6538 65300

Elastomers
Before and after bakeout 6529

Electron and positron storage rings
Radiation effects 6531

Electron impact, see Desorption by, above

Electron multipliers 6504

Epoxy resins
Quantity outgassed 6142 6268 6269 6271

With time and temperature 6033

Flash desorption
Secured by temperature change 6132 6206

Flushing with nitrogen 6351

Fused silica
Gas composition 64132

Glass
Argon 62225
Carbon dioxide chief residual 6518

Desorption of adsorbed gases 63271

By electron bombardment 63270

By ion bombardment
Mechanism 64163

Isothermal 65203
Gases desorbed, various glasses 6249

6267
Aluminized glasses 6004

Procedures for degassing 6518

Pyrex, surface area 6267

Water vapor, after atmospheric exposure

65298
Desorbed in electron tubes 6032

Graphite, surface area 6267

Inconel, gaS composition 61123

Ionization gages 61201

Bayard-Alpert 60133

Iron 6034 6139
Carbonized 6034

Kovar, gas composition 61123 61233

Measurement, see Adsorption and degassing

measurement
Mechanism 62168 62225 6343

Metals, temperature effect 6266

Mica 6290
Molybdenum 61233 64164 65256

Anodes 6128
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ssing, see also Getters (cont'd)
Molybdenum 61233 6488 64164 65256 (cont'd)

From 80°K to 115°K, u.h. vacuum 63112
Helium, reemission after ion pumping
60179

Monel, gas composition 61123
Mylar film 6269 6271
Nichrome- iron alloy, 50-50, gas composition
6113

Nickel 6034 60167 61233 63274
Effect of impurities when heated

Carbon 62175 63265
Magnesium 62175
Silicon 62175

Pretreatment , effect of 6141 63255
Techniques 6035

Niobium 64164
Nitrele 6404
Photo desorption of carbon monoxide

Iron 6553
Molybdenum 5553
Nickel 6553
Pyrex 6512
Quartz 6512
Tungsten 6512
Zirconium 6553

Plastics
Before and after bakeout 6529
Quantity outgassed 6142 6314

Radiation effect
Pol3miers 6271

Review B621 6343 63183
Metals 6138 6142

Rubber-like materials 6366 63103 6529
Silicone resin 6269 6271
Silicone rubber 63103

Mechanism 63106
Temperature treatment reduces readsorbed
gas 63106

Silver chloride 63155
Stainless steel

Carbon dioxide 6150
Carbon monoxide 6150
Gas composition 6139 61123 6222
Hydrogen 6150
Nitrogen 6150
Polished surface 63209
Quantity outgassed 6142 6222 63123
Surface area 6267

Stainless steel envelope, residual gases
61102

Polished and unpolished surface 63209
Steel, mild

Gas composition 6222 61233
Quantity outgassed 6222 61233

Surface area measurement, see
Surface cleanliness effect 63203
Tantalum 61233 65256
Teflon 6269 6271 6314 6366 63103

Irradiated 6271
Theory 6122 6137 6343

Bakeout effect, metals 6266
Contaminated metal surfaces 6138
Outgassing vs pumping time 63340 65212
Pressure increase vs time 63103
Rubbers 6366
Thermal desorption 6538 65276 65300
Thermal resolution, energy spectra
6206 6223

Degassing, see also Getters (cont'd)
Titanium 6034 61233 65256

Film, residual gases 63338
Titanium oxide, photo desorption 6088
Transistors 63299
Tungsten 61233 6486 64164 65256

Contaminants evaporated 62229
Heated filament, inert gases 6425
Hydrogen 65263
Photo desorption 6512
Thermal desorption

Cesium 65292
Strontium 65242

Vacuum systems, large 6118
Viton 63103 6404 65299
Water vapor

From glass 65298
From metals 6138

Zirconium 63103
Density, gas, measured 6184
Desiccants, see also Traps

Alumina 6123
Molecular sieve 6123
Phosphorus pentoxide 6123
Silica gel 6123

Desorption, see Degassing
Method of measuring low pressure 61164
Review 6145

Desorption spectrometer, see Adsorption and de-

gassing measurement
Diaphragm gages, see Mechanical pressure and
vacuum gages

Diffusion into or through solids
Air

Mylar 64137
Argon

Plastics 61171
Vitreous silica 6136

Carbon dioxide
Ceramics 61123
Stainless steel 61123

Carbon in nickel 6035
Carbon monoxide

Ceramics 61123
Nickel 64165
Stainless steel 61123

Helium
Ceramics 61123
Enamelled iron 6066
Glass 6134 6136 62182

Quartz
Purity of 6112 61105
Temperature effect 61127

Stainless steel 61123
Vacuum tubes 61111
Vitreous silica 6136
Vycor 6003

Hydrogen
Ceramics 61123
Chromium- nickel steels 63105
Copper 61171 6247
Ferro-nickel 61171

# Inconel 6247
Iron

a 64267
Enamelled 6066
Gas free 6247

Kovar 61123 6247
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Diffusion into or through solids (cont'd)
Hydrogen (cont'd)

Low carbon steels 63105
Solubility 63105

Metals 6136 61123 6247
Monal 61123 6247
Nickel 61123 6247 63274 64165
Palladium 6076 61138 61171

Controlled leak 6085
Desorption, hydrogen deuterium
6089

Hydrogen analysis in metals 6080
Purifies hydrogen 61105 61148
Temperature effect 6076

Plastics 61171
Pyroceram 61231
Quartz 6331 64132
Stainless steel 61123 6247
Steel, cold drawn 6247
Thorium 60111
Vitreous silica 6136
Vycor 6003

Measurement procedures 61171 64267
Neon

Vycor 6003
Nitrogen

Ceramics 61123
Plastics 61171
Stainless steel 61123
Vycor 6003

Oxygen
Plastics 61171
Purity, through silver 61105
Vitreous silica 6136

Theory
Permeation of a gas monolayer 64204

Water vapor
Glass 6249
Plastics 61171

M-film 65110
Water vapor, heavy

Plastics 61171
Diffusion pumps, see Pumps, diffusion
Dynamic pressure measurement

Capacitance - flat diaphragm gage 60112
Conductance of tubing lag

Capillary tubing, viscous flow 5275
Outgassing effect 5577
Theory 4925 5577 6284

Electrical mass filter mass spectrometer
Performance 6294

Ionization gages 6114 6211 6213 63300
Nude 60129

Penning gage 63191
Pirani gage, thermister 6109 63252
Upper atmosphere, see
Vacuum systems

Theory 6284
Effusion-torsion apparatus, see Vapor pressure
measurement
Elastomers, see Rubbers
Electrical breakdown 62208 64218 65307 65313

Due to adsorbed gas 6544
High voltage thermionic tube 65183
Review 6547

Electrical contacts, sliding 6589
Electrical insulation, see also Seals, electrode

feed through
Vacuum, review 65254

Electrical measurements B525
Electrode installation, see Seals
Electromagnetic lenses

Review 61221
Electron emission, see also Cathode filaments

Vacuum cleaved solids 6513
Electronics, general B552
Electron impact

Cracks oil vapor DC 704 adsorbed on solid
surface 6379

Desorption caused, see Degassing
Ionization cross sections

Argon, carbon monoxide, helium, mercury,
neon, nitrogen 61139

Releases oxygen and carbon monoxide from
grid 6337

Electron multiplier 6554
Electron scattering vacuum gage 63306
Electron tubes

Methane formation 63280
Residual gas

Data 6019
Effects 61155
Measurement method 6018

Emission microscopy, see Field emission microscopy
Epoxy resins

Outgassing data, see Degassing
Seals 6097 61115 61194 63289

Evaporation
Liquids under vacuum

Theory 65219
Metals

Review B621
Farvitron, see Mass spectrometers
Feed through, see Seals, electrode feed through
Field emission microscopy

Adsorption
Carbon on tungsten 65125
Copper on tungsten 65316
Hydrogen on tungsten 63172
Nitrogen on tungsten 6477 6483
Potassium on tungsten 65161
Review 63319

Applications 6549
Back streaming 6038

Barium migration on metals 65135

Calibrates ionization gage 62100
Carbon monoxide desorption 63228

Cathode performance 62120
Desorption, from tungsten

Carbon monoxide 64184 64185
Electron impact, six gases 65157

Field ion microscope, all metal 65127
Image intensification 6411 6578 65127

Ion impact frequency proportional to pressure
6369
Pressure measured 62177 63332 6460

Application 65148
Contaminated tungsten point 6460
Emission current change 63332

Ion impact frequency measured 6369

Noise level measured 62224
Residual gas analysis 62202

Review B614 6145 6328 63298 63319 6549

Technology 62192
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Field emission microscopy (cont'd)
Tungsten points cleaned by bombarding with
argon ions 62213

Ultra-high vacuum evaluation 62177
Work function, tungsten crystal 65312

Flash filament techniques, see Adsorption and de-

gassing measurement
Flowmeters, see also Flow of gases

Pressure drop across diaphragm measured 58168
Flow of gases, see also Leaks, controlled gas

Free molecular, see Flow of gases, free
molecular
Transitional, viscous and free molecular

Argon 64205
Capillary tubes

Mercury vapor 6368
Helium 64205
Leak conductivity 65275
Neon 64205
Nomograph 6067
Pyrex disks

Air 6106
Carbon dioxide 6106
Hydrogen 6106

Theory 6106 6368 64234 65201
Tubing, circular, annular, rectangular

Data, hydrogen, helium, carbon
dioxide, freon 61113

Theory 61113
Viscous flow

Capillary tubing
Theory 5275 62119

Nomograph 6067
Tubing, circular, annular, rectangular

Data, hydrogen, helium, carbon
dioxide, freon 61113

Theory 61113
Adiabatic, laminar and turbu-
lent 65111

Flow of gases, free molecular
Adsorption rate in tubes

Oil vapor 60163 6277
Theory 3009 62111 6428 65202

Conductance
Annulus 6342
Apertures and orifices 60171

Conical 63148
Oil vapor 6312
Theory 5274 6013

Capillary tubes 62119 6368
Mercury 6368
Theory 65315

Chevrons 60171 6342
Elbows 60171 60190
Flat plates, theory 65315
Glass capillary tubes

Helium 61112
Temperature effect 61112 '

Theory 61112
Louvers 60171
Nomograph 6067
Orifices, see Apertures, above
Parallel plates 63335

Temperature non-uniform 64145
Rotating disk and parallel plate 64263

Flow of gases, free molecular (cont'd)
Conductance (cont'd)

Tubing
Circular, annular, rectangular 6342

Carbon dioxide, freon, helium,
hydrogen 6113

Theory 6113 6342

Long tubes, adsorption effect 6428
65202

Oil vapor 60156 60163 6277 6312
Temperature effect 6312

Short tubes, theory 6445
Surface roughness, various 6408
Theory 6013

Kirkendall effect 65329
Transmission probabilities
65315

Various geometries
Data 60171 6342
Theory 60190 62167 6342

Measurement through capillaries
Pressure difference vs time 61112

Thermal transpiration, see
Throughput, see also Pumping speed measure-
ment

Flow constant through porous glass
disk 65141

Oatley's method 6572 65115 65116
Pressure drop across a conductance
63240 6572 65115 65116

Volume input flow measured against time
By displaced liquid 6196

Transfer theory in vacuum system 64215
Flow regulator

Cooling water 6257
Friction under vacuum 62180
Fused silica, see Silica, fused
Gages, see Pressure measurement
Gas clean up, see Degassing, Gettering action,
ionization gages

Gas flow, see Flow of gases
Gaskets, see also Seals

Aluminum
Foil 63123
Leak vs stress 61109
Soldered to flange 61118

Application
Metal systems, large 60149

Copper, leak vs stress 61109

Degassing properties
Elastomers 61116
Temperature effect 60149

Viton 60150 61116
Elastomers

Leakage 61116 64155
Sublimation 61116 6270

Flange design 63122
Gold 6236
Indium- tin wire for rough surfaces 6534
0-rings

Outgassing 65170 65175
Plastics 60149
Rubbers 60149
Viton 60149 60150

Review 6288 62137
Sealing pressure data 63122
Wire gaskets 61159 6288 62137

Aluminum 60186
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Gas purification
Helium permeating quartz 61105
Hydrogen permeating palladium 61105
Molecular pump separates light and heavy
gases 6218

Oxygen permeating silver 61105
Gettering action, ionization gages, see also Ion
pumps

Bayard- Alpert gages, see also Hot cathode
gages, below

Argon 62225
Mechanism 6412
Theory 63317

Electron emission effect 6212
Gettering various gases, see Hot
cathode gages, below

Intermittent operation, residual argon
pressure 64146

Sorption and desorption 60133 60163
6147 61173 65187

Blears effect, see Hot cathode gage, below
Cold cathode gage

Argon 60138 6252
Krypton 6252

Mechanism 6252
Nitrogen 60138 6252

Oxygen 60138
Degassing methods, effect of 60206 6173
Diode gage

Argon 62106 62108
Helium 62108
Krypton 62108
Neon 62108
Re-emission, inert gases 62106 62108
Xenon 62108

Hot cathode gages
Argon 60172 60176 6173 61128 61178
61198 61206 6340

Mechanism 61198 62131 6356
Blears effect 60156 61173 6304
Carbon dioxide 6049
Carbon monoxide 6049 6147 63123

Helium 60176 6173 61198 61206 6340
65262

At low wall temperature 6373
Hydrogen 61178 61206 63123 63220 65154

Intermittent operation no advantage,

chemically active gases 65154
Krypton 60176 61198 61206 6340 65262

Mechanism 60176 6174 61178 61198 61206
61215 6207 6330 6340

Secondary gas clean up 6172

Neon 60176 61128 61198 61206

Nitrogen 6049 60172 6174 61128 61178
61206 63101

Mechanism 6207 62131 6356 63101

Pump oils
Blears effect 60156

Review 60162 6147 6330 63196

Xenon 60176 61198 61206

Hot cathode-magnetron gage 6104

Electron beam gage 6178
Magnetron gage

Argon 60172 6289
Carbon dioxide 6289
Helium 6289
Hydrogen 6289
Nitrogen 60172 6289
Oxygen 60172 6289

Gettering action, ionization gages, see also Ion

pumps (cont 'd)

Measurement methods 60176 60206 6174
See also Adsorption and degassing
measurement

Pressure, initial, effect of 60206
Getter-ion pumps, see also Gettering action,
ionization gages, Ion pumps

Applications 62145
Microwave tube to reduce noise 6036
Pressure gage 63188

Argon sputtering increases hydrogen pumping
6127

Cold-cathode type, see Ion pumps
Design, evaporation type

Chromium 63282
Combination, Penning and titanium
sputtering 63129

Molybdenum
Stainless steel envelope 6126

Power supply and control circuit 62162
Review of factors 6272
Silicon monoxide

Evaporated from tungsten filament
61223

Titanium 5690 60134 60230 6170 61147
62152 63126 63188 64124

Electron path long 65210
Filament, 15% Mo 65174
Klopfer-Ermrich 63301
Large 60152 6166 63129 63257 63282

65174 65211
Liquid nitrogen cooled 63139 65130
65174

Miniature 6007 6040 60148 61132

63186 63339 64107 65210
Polish 64256
Russian design 60219 60230 63282

63339 64107
Sublimation designs 6417
Sublimed by electron impact 60152

6273 62152 65271

Titanium wire around tungsten fila-

ment 6491
Vaporizer operates in strong mag-
netic field 65282

Water cooled 6169 63139
Titanium carbide getter 6365

Mechanism of operation 62145 63129 63241

Carbon monoxide pumping 64269

Titanium type 60130
Penning type, see Ion pumps
Performance 60151 60152 62145 63321 63322

Bake out effect 63322
Barium getter 61193
Chromium getter 63282
Impinging ions liberate noble gases

63207
Molybdenum getter

Hydrogen 6126 63256
Residual gases in sealed system

63256
Pump down time 60169

Pumping rate
20,000 1/s 65211
50,000 1/s 63129

Theory 6175
Various gases 64124

Review of factors 6272
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Getter-ion pumps, see also Gettering action,
ionization gages. Ion pumps (cont'd)

Performance (cont'd)
Silicon monoxide getter 61223
Tantalum getter 6171
Thorium getter 61193
Titanium carbide getter 6365
Titanium getter 6036 60134 6170 62152
63147 63188 65271

Air 60134 6151 62132
Anomalous currents, origin 62223
6459

Argon injection improves 63206
Benzene 61134
Carbon and hydrogen impurities pro-

duce CH3 6153
Carbon dioxide 6166
Carbon monoxide 6166 64269
Constant current, power and voltage
compared 65208

Helium 6040
Hydrogen 60148 6127 6166 61209
62132

Interaction, ion gage and getter
63264

Klopfer-Ermrich 63301
Liquid nitrogen cooled depositing
surface 65130 65174

Methane 6040 61134 63129
Miniature pump 6007 6040
Multiple filament type 64124
Neon 6040
Nitrogen 60134 6166 6169 61143
65208
Oxygen 60134 6151 61143
Polish 64256
Pumping speed 63206

High 63257 6491 64235 65174
65211

Low 65210
Various gases 64124 65208

Review 65304
Russian 60225 61193 63282 64107
Titanium sublimed v& evaporated
6417

Titanium, sublimed by electron impact
6273

Triode pump 62173
Water vapor pumping 64129
Zirconium getter 6171 61193

Air 6151
Hydrogen 6127
Oxygen 6151

Pressure measured by discharge current 63332
Residual gases 61167 61229 65106
Review 5690 61133 62145 63221 63342

Mechanism of operation 6061
Polish designs 61225
Russian designs 63283

Sputter- ion pumps, see Ion pumps
Titanium getter, gases evolved during bake-
out 6421

Titanium vaporizer operating in strong mag-
netic field 65282

Vac- ion, see Ion pumps
Getters, see also Traps

Barium
Area of active surface 6050 6051
Carbon dioxide 6042 6049

Getters, see also Traps (cont'd)
Barium (cont'd)

Carbon monoxide 6042 6049 6054 6102 65277
Review 6006 6054

Design 62141
Evaporation of barium measurement 60196
Hydrogen 6042 6049 6056 6125 6167 6251
65277

Measurement techniques see Methods of

measuring adsorption, below
Mechanism 6042 6049 6051 6056 6125
Mercury vapor effect 6043 6046
Methane 6042 6053
Nitrogen 6042 6049 6055 65277
Oxygen 6042 6049 6155 6167
Performance 6047 6050 6053 6167 6251

Adsorbs outgassing in sealed tubes
6042 64122
Ionization gage gettering minimized
6047 6056

Review 6006
Structure, evaporated films 6051
6052

Techniques 6043 6047 6048 6055
Temperature effect

Carbon monoxide 6054
Hydrogen 6056
Nitrogen 6055

Vacuum tubes
Life 6042

Water vapor 6032 6033 6042
Barium- aluminum

Performance 6043
Mercury vapor effect 6043

Cadmium 65273
Cerium alloy 400

Carbon dioxide 61121 61122 61125
Carbon monoxide 61122 63260
Design 61122
Hydrogen 61121 61122 63260
Methane 61121
Nitrogen 61122 63260
Oxygen 61122
Theory, influence of diffusion 61121
61125

Ceto, see Thorium- aluminum alloy below
Charcoal, activated, see Traps
Mechanism 6090
Metal powders 63261

Ceto alloy 63262

Nickel 63262
Titanium-zinc 63262

Methods of measuring adsorption 6043 6047

6048 6054 6251 65277

Misch metal-copper-aluminum alloy
Slowly desorbes adsorbed hydrogen 6057

Molybdenum
Hydrogen, various temperatures 63204
Surface scraped 63160

Review 61133
Silica gel 60220
Thorium

Performance 6155 6378
Thorium-aluminum alloy

Hydrogen 6045
Titanium

Oxygen, mercury vapor effect 6046
Performance 6155

Film 6041
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Getters, see also Traps (cont'd)
Tungsten

Performance 6378
Zeolite, see Traps

Zirconium
Oxygen, mercury vapor effect 6046
Performance 6155 6378

Zirconium alloy
Carbon monoxide 63260
Hydrogen 63260
Nitrogen 63260

Zirconium-aluminum alloy 6044 6155 63263
Glass, see also Silica, fused

Adsorption, see

Alumino silicate
Bakeout at 700''C 60187

Contamination, clean surface
Carbon film 6062
Organic and silicone vapors 6333

Diffusion of gases through, see Diffusion
Gas desorption, see Degassing
Particles evaporated, when heated

Composition 6246 6320
Contaminates

Electrodes 6320
Glass surfaces, cold 6246

Water soluble 6246
Physical properties 6014
Seals, see

Surface properties B645
Transparent electroconductive coatings 6073
Vycor, see Silica, fused

Glossary of vacuum terminology, see Terainology
Graphic sjmibols 6407
Halide leak detector 60208 6354 65327
Heat conductivity, see Thermal conductivity
Helium

Adsorption, see

Cryogenic pump, see Pumps, cryogenic
Diffusion, see Diffusion into or through
solids

Liquifying apparatus 65246
Probe gas, see Leak detection methods
Purification processes 65177

Hydrocarbons
Adsorption, decomposition on metal films
6329

Hydrogen
Adsorption, see

Cryogenic pump, see Pumps, cryogenic
Detector, space application 6502
Diffusion, see Diffusion into or through
solids

Liquifying apparatus 65246
Probe gas, see Leak detection methods
Tritium present as residual gas 6336
Vapor pressure 6245

Impurities in solids, detection of 65123

Insulating adhesives 65218
Insulation, electrical, see Electrical insulation
Insulation, thermal, see Thermal insulation
Insulator, electrical, vacuum as

Review 60128
Interferometry B516

Liquid level measurement, Michelson inter-

ferometer 6585

Micromanometer application, see Micromano-

meters, liquid U-tube
Polarized light beams used 64192

Ion emission, heated metal surfaces 6516
Ion impact phenomena, see also Ion pumps, Getter-
ion pumps

Adsorption

Argon
Tungsten 6157

Argon, Krypton, Neon by
Molybdenum 6156
Platinum 6156
Tungsten 6156

Alkali ions from hot tungsten filament 58164
Increased by impact of rare gas ions
58164

Metal surfaces
Color, a function of beam composition
62110

Mechanism 61130
Review B649 61130
Theory 61130

Ionization coefficients, gas mix-
tures 6466
Ionization gages

Alphatron, see Radioactive ionization gages
Bayard- Alpert , see Ionization gages, Bayard-
Alpert

Calibration techniques, see
Cold cathode, see Ionization gages, cold
cathode

Diode, for measuring alkali vapors 62122
Electron beam, see Ionization gages, hot
cathode magnetron

Hot cathode, see Ionization gages, hot

cathode
Hot cathode magnetion, see Ionization gages,
hot cathode magnetron

Magnetron, see Ionization gages, magnetron
Modulated Bayard- Alpert , see Ionization gages,
Bayard- Alpert
Orbitron, see Ionization gages, orbitron
Penning, see Ionization gages, cold cathode
Philips, see Ionization gages, cold cathode
Phosphor screen, counter 6070 61199
Photomultiplier , see Ionization gages, photo-
multiplier
Pumping action, see Gettering action, ioniza-
tion gages

Radioactive ionization gages, see

Range, Russian models 64151
Reviews

Brief 61133 61211 61228 62125 62155
62159 6302 6352 63311 6507

Comprehensive B573 B621 B644 62181
Gettering action 62124
Performance 60162 60164 6282 62125 62159

Schulz-Phelps gage, see Ionization gages, hot
cathode

Scintillation detector gage 6070 61199
Suppressor grid gage, see Ionization gages,

hot cathode
Time-of -current rise 6391
Ultra violet photons counted 6184

Ionization gages. Bayard- Alpert
Adsorption and desorption data 60133 60163
6147 61173 65187

Applicat ion
Helium and neon pressure in upper air
samples 60161

Helium impurities measured 65151
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Ionization gages, Bayard- Alpert (cont'd)

Application (cont'd)
Neutral gas density surrounding plasma
6211
Space simulator 64245

Background currents 60162 6179 6180 6226

Alkali impurities in tungsten cathode
6392
Ionization, adsorbed gases at grid 6393
X-ray, see X-ray limit below

Barkhausen oscillations 60162 6132

Bistable operation 6132 61128
Calibration techniques, see

Cathodes (hot wire), see Ionization gages,

hot cathode
Chemical activity, see Adsorption, activated
Comparison with cold cathode gage 65187

Comparison with Omegatron 6229

Degassing
Precautions, molybdenum anodes 6128
Problems 6229

Provision for 6260
Design 5685 60207 60212

Combined with mass spectrometer 65144

Dynamic measurements 6114 6211
Electrodes shielded from glass envelope

6188
Electron emission control 6129 6260 6305

Double grid used 59182

Transistorized 6468
Electron reflector used 60224
Filament, iridium, thorium coated 5685

Lanthanun boride 64152
Glass envelope cooled 6305
Indication logarithmic 5687 60204 6260
62104
Ion collector area small 59181 6102

Ion current held constant 62217
Magnetic field added 60224
Miniature 62105 6390 63299
Modulated, see Tetrode below
Power supply regulated 5685 61220 6260

6305 63110
Protection against over pressure 6305
Sensitivity increased 60224 63259

Space simulator use 64245
Tube geometry 6188 61220 63259
Wall potential stabilized 62104 6545
X-ray limit reduced 59181 6179

Dynamic performance 6114 6211 63175
In satellite 6390

Electron impact releases oxygen and carbon
monoxide from grid 6337
Gettering action, see Gettering action, ioni-

zation gages
Helium impurities detected, accelerating
potential varied from ionization potential
65151
Installation problems 6016 6195
Interaction with magnetron gage 6388
Intermittent operation, residual argon pres-

sure 64146
Ion current held constant 62217
Modulated, see Tetrode below
Performance, general 62207

ASTM calibration standard 65189 65191
Electron oscillations vs sensitivity
64252

Gage location errors 6016 6195

Ionization gages. Bayard- Alpert (cont'd)
Performance, general (cont'd)

Gage temperature low 64245
Nonproportionality, sources of 6071
Sources of large errors 60113 6110 6212
Variation of, with degassing history
62216

Performance, nude vs tube-connected gages
Blears effect 60156 61173 6304
Tubing conductance effect 63204
Ultra-high vacuum 63332

Pressure range, high, torr
10"3 5685 5687
1 6545

Pressure range, low, torr
10-7 5687
3 X 10-10 59181
lO'lO 5685 531^89
10-11 6545
10-12 6179

Review B621 B644
Performance 60162 60164 61124 6212 65115

Sensitivity
Controlled by change in filament current
64152

Effect, desorption from grid 65187
Electrode shielding effect 6188
Filament to electrode distance effect
6188

Linearity range 6242 6545
Variation with

Collector dimensions 65308
Electrode geometry 6237 63259 65308
Electron emission 60164 6188 6299
62143 6304 6399 6545

Nude gage 63244
Power supply 6237 65262
Wall potential 6132 61128 62104

Sensitivity, various gases
Air 58169 61189 63189
Ammonia 6520
Argon 60121 61128 61189 6399 63154 63189
63204 6520 65262

Bromine 58169
Carbon dioxide 61189 6520
Carbon monoxide 61189 63154 63204 6457

Carbon tetrachloride 58169
Chlorine 61189
Ethane 61189
Ethylene 61189
Freon 58169
Helium 60121 61128 61189 6399 63189 63204
6457 64159 6520 65262

Hydrocarbon gas mixtures 6063
Hydrochloric acid 58169 6520
Hydrogen 61189 63189 63204 6457 6520
Krypton 61120 61189 64159 6520 65262
Methane 61189 63204
Neon 61128 61189 63189 63204 64159 6520
Nitric oxide 61189 63154
Nitrogen 60121 6179 61189 6237 6399 63189
63204 6457

Nitrous oxide 63204
Oxygen 63154 63189
Propane 61189
Proportional to

Atomic number 61155 6237
Effective cross section of molecules
5791
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Ionization gages, Bayard-Alpert (cont'd)
Sensitivity, various gases (cont'd)

Review 6095
Sensitivity ratio vs ionization cross
section ratios 6095

Sulfur hexafluoride 58169
Sulfur trifluoride 6520
Xenon 61128 61189 64159

Tetrode (Modulated)
Design 6079 61147 6326 65190
Linearity range 63100
Performance 6079 6182 6240 62159 6326
6337 64143 65150 65190

3 X 10-13 torr 65150
7 X 10-15 torr 64143

X-ray effect changes with pressure 6240
Theory 60212 6188 63189

Linearity limits 60121 6188 63259
X-ray limit 60162 6389 63205

Electrode geometry effect 6179 6296
Electron emission effect 6226 6299 63205
Mechanism 63205
Reduced by small ion collector 59181
6296

Reversed X-ray current 6394
Review 6180 6296 6299
Tetrode suppresses, see Tetrode, above
Theory 6180 6296 63189
Variation with gas composition 6226

Ionization gages, cold cathode
Barnes design, phosphor screen, counter 6070

Comments 61199
Calibration techniques, see

Design 61204
Electron multiplier used 6395
Hot cathode triggers discharge 6395
Multicellular anode 6443
Russian 6435 6443

Dynamic performance 63191
Gettering action, see Gettering action,

ionization gages
Magnetron, see Ionization gages, magnetron
Mechanism of discharge 64216

Magnetic field strength varied 64170
Pulse characteristics 6582

Oscillations investigated 64139

Microwave region 62232 64199
Performance, trigger type 6395 65187 65188
Phosphor screen-counter type 6070

Comments 61199
Potential distribution in discharge 6319

Sensitivity
Linear, 3 x 10-^ to 3 x 10-3 torr 61204

10-'^ to 10-9 6435 6443
10-3 to lO-l'^ 6395

Various gases
Helium 6395
Hydrogen 6395
Mercury 6395
Oxygen 6395

Space charge effects 62184
Theory 61190 62116

Ionization gages, hot cathode
Accuracy, Schulz type 6398
Application 62207

High pressure 6064 6130 61135
In presence of pulsed magnetic field
61188

Leak detection 6184

Ionization gages, hot cathode (cont'd)
Application (cont'd)

Neutral gas density near plasma 6211 6327
6382

Pressure measurement 62207
Standard 63238 65160 65289
Water vapor measurement 6130

Background currents 60162 6180 61135
Adsorbed gas release 63167
X-ray limit

Design for suppression 6283 6311
6391

Reduced by cycling accelerating
voltages 61156
Review 6180
Theory 6180

Barkhausen-Kurtz oscillations 60162
Mechanism 61180
Prevention 61180

Blears effect 60156 61173 6304
Calibration techniques, see
Calibration, water vapor 6130
Cathodes (hot wire), see also Cathode fila-
ments

Borides 5168 6181 6282
Emission stabilization 62212
Iridium

Thoria coated 6130 61135
Yttrium coated 61135 64179

Overpressure protection 61197
Oxide coated

Moist air effect; protection 6231
Tungsten, see

Conductance tubing effect 61163 6282
Degassing 61201 63238 65160
Density measured 6184
Design

Crossed electric and magnetic fields
6401
Electrical circuits 6282 62183 6382
Electrodes

Electrically heated to outgas 63165
Geometry 61179
Platinum 63238 65160

Electron emission regulated 60204 61152
Electron multiplier output 6402

High pressure measured 6064 61135
Indication logarithmic 5687 60204 61230
Ion current large 6401
Operates in strong magnetic field 6211
6327 6382

Pentode, miniature 63300
Photocurrents suppressed 6283 6325
Polish 60211
Power supply

Alternating current 6213
Regulated 60204 6208 62183

Transistor 62228 6361 63110
Protective circuit against overpressure
61197
Recording system 6208
Russian 61135 64179
Schulz-Phelps 6457
Tetrode, extra grid, see below
Time of use of ion current

Oscilloscope, no amplifier 6391
Transistor amplifier 64121
Ultra violet photons counted 6184
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Ionization gages, hot cathode (cont'd)

Desorption from hot filament, effect on

pressure 62221
Dynamic measurement 6211 6213 6327 6382 63300

Nude gage 60129
Electron scattering gage 63306
Electron tube itself 64141
Film on glass envelope, removal 63158

Gettering action, see Gettering action,

ionization gages. Adsorption, activated
Magnetic field, effect of 6185 6193 63325

Pulsed
Output effect on gage eliminated
61188

Performance general 62207 62216 64224
Chemical activity in gage 60162

Hydrogen pressure measurement problems

65184
Intermittent operation no advantage,

chemically active gases 65154
Transistor amplifier 64121

Pressure range, torr
10'5 to 10"^ 6064
10-5 to 1 61135
10-'^ to .6 6457
10-3 to 1 6213
Review 6517

Residual gases vs time 61229

Review B644 60162 61124 61163 6282

Self -chopping gage 6287

Sensitivity, see also Ionization gages,

Bayard- Alpert
Electrodes rearranged 61179

Non linear 61135 61168 64179
Repeatability ±3% 63238 65160
Schulz-Phelps gage 6064 6457

Sensitivity, various gases, see Ionization
gages, Bayard-Alpert

Suppressor grid gage 6283
Difficult to degas 63100
Performance 65150

10-10 torr 6283
lO-l'i torr 65150

Temperature, high, operation at 6282

Tetrode, see also Ionization gages, Bayard-
Alpert

Extra grid
Controls electron current 60132

Produces pulsating electron current
6287 6327

Theory
Linearity 63163

X-ray limit, see Background currents, above

Ionization gages, hot-cathode-magnetron
Calibration techniques, see

Cathodes (hot wire)
Borides 5168
Lanthanum boride 6104 6181 6297

Design 60160 6104
Electron multiplier used 6181 6297 6311

Electron beam gage
Design 6178
Performance 6178
Pressure range, 10-^ - 10-2 torr, 6178

Performance 60160 6104 60224 6311
Electron multiplier 6311
Indication, linear limit, torr

10-13 60160 6104 6402
10-15 6181

9
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Ionization gages, hot-cathode-magnetron (cont'd)

Performance (cont'd)
Indication, linear limit, torr (cont'd)

3 X 10-17 6297 6311
Magnetic field effect 6185

Sensitivity
Argon 6399
Helium 6399
Nitrogen 6399

X-ray photo current 6297
Ionization gages, magnetron

Calibration techniques, see

Inverted magnetron
Design 61147
Performance 63100

Magnetron
Barkhausen-Kurtz oscillations 6242

Design 59186
Miniature 6390

Diode, space' charge effects 64220

Firing at low pressure 6242

Gettering action, see Gettering action,
ionization gages

Installation problems
Interaction with B-A gage 6388

Linearity range 6242 6386 63100
Oscillations in output 6389
Performance 65188
Performance in satellite 639.0

Sensitivity 6386

Theory 61190
Ionization gages, orbitron 6418

Performance 65192
Ionization gages, photomultiplier

Design 6077 60159 6103
Performance 6077 60159 6103
Pressure range.

Linear
10-10 - 10-5 torr 60159
10-10 - 10-3 torr 6077 6103

Ionization gages, radioactive, see Radioactive
ionization gages

Ion paths in non homogeneous magnetic
field 63149

Ion pumps, see also Gettering action, ionization
gages

Backstreaming from 65216
Desorption and re-emission of gas 6137

Argon 62106
Helium from molybdenum 60179
Inert gases 62108

Glass wall potential effect 59187
Inverted magnetron type

Prevents oil vapor backstreaming 61161

61162
Miniature, experimental 60229

Orbitron 64156 6501
Ionizing efficiency 6557

Penning- type discharge pump
Application

Electron tube processing 6039

Design
Hot filament added 6450
Magnet 63127
Magnetic field

Curved 63125
Logarithmic 64177

Miniature 60140
Multiple 65138
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Ion pumps (cont'd)

Penning-type discharge pump (cont'd)
Design (cont ' d)

Russian 63291 65138
Semi automatic operation 6335
Triode 6171 62173
Vac-ion 6039 60151 61165

Gas release mechanism 6410
High frequency oscillations 62232
Liquid metal cathode 6168
Mechanism of operation 6090 6096 63125
63241 6450

Argon 6039 62106 65117
Current density distribution 62226
Inert gases into glass 60176 62108
6413

Nitrogen 6416
Tracer technique used 6374 6410
Various gases 60180
Various geometric forms 6410

Operational procedures 6345
Remedies for contaminants 6345

Performance
Differential pumping of gases 65117
Diode 6410

Ionizing efficiency 6557
Nitrogen 6416
Titanium film adsorber 6041

Triode 6171
Pumping speed

Effect of design parameters 61165
Effect of magnetic field and
applied voltage 65138

Miniature 60140
Russian 63291 65138 65280
Ultimate vacuum 63192

Vac-ion 6039 60151 60180 61165
Various gases 6039 6041 60180 6335

Theory
Magnetic field logarithmic 64177
Nitrogen pumping 6416
Three- elect rode type 6272

Ulteck 63192
Review 63221
Sputter-ion pumps, see Penning-type, above
Vac- ion, see Penning-type above

Joints, see Seals
Kinetic theory of gases

Flow of gases, see

Reviews, see Books and reviews
Klumb-Schwarz gage, see Radiometer gages

Knudsen gage, see Radiometer gages
Lanthanum boride, see Cathode filaments
Laser-heated cathode 64241
Lead-in wire sealing, see Seals, electrode feed
through

Leak conductivity
Theory 65275

Leak detection methods
Activated charcoal, cooled 60220
Bubble method, system immersed in liquid

6469 64242
Electric discharge, light from, analyzed

63133
Gages for 61211 61212

Gas leakage, sealed components 61212 6332

Inverted magnetron helium leak detector 65169

Ion pump detector 6219

Pirani bridge detector 6029

Leak detection methods (cont'd)
Practical aspects 65172
Probe gas, see Tracer gas, below
Review B631 B651 61133 62140 62158 63224

Comprehensive B621
Ionization gage detector 6436
Sealed envelopes 61212 6332

Sealed system externally pressurized, leak of
probe gas detected 65129

Sensitivity, various methods 62158
Silica gel leak detector 60220

Hydrogen permeates, Pirani detector
58165 62147

Tracer gas

Ammonia 60195
Argon

Getter ion pump detector 6275

Ion pump detector 6107
Carbon dioxide

Getter ion pump 6275
Gage deflections, amplified 65287
Halides

Platinum diode 60208 6354 65327
He 1 ium

Inverted magnetron, ion detector,
zeolite trap 65169

Ion pump 6219 6275
Mass spectrometer detector

Aluminum foil trap for heavy
ions 6075

Design 61107 6381 63194 63195
64248 6574 65169

Four operational methods 63331
Performance 60210 61107 6381
63194 63195 6574

Theory 63194
Omegatron 60158
Probe design 6590

Hydrogen
Ionization gage 6184 6275

Ion pump 6275
Mass spectrometer 59185 6364 6381
64248
Permeates silica gel 58165 62147
Pirani gage 6291

Portable 63336
Thermistor 6186

Methane 65172
Oxygen

Ionization gage, tungsten filament
5492

Thoriated tungsten filament

60100
Ion pump 6219 6275

Probe design 6449

Review B648 61212 6537
Ionization gage detector, various
probe gases 6436

Theory, ion pump detector 6275
Units 6537
Vessel in vacuum chamber, pressurized

Tracer, helium and argon 61110
Water leak 65222

Leaks, controlled gas
Bellows control 61108
Calibration, standard leaks 61108
Conductance of tubing method 62105
Dosage stored in capillary tube 6464
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Leaks, controlled gas (cont'd)
Helium

Permeation of, silica glass 61108
Purity 6112 61185

Produced by radioactive polonium 6405

Hydrogen
Palladium tube 6085

Needle in diaphragm separator 60101

Needle valve plus capillary tubes 65251
Orifice 61108
Platinum wire, sealed into glass tubing

Temperature controls leak 61205

Porous plug 6295
Pulsed gas leak 61191

Volume change measured against time

Pressure maintained constant automa-

tically 62101
Liquid level controllers, see Traps
Locks, vacuum 61195 6406 65250 65269

Automatic 63230
Lubricants, vacuum application 61114

Evaporation 62180
Gold film, vapor deposited 65185

Molybdenum sulphide paste for valve 65112

Silver plating stainless steel bolt 65249

Tungsten diselenide, high temperature use

65134
Magnetron diode, space charge 64220

Manometers, liquid type, see Micromanometers

,

liquid U-tube
Manometers, mechanical type, see Mechanical pres-

sure and vacuum gages

Manometers, standard mercury, see Mercury Mano-
meters

Mass spectrometers
Application

Diffusion measurement 64165

Gas analysis
Alkali carbonates 61182

Degassing products 64164
Dynamic measurements 63131 63132

6586
Lead isotopes 6597
Mass numbers to 400 61101

Noble gases in rock 61100
Argon 64214

Pump oils 6362

Residual gases 60131 61229 63138

63258 6511
Review 6579
Ultra-high vacuum 60184

Leak detection
Deflection type 6568 6574
Design improved 6397 63195
Double focusing 6381 6564
Nier 61107
Radio frequency type 59185
Review 6364 63224
Russian 64248 64249

Nuclear physics 6370
Pressure measurement

Alkali halides 62172
Deflection type 6274 6462 6564 6568
Ionization gage sensitivity to

various gases 63154
Topatron 6575
Upper atmosphere 6570
Utility, various types 61184 6364

63197 65323

Mass spectrometers (cont'd)
Application (cont'd)

Upper atmosphere, see Upper atmosphere
Bibliography 62156
Cascade 63151
Cyloidal focusing, Bleakney-Hipple

Design, performance 5686 61147
Mass numbers to 400 61101

Deflection instruments (crossed electric and
magnetic fields)

Degassing techniques 60131
Design 64236

All metal 60131
Automatic range control 64109
Automatic scanning 62189
Cascade 63151
Combined with ionization gage 65144
Double focusing 60221 6381 63182

63276 63277
Improved ion counter 6564
Miniature 60115
Theory 6581

Double magnetic 62186 64188
Dynamic measurements, indicated or

recorded 6586
Electron focusing improved 6397
Electron multiplier detector 62169

62152 63268 6440
Electrostatic scanning 6210
English MS2 type overhauled 6451
Gas sample small 60184
Ilelicold type 6465
Ion source improved 61107
Leak detection only 63195

French MClO 6574
Magnetic field inhomogeneous 63182

Modulated molecular beam 63137
Multiple dispersion 62171 63145
63161

Sensitive 63138
Secondary electrons obtained,
scintillator, photo multi-
plier 62174

Servo amplifiers, ion current 6597
Small size 6440 6462 6484
Thomson-Houston TH N 205 6568
Two-stage 61107 61186 62186 6370
64207

Nier 4725 60115 61182 63137
Ions focused by electrostatic quad-

ruple lens 62160
Performance 64236

Anomalous peaks, hydrogen and deu-

terium 65173
Auxiliary magnetic field 63279

Double focusing 60221 6381 63182

Ions in nonhomogeneous magnetic
field 63149 63182 6414 65163

Miniature 60115
Electron multiplier detector 60184
62169 63152 63268

Electrostatic scanning 6210
Sensitive detector 62174 63138

Sensitivity various gases 6451 65158
Small size 6462 6484
Temperature effect 64264
Two-stage 61107 61186
Ultra-high vacuum 60131 6274

Argon detection in rock 64214
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Mass spectrometers (cont'd)
Deflection instruments (cont'd)

Recorder, automatic, of ionization 64208
Theory 60215 62151 62166 63145 63177
63277

Double focusing 65136
Aberration coefficient 6454

Double magnet system 64189 64207
Design, highly sensitive 65320
Digitizer and recorder 63174
Dynamic measurements

Amplifier design 63131
Deflection type 6586

Electrical mass filter
Application

Gas analysis 63237 6429 6580 65106
Upper atmosphere 6472

Pressure measurement 60127 6480
Design 60127 60203 6199 61184 6429

Electron multiplier used 6480 6472

65109
Penning ion source used 65233

Performance 60127 6199 61184 63237 6429

6463 6472 6480 64183 65109
Dynamic 6294
Penning ion source 65233

Theory 60127 62231
Electrode shape 61216

Electron multiplier increases sensitivity
58166

Electron sources, cold 65270
Photo ionization 62190 65270

Electrostatic quadruple lens focuses ions

62160
Farvitron

Application
Dynamic gas analysis 6025 60182

Leak detector 6025
Design 6024 6025 60181 64259
Instability of operation 65279
Performance 6025 60181 64259

Pressure range 10"^ to 2 x 10"^

torr 62154
Theory 62154

Field ionization
Substitute for electron impact 60201

Geiger counters used 61218
Helium memory effects 6515
Ion current measurable to 10"^^ ampere 61229

Ionization efficiency 62150

Ion source design 65137
Magnetron type 63278
Mass filter, see Electrical mass filter,

above
Mattauch-Herzog type

Double focusing, theory 63276
Omegatron, see

Oscillating ion type 64259
Photo ionization used 62190 65270

Radio frequency
Application

Degassing experiments 6089 60167
Electron tube technology 6027

Ion pump operation 65117
Materials processing 6198
Upper air research 5276 60226
63284 63285

Pressure measurement 6570

- continued:

Mass spectrometers (cont'd)
Radio frequency (cont'd)

Design 5277 60167 60183 61234
Bennett 6027 63341
Compact 63284
Duty cycle high 63170
Emission regulator, transistorized
6468
Ion source problems 62218
Ion stream nonpulsed 63170
Mass range 12 - 200 61158
Monopole 63144
Parasitic currents suppressed 6234
6235
Rapid scanning 6198
Rocket use

Indication telemetered 5276
60226

Three-stage 63166 65100
Topatron 6197
Two-stage 62188

Low frequency modulation of ion current
prevents background currents 6238

Performance 5576 60167 60183 61234
Detailed 63341 65100
Electron tube application 6027
Fragment ions, kinetic energy
measured 65101

Grids, single row, improves resolu-
tion 58167

Ion stream non pulsed 63170
Mass range 12-200 61152
Monopole spectrometer 63144
Parasitic currents 6234 6238
Topatron 6197

Sensitivity, 13 gases 6575
Upper air research 63285

Theory 5576 60183 6198 63284
Bennett 6027 63166
Monopole 63144
Redhead 5277 5382 61170 6235

Reviews
Brief B634 61133 6352 63183 65323
Comprehensive B633 B643 60125 6364
Ideal characteristics 64191
Partial pressure measurement 61184 61228
62125 6364 63197
System for measuring noble gases in

rocks 61100
Vacuum techniques for 6315

Sensitive detector 62174
Sensitivity increased, using two diffusion
pumps 64249

Temperature effect 64264
Theory

Isotope discrimination 62170
Pressure measurement 62172

Time-of-flight
Application

Adsorption and desorption 6486
Cyclotron ions 62164

Design 60213 62164 64247
Dynamic measurements 6281 63132

Ion source continuous 63169

Nude 6281
Sensitivity increased 64213

Ion dissociation in drift tube 64201
6560
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Mass spectrometers (cont'd)
Time- of-flight (cont'd)

Ionic collision processes, products of

6560
Output systems 60200

Photographic 63132
Sampling circuit 64247

Pulsed beam analyzer 5578
Sensitivity

Increased, automatic data process-
ing techniques 6232

Ion source continuous 63169
Theory 61208

Topatron, see Radio frequency, above
Materials for vacuum or space applications

Adhesives, see
Adsorption, see
Anodes 6026 64268
Bearings 61114
Cathode filaments, see also, 6439 64268
Ceramics, see also Seals

Electron tube envelopes 60192
Joining to metal, see Seals
Physical properties 61144 64223

Degassing, see
Electrical controls 61114
Electrical sliding contacts 6589
Electron vacuum tubes B604
Gaskets, see
Gears 61114
Glass ceramic, pyroceram 9606

Helium permeability, degassing rates
61231

Lubricants, see
Metals B654
Physical properties, low temperature 65245
Plastics, see

Polymers, see
Pump oils, see
Rotary pump

For pumping corrosive gases 61219
Rubbers, see
Tungsten, see

McLeod gages
Accuracy

Data 60141 6192
Five pressure ranges 65289
Multiple compression type 65226
Procedures for obtaining 60121 65314
Sources of error 60141 6398 64161
Three pressure ranges 60136 60157

Application
Calibration standard 60136 60157 60164
6262 62143 6398 65289

Condensable vapors measured 60114 61187
62157

High pressure measurement 5793 6084
Precision measurements 60141
Wind tunnel 60137

Automatic recording 60137 6550
Bake-out to 450°C 60157
Calibration techniques

Traceability 6398
Volume measurements 60121 60164
Volume pressure divider 64159

McLeod gages (cont'd)
Capillary effects 64161

Depression, capillary tubes 64130
Difference, falling and rising mercury
6258

Review 6415
Techniques for reducing 60141 60164
62143 62185 65314

Condensable vapors
Accuracy, propane, cyclopropane, sulphur
hexafluorlde 60114

Procedure for measuring 62157
Theory, air bleed 61187

Design
Atmospheric pressure adjusts mercury
level 6239

Cold trap pumping effect avoided 6358
Compression measured by hot wire 2408
Compression ratio, multiple

Mercury adhesion effect 2705

Compression tube
Capillary depression measured 60141
62185

Open to auxiliary mercury column
6065

Plug seal 4020 60141 62136

Evacuation of both legs simultaneously
60126

McLeod-Plranl 2408
Mercury level self adjusted 6239

Multiple compression type 65226
Oil type 4310
Precision 60136 60141

Large bore capillary tubes 65168
Recording, automatic 60137 6550
Swivelling 1407 62136 64253
Wide range, no bulb 6323

Electrostatic charges, effect of 64161
High pressure, methods of measuring 6084
Nomograph, for obtaining pressure 60121
Operation

Compression volume constant 6523
Pressure range, high, torr

10-3, oil 43X0

1, 65168

15, 5793
20, 60157
1250, 6323

Pressure range, low, torr
10-2 6323
lO-'^ 65168
8 X 10-5 60157
10-6, oil 4310

Pumping action, cold traps

Data 6135 6262 63109 63315 64250

Various gases 61141 6548 65234

Design modified to avoid effect 6358

Eliminated by cooling gage 64159 64250

Review 65225
Theory 6135 6262 63109 64250 6548 65234

Reviews, see Books and surveys
Theory

High pressure measurement 5793

Review B621 B644
Mechanical pressure and vacuum gages

Applications
Corrosive gases 2706

Differential pressure at high pressure

6008

100



SUBJECT INDEX -

Mechanical pressure and vacuum gages (cont'd)
Applications (cont'd)

Dynamic pressure 62123
Rocket 6543
Vacuum measurement 6081

Bellows
Capacity pick up

Deflection measured 60104
Null, pressure measured by McLeod
gage 6594

Range 10"2-25 torr 6344
Sensitivity 5 x lO'^ torr 6594

Glass, mercury filled, volume change
measured 4021
Resistance wire strain gage pick up 4830

Bourdon tube
Optical lever used 4312 60228
Spiral 4726

Mirror-scale 4513 4831 5580
Spoon, glass

Mirror-scale 0606 3718 4312 60228
Deadweight disk valve

Lifting force balanced electrically 2706
4727

Diaphragms, corrugated
Capacitance pick up, frequency measured
6485

Force balanced electrically 60227
Null position restored

Volume of mercury measured 6008
Diaphragm element, flat

Compensated for acceleration 6543
Deflection measured

Capacitance transducer 6081 6108
6446 64180 64265

Multiple ranges 60112
Electroluminescence pick up 6216
Inductance transducer 6543
Magnetic transducer 6551
Optical lever 4114
Rectangular, deflects angularly,
one edge held 6385
Strain gage output 64119
Wheatstone bridge. Bismuth film
strips on mylar 62123

Glass diaphragm 2001 2201 5171 5582
Null position restored

Electrical force measured 6217
64265

Mercury manometer measures balanc-
ing pressure 2001 2201 5171 5582

Piston gage measures balancing
pressure 6551

Rubber diaphragm 4114
Vibrated

Amplitude constant, power input

measured 6215

Diaphragm gages
Review B642 60214 61211

Radiometer gages, see

Viscosity vacuum gages, see

Mercury
Adhesion in capillary tubes

Pressure dependent 2608 2705

Adsorption of gases 51142

Complllary depression 4512 6009 6258 64130

Compressibility 6009

Density 6009

- continued:

Mercury (cont'd)
Flow of vapor through capillary tubes 6368
Index point sensitivity 1408
Pumping action of vapor, cold trap in system,

see McLeod gages
Pumps, see Pumps, diffusion
Surface tension

In vacuum 61142
Review 6009
Water vapor effect 61142

Vapor pressure 6009
Mercury manometers, standard

Electrical capacitance null, gage blocks
65132

Interferometrlc 64181
Optical reflection 6092

Review 6009
Mlcrobalances , vacuum

Application
Adsorption measurement 65318 65332
Condensation, mercury vapor 63233
Evaporation rates 6470
Radiometer forces measured 6349

Residual gases in system 6021
Sorption, decomposition measured 6350

Design 65318
Electromagnetic 6350 6434
Gulbransen, design, performance 63320 63324
Knudsen forces, theory, experiment 6447
Performance 63248
Quartz crystal, vibration frequency measured
6324

Quartz, torsion 60175 6253
Surveys, see Books and surveys
Techniques 65332
Theory 65332
Torsion balance, robust, sensitive 6522

Tungsten spring, linear transformer 6470

Tungsten, torsion 6253
Mlcrobarograph infrasonic pressures 6230

Mlcromanometers
,
gas column 0605 1308

Surface water wave studies 60119
Mlcromanometers, liquid U-tube, see also Mercury
manometer

Application
Airfoils, wind tunnel tests 65237
Pltot-statlc pressure 6119

Standard 62103 65132
Huygens, two liquids 1504
Liquids

Butyl phthalate 5688
Cadmium-boron- tungstate 65288

Immiscible 63316
Octoll-S 62103
Polyethylsiloxane 65288
Toluene 6119

Xylol 3010
Water 6119

Measurement methods
Bubble position 0603 1201 6452 6458

Tilted to secure null 3010

Capillary depression avoided

By sharp-edged boundary 6012

Cartesian diver 64226
Manostat 5169

Theory 4311 4633

Electrical capacitance null, gage blocks

65132
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Micromanometers, liquid U-tube (cont'd)

Measurement methods (cont'd)
Electrical resistance In mercury column
4926

Float position
Differential transformer 6119
Inductance pick up 63307

Index points
Micrometer 0604 6202 6227 6415
64162 65237
Optical lever 0101
Sensitivity 1408 64162

Inverted bell, differential transformer
60227
Optical interferometer 2104 59192 62103
63184 6592 65103 65330
Optical reflection detector 60229
Pearson manometer, automatic 4514
Photocell 5688 63250 6599
Ring gage, null 60227
Tilted to secure null, micrometer meas-
ures tilt 6012 65235

Multiple
Index point, electrical contact, micro-
meter 65237

Oil degassed
By agitation 6321

By distillation 62103
Photocell position recorded 5688
Review B642 6009 60214
Rotation produces differential pressure

Viscosity independent and dependent 6221
Two-liquid type 1504 63316

Modulated Bayard- Alpert ionization gages, see

Ionization gages. Bayard- Alpert , tetrode
Molecular drag pumps, see Pumps, mechanical
Molecular flow, see Flow of gases
Molecular sieve traps, see Traps
Molecular weight measurement

Torsion-effusion method 3112

Molybdenum
Adsorption of gases, see Adsorption
Degassing, see

Heat of vaporization 65285
Thermionic emission 65284

Motion into vacuum systems, see Vacuum systems

Negative ions

Technique of forming 6334
Nickel

Adsorption of gases, see

Cathode life prolonged by getter gas clean-

up 6037
Degassing, see

Diffusion of gases, see Diffusion
Nitrogen

Adsorption, see

Cold trap, see Traps r

Diffusion into solids, see Diffusion
Flushing with to degas 6351
Pure, production 63246
Vapor pressure 6245

Omegatron
Application

Age of minerals, argon Isotope 64178
Electron tube technology 6027
Gas analysis 60139 61169 61181 63244
63268

Automatic 61103

Omegatron (cont'd)

Application (cont'd)

Gas analysis (cont'd)
Continuous analysis, residual gases
6028

Degassing of metals 65256
Electrical conductors, gas content
65145

Electron tubes 60185
Hydrogen-deuterium mixtures 61104
Ionization gages 60138
Mass spectrometer 61102
Microwave tubes 60105
Review 60143
Stainless steel vacuum system 65274

Impurities in solids 65123
Leak detection 6025 60158
Pressure measurement 60138 61166 6229

6233 62135 6336 6367 63197
Calibration method 61226 62135
Design 60143 60185 61169 61181 61227 62220
6233 6367 63168

Alpert type, improved 65179
Continuous recording 6028
Controller for automatic operation 61103
Electrode added, improves sensitivity
63330

Electron beam Improved, filament tempera-
ture reduced 65189

Electron emission stabilized 6256 63220

Ion focusing improved 61192

Linear orbit drift 65102
Magnetic field nonuniform 60217 60222

Miniature 61160
Noble metal electrodes used 60139

Panoramic display 60217
Philips 64178
Precision instrument 63266
Radio frequency generator

For continuous recording 6357
Review 6102 62155
Russian MKh 4301 64108
Sensitivity

Constant 60139
Maximum 62135

Space charge effect eliminated 63236
65179

Trapping voltage added 63267
Vibrating reed electrometer used 60158

Dynamic measurements
Amplifier design 63131

Evacuation rate
Improved by holes in electrodes 63141

Frequency modulation theory 62227

Getterlng action, oxygen 60138
Performance 60139 60143 60185 61169 61181

61227 62148 63266 63330
Alpert type 63236
Argon 61226 65256
Carbon dioxide 60138 61226 65256

Carbon monoxide 60138 60185 61226 65145

65256
Compared with

B-A gage 6229
Farvltron 6025
Topatron 6197

Conductance effect, various gases 6367

Decomposition, various gases 6367
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Omegatron (cont'd)
Performance (cont'd)

Electron beam improved, filament tem-
perature reduced 65159

Electron tube technology 6027
Ethane 65256
Evaluating spectrum, two resolving
powers used 64114

Gas composition factors 61166
Gas cracking problem 65146
Helium 61226 65256
Hydrogen 61226 6336 65256
Hydrogen- deuterium mixtures 61104
Inert gases 65145
Krypton 6539
Magnetic field strength 63168
Methane 61226 65256
Neon 61226
Nitrogen 61160 61226 63168 65256
Oxygen 60138 61160 61226 65145
Partial pressure measurement 61166
Propane 61160
Pumping action, nitrogen 63269
Russian 60217 61192

MKh 4301 64108
Sensitivity 6069 61181 62148

10-12 torr 61166 61169
10-11 tQ^^ 62148 65146
Best 10-6-10-9 torr 63268
Constancy 60139 63330

Water vapor 61160 61226 65256
Xenon 6539

Theory
Bunching effects 62227
Frequency modulation 60227
Ion movements 60142
Isotope analysis 64178
Linear orbit drift 65102
Magnetic field non uniform 60222

Orbltron
Ionization gage 6418
Pump 64156 6501

Outgassing, see Degassing
Oxide coated cathodes, see Cathode filaments
Oxygen

Adsorption, see Adsorption, Adsorption acti-
vated

Diffusion, see Diffusion into or through
solids

Probe gas, see Leak detection methods
Oxygen pressure gage

Galvanic cell 6113
Palladium

Hydrogen permeation, see Diffusion
Palladium- diaphragm hydrogen pump 6308
Peltier cold trap, see Traps, thermocouple
Penning discharge, pulse characteristics 6582
Penning ionization gage, see Ionization gages,
cold cathode

Permeation, see Diffusion
Philips ionization gage, see Ionization gages,
cold cathode

Photo desorption, see Degassing
Photoelectric liquid level sensor 5688 63250
6599
Pirani gages

Applicat ion
Leak detection 6291 63336 6558

Pirani gages (cont'd)
Application (cont'd)

Measures McLeod compression pressure

2408
Operates at 3.3°K 63136
Pitot-static pressure 60135 6220
Upper atmosphere 62127

Calibration techniques 6456 64175
Design 3008

Differential pressure, 2304 6220
Filament or sensitive element

Capillary tube, mercury filled 2913
Carbon 63136
Nickel wire in tube 2912
Platinum wires in tube 2304
Saturation diodes 62178
Thermisters, see below
Thermocouple, see below

Filament vibrated, range increased 64112

Glow discharge suppressor 54193
Miniature 5581 60135
Portable 6291

For leak testing 63336
Potentiometer indicates potential across
filament 6524

Power supply transistorized 64154
Temperature compensated 6508

Ionization gage extra filament used
Wheatstone bridge detector 6558

Performance 6316 64154 6508
Atomic to molecular hydrogen causes

error 6360
Autovac gage 6420
Effect of radiation energy loss from

filament 65114
Vibrating filament increases pressure
range 64112

Pressure range 61124
10-3-1 torr 6524
10-3-100 torr 64154
10-2-100 torr 6508

Pulse compression type
Design 61202 62128
Dynamic response 61201
Performance 61202

Pressure range, torr
10-8 to 10-"^ 61202 62128

Theory 60209 62128
Radiation losses must be stable 65114
Radiation vs convection losses

Theory 5792
Response time

Method of measurement 6187

Theory 6187
Review B621 B644 61211 6507

Sensitivity to various gases 6316 6420 64175

Theory 6291 6420
Thermal conductivity of gases, see

Thermistor element
Design 60118 6109 63252

Bakeable 64157

Indirectly heated 63286

Krypton measured 5689

Precision 5790
Review 6186

Sensitive (Russian) 64111

Silicon carbide, single crystal

6593
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Plranl gages (cont'd)
Thermistor element (cont'd)

Design (cent ' d)
Transistor circuit 64157
Upper atmosphere use 62127
Wide range 63326 64118

Performance 63326
Comprehensive 5790 60118 6109 63252
Review 6186
Rocket results 62127
Sensitivity 63286 64118 6593 65247
Temperature effect 6186 64111
Time constant 60118 6109 63252

Pressure range, torr
10-2-2 5689
10-2-10 60118 6109
2 X 10-3-1 6593
10-3-760 64118
lO-'^-O.l 63286
10-5-1 63326

Sensitivity, various gases 64157
Theory 5790 64118 65247

Thermocouple vacuum gages, see

Piston gage, gas lubricated 65143
Inclined 6596

Plastics
Gas emission from 6314
Sublimation 6270
Vacuum and radiation effects 6114

Polymers
Sublimation 6270

Pressure balance, see Piston gage
Pressure measurement

Adsorption 6146
Bibliography 6101
Boiling point Indicates pressure 6133
Bourdon tube gages, see Mechanical pressure
and vacuum gages

Calibration techniques, vacuum gages, see

Cartesian diver, see Mlcromanometers
,
liquid

U-tube
Controller, see Vacuum controller
Corona discharge 6584
Dead weight disk valve 2706 4727
Definitions 65140
Desorptlon method 61164 63197
Differential pressure at high absolute pres-

sure 6008
Dynamic, see Dynamic pressure measurement
Electroluminescent gage 6216
Electron scattering gage 63306
Field emission microscopy, see

Getter- ion pump discharge current 63332
Inverted bell, diff . transformer 60227
Ionization gages, see

Knudsen gages, see Radiometer gages
Manometers, liquid type, see Mlcromanometers,
liquid U-tube

McLeod gages, see
Mechanical pressure and vacuum gages, see

Mlcrobarographs , see

Mlcromanometers, liquid U-tube, see
Oscillatory glow discharge 6121
Oxygen pressure gage, see

Piezoelectric gages 6420
Plranl gages, see
Piston gages, see
Quartz oscillator gage 6540 65152
Radiometer gages, see

Pressure measurement (cont'd)
Reviews, see Specific gage

General, see Books and surveys
Ring gage 60227
Scattering of atomic beam 6191
Spinning rotor gages, see Viscosity vacuum
gages

Standard potentiometer, conversion circuits
for 64261

Standards 64262
Tensimeter, see

Thermal conductivity gages, see Plranl gages
Thermocouple vacuum gages, see

Thermomolecular gages, see
Torsion-effusion method 59179 60188
Units, see

Upper atmosphere, see
Vacuum measurement , general, see

Vapor pressure measurement, vacuum range, see

Virtual cathode relaxation time 65149

Viscosity vacuum gages, see
Pressure regulators, see Vacuum controllers
Protective electrical circuits, see Ionization
gages various, Plranl gages, and Vacuum systems

Protective system 64105
Pumping, ionization gages, see Getterlng action,

ionization gages
Pumping speed measurement, see also Getter- Ion
pumps. Pumps, diffusion, and Flow of gases, free

molecular
Conductance of tube

Differential pressure measured 6151

63323
Cryogenic pumps

Pressure drop-conductance 63114
Theory 63114

Jet, Ionized gas, timed 59189

Large metering dome required for large flow

Corrections for dome geometry 6422

Method for computing pressure 63104
Pumping- down time

Theory
Graphs 60154

Review 60154
Technique 65105 65107
Theory 6140 6546 65105 65107

Pumping speed related to free molecular transfer

theory 64215
Pumping systems, see Vacuum production, Vacuum
systems

Pump oils
Bis-m-phenol (polyphenol) ether

Performance in pump 6160 6161
Physical properties 6160 6161
Vapor pressure 6160 6161

Cellulube 220 and 300 65322

Combustion in oxygen atmospheres 65182

Contaminants measured analytically 65213

Dl-butyl-phthalate plus additive 6372

Dow-Corning DC705
Combustion in oxygen atmosphere 65182

Performance in pump 6279
Physical data 6279
Vapor pressure 65296

Mass spectra 6362
Molecular mass 6362
M~phenoxy-phenoxy (m-b is -benzene)

Ultimate vacuum 60116
Vapor pressure 60116

104



SUBJECT INDEX - - continued:

Pump oils (cont'd)
Physical properties B642
Review B642 63107
Vapor pressure, high temperatures

DC704, DC705, Octoil, Octoil S, Apiezon
B & C, Convalex 10 65296

Pumps
Adsorption, see Getters
Ballast, gas, see Pumps mechanical
Cold traps, see Traps
Commercially available 65131
Cryogenic, see Pumps, cryogenic
Cryosorpt ion, see Traps
Diffusion, see Pumps, diffusion
Ejector, see Pumps, ejector
Getter- ion pumps, see

Getters, see
Ion pump, see

Mechanical, see Pumps, mechanical
Mercury vapor, see Pumps, diffusion
Molecular drag, see Pumps, mechanical
Orbitron, see Ion pumps
Palladium - diaphragm hydrogen 6308
Penning discharge pumps, see Ion pumps
Performance theory 6140
Pumping speed, see
Reviews, see Books and surveys
Roots blower, see Pumps, mechanical
Rotary vane type, see Pumps, mechanical
Sorption, see Traps
Sputter- ion, see Ion pumps
Thermomolecular , see Pumps, thermomolecular
Traps, see

Turbo-molecular, see Pumps, mechanical
Vacuum production, ultra-high, see
Vacuum systems, see

Pumps, cryogenic, see also Traps
Application

Space simulatioil 62205 64235
Wind tunnel 6371

Bakeout avoided by use of 6209

Carbon dioxide pumped
Liquid nitrogen pump 64238

Condensation coefficient 6263 62198 64227
Spherical chamber 65258
Temperature effect 63253 65241
Theory 6244 63253 64195

Cryotechnics 64128
Cryotrapping

Air by water vapor 63217
Helium by argon 63113 63201

Hydrogen by
Argon 63113 63201
Nitrogen 62205
Oxygen 62205

Nitrogen by water vapor 6243 63217

Theory 63217 63222

Crystal structure, thin films, solidified

gases 65126
Design, modular type

Cooled plate plus chevron array 63255

Gas mixture pumped, carbon dioxide + isobu-

tane 64232

Helium cooling liquid
Activated carbon, cooled 63116

Design 6177 64254 6552 65228 65244 65268
Continuous operation 61157 63223
Space simulator 62202

Pumps, cryogenic (cont'd)
Helium cooling liquid (cont'd)

Performance 6347 63223 64254 65200 65228
65268

Argon 60189 6383 6384
Carbon dioxide 6177
Helium 60189 6146 6261 65199

Argon present 63113
Hydrogen 60216 61217 6245 6261 6383
6384 65199

Argon present 6383 6384 63113
Magnetic trap evacuation 63292
Nitrogen 60189 6146 6177 6245
Oxygen 60189 6146
Pumping low density wind tunnel
6371

Production designs 65246
Terminal pressure in cooled ion gage
59188

Theory 64254
Hydrogen cooling liquid

Activated carbon, cooled 63116
Bakeable 6487
Carbon dioxide 6263
Liquifier built-in 59191

Pressure limit, 10"^° torr 62138
Performance 60216 6347 6487

High pumping rates 64167
Production designs 65246
Pumping low density wind tunnel 6371
Small 65204
Techniques for molecular beam experi-
ments 65162

Hydrogen pumped 63181 65207 65244
Condensation coefficient vs temperature
65230

Converted to water vapor, frozen out

6176
On solidified gas films 62203

Liquid level measurement, see Traps
Mechanism of operation 6261 6263
Mercury pumped

On vitreous silica 63233
Modular, plate plus chevron array

Theory, performance 63255
Nitrogen cooling liquid, see also Traps

Carbon dioxide 6263 62200
Nitrogen pumped 63181
Performance 6347 62200 65108
Propulsion system testing, large gas

flow 63254
Water vapor 65108

Performance, general
Effect of cryosurface geometry 62199

62201 65258
Effect of gas flow region 62201

Residual gases vs pressure 59184
Review

Brief 61228 62125 63302 64142 65272

Comprehensive 65176
Historical 61133
Mechanism 63157 6489 65241

Nitrogen and hydrogen pumping 63181

Performance limitations 64251
Space simulation 62205

Theory 6177 6347 63302 65176
Monte Carlo analysis 6280 62199

Nitrogen on 20''K surface 62198
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Pumps, cryogenic (cont'd)
Theory (cont'd)

Pumping speed 6263 63114 63222 63302
6489
Review 65241

Pumps, diffusion
Efficiency 6248
Factors Influencing design 6437
Flow phenomena, transition region

Theory 64234
Mercury vapor system 59181

Design 61196 63120
Performance 61196 62179 63120

Condensing wall temperature effect
62149
Pumping speed 63323

Oil vapor
Backstreaming 60153 6164 6225 6309

Baffle designs 60107
Caused by irruptive boiling 6162
Contaminates glass surface 6333
Hydrocarbons formed 64148
Measurement methods 65119 65120

Field emission microscope 6038
Mechanism 65305
Micro drops observed 65118
Radioactive tracers measure 6510
Test for 6276 63117 64239
Theory 64147
Trap prevents 61161 61162 6276 6309

6495 64126 65305
Cooled chevron 65231
Design 64147

Two- stage pumps 6038 63293
Various gases 6277
Various pump oils 63117

Design 60153 6254 63107 63159 6526
Air cooled 60218 6556
Backstreaming reduced 6038 6225
6254 6276

Cooled baffle and trap design
60107 6495 64123 64239 65305

Nozzle design 63118
Baffles, thermoelectrically cooled
64153 6556
Irruptive boiling prevented 6278
Oil surface heated 6492
Ultra-high vacuum system 6165 62134

Forepressure tolerance 60153 6164
3- stage pump 6292

Glass, 3-stage 6072
Hydrogen pumping fluctuations 65139
Irruptive boiling

Causes pressure fluctuations 6278
63119

Multiple stage system
Performance 63121 '

Techniques of operation 63121
To prevent backstreaming 6038

Pressure fluctuations, pumping speed
high 65232
Pumping speed 60153 6248 64153

Glass, 3-stage 6072
Sorption effect 62165

Pump liquids, see Pump oils

Pumps, diffusion (cont'd)

Oil vapor (cont'd)
Residual gases 61167 63119

Composition vs trap temperature
65257
Pressure vs chevron baffle tem-
perature 65231

Reviews, see Books and surveys
Theory 6254 63108

Monte Carlo analysis 6280
Ultimate vacuum 6038 60153 6164

Limiting factors 6140 6492
Pumping speed measurement, see

Reviews, see Books and surveys
Self-purifying

Two pumps in series 6163
Test methods 6164

Back streaming by absorption spectra
63117

Theory 6060
Pumps, ejector

Steam
Design 60166 64125
Performance 60166 64125

Theory 60165
Pumps, mechanical

Automatic control system 60194
Ballast gas admittance

Pumping water vapor 61151 6355
Gaedes contribution 63143
Molecular drag

Design 60144
Magnetically suspended 6158

Performance 60144 6158 61173
Isotope separation 6353
Pumping rates, light and heavy
gases 6218

Review 61228
Theory 60144 6158 64212

Isotope separation 6353
Pumping speed 6359 64212

Review 63143
Roots blower

Multiple
Performance 647"

Theory 61177
Performance 62139 63162

Theory 62139
Water vapor pumping 6355

Rotary
For corrosive products 61219

Turbo-molecular 64172
Performance 62133
Review 61228 63283

Theory 61174 62133 6478
Theory 61224

Pumps, orbltron, see Ion pumps

Pumps, sorption, see Traps, Pumps, cryogenic

Pumps, thermomolecular (transpirational flow)

63142 6427 6441
Quartz, see also Silica, fused

Brazed to metal 63313
Diffusion of gases, see Diffusion
Oscillator pressure gage

Acoustic Impedance a function of pres

sure 6540
Adsorption of molecular beam effects

resonance frequency 65152
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Radioactive ionization gages
Accuracy 6398
Application, rocket use 64120
Design

Plutonium 60223 6571
PM 147, voltage measured 63337
Polonium 210

Pulses counted 64120
RaD and RaE mixture used 62121
Review 64104
Tritium 6348 6424

Pulses counted 64120
Range, torr

7.5 X 10-5 - 75 6571
10-^-200 6424
10-3-50 6348
8 X 10-3-760 64120
10-2-up 63337

Review 64104
Sensitivity, various gases 60223 6571

Radiometer force measurement 6349
Radiometer gages, see also Thermomolecular gages

Calibration techniques, see
Design 6201

Klumb 6194 6438
Magnetic suspension 63309 6438 64246
6573 65153

Vibration of aluminum ribbon 65153
Heat transfer effect 60207
Performance 6194 61124 6201 6438

Radiation pressure effect 6194 63164
6467

Sensitivity, various gases 6201 65253
Pressure range, torr

10-10-10-5 6573
10-8 -10-2 6438

Review B644 65153
Standard instrument 6573
Theory 6201

Klumb-Schwarz 63164 6426 6438
Pressure variation, temperature non-

uniform 64145
Re-emission, adsorbed gases, see Adsorption
Residual gases in system

Adsorption
By molybdenum, nickel, tantalum, tung-
sten 6031

Composition 6511
For various heating and pumping tech-

niques 6021
In microwave tubes 60105

Cryo pump 64187
Electron tubes 6018 6019 6020 6021
Getter- ion pump 61167 64187 65106
Glass-metal systems 6020
Ion pump 64187
Measurement method 6020 6021

For electron tubes 6018 63328
Metal, ultra-high vacuum 63244
Oil diffusion pump 61167 63258 65257
Oxygen flush to eliminate rare gases 62219
Review 65165
Source 6274
Stainless steel envelope 61102 65274
Titanium evaporated film 63338
T-V picture tubes 6020 6022 6023
Various cold traps 65186

Reva viscosity gage 61126 6420

Rhenium
Alloys 6453 64127
Emission, thermal 6583
Heat of vaporization 65285
Physical properties 6553 64127
Surface ionization, Li, Na and K, and their
chlorides 65224

Rubbers, see also Gaskets
Outgassing data 6142 6271
Sublimation data 61116 6270

Safety devices, see Vacuum systems
Satellite environment

Materials evaluation, see Materials
Space simulation, see

Scatter of atomic beam
Proportional to pressure 6191

Seals, vacuum
Adhesive film "M" 65110
Aluminum, bakeable 6120
Ceramic-metal seals 61118 63124 6448 65309

Evaporates molybdenum film on ceramic
65156

Review 6471 7494 64223
Titanium 60191 62230 63124 65304
Welded 64150

Coined gasket
Flange, stainless steel 61117
Gaskets, copper 61117

Conflat
Flange, stainless steel 61117
Gasket, copper 61117

Elastomers 61116
Electrode feed through

Ceramic-metal 61118 6448 64200
Epoxy resin casting 64255
Glass-metal 6307 64260
High current 6535

High voltage 6306
Miniature, demountable 65252
Thermocouples 64260

Epoxy resin 61115 61194 63289
Copper-nylon 64240
Technique 6097

Evacuated space seals 63173
Gaskets, see

Glass to glass, double joint 65326

Glass to metal 65309
Alloys 63294
Compression

Chrome- steel tube 6565

Review 61154
Stainless steel 65302
Welding 6014

Knife edge type 61159 62137
Gasket, copper 60105 6117 61117
Knife, stainless steel 61117

Large diameter
Bakeable 6341

Linear motion transmitted, see Vacuum systems

Low melting point solids
For glass seals 63294
Indium 60158

Low temperature application
Designs 65245

Metal to metal joints
Aluminum-stainless steel welds 52230

Aluminum- titanium welds 62230
Bakeable 61159 6204 62137

Brazed 63249
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Seals, vacuum (cont'd)
Metal to metal joints (cont'd) <.

Clamp design 6430 64106 65121 65175
Evacuated space seal 63173
Flexible cylinder-ball and socket 63153
Gold-silver alloys 64186
Highly stressed 60193
Review 6481 6493
Ultra-high vacuum application 64102
Welded 62230 63249 63308

Motion into system, see Vacuum systems
Quartz brazed to metal 63313
Review

Brief 58171 60168 6288
Comprehensive B631 B654 62137
Electron tubes B655
For mass spectrometers 6315
Metal joints B654
Soldering and brazing techniques 6442

Rotary motion transmitted, see Vacuum systems
Rough surface sealing 6534
Silver chloride 60103 63155
Stepped

Flange, stainless steel 61117
Gasket, copper 61117

Titanium- indium alloy to fused silica 61106
Tubing, wide bore, evacuated, sealing method
64217

Valve seal, see Valves
Window seal 6010 65248

Silica, fused
Reaction with hot metals 61106
Vycor

Diffusion coefficients, solubilities,
permeabilities for noble gases 6003

Silicon
Borosilicate glass causes boron deposit 6099

Solubility of gases in liquids
Pump oils

Air and helium 5493
Review 4113

Solubility of gases in solids, see Diffusion
Vycor 6003

Soret effect, tungsten 65166
Sorption, see Adsorption, Degassing
Sorption pumps, see Traps
Space, see Upper atmosphere
Space simulation

Adsorption and desorption effects 63199

6433 64231
Chambers 62202 63134 64225 6559 6561 65205

Outgassing problems 65170
Pumping system 64233 6559 65199 65205
Pumping time, wall cooled, theory 64237
Thermal simulation 6567

Review B631 64116
Seal, rotatable 6115 '

Temperature control 6525
Sputter ion pumps, see Ion pumps
Stanford linear electron accelerator 6533
Sticking coefficient, see Condensation coefficient
Sublimation in vacuum

Enamel, white. No. 293224 at 200°F 60173
Epocast

15 E at 325°F 60173
15 F at 300°F 60173

Polymers (40) 6270
RTV 60 at 320°F 60173
Rubbers 61116 6270

Surface area measurement 6343
Barium getter 6050 6051
Gas adsorption method 6082 6093 6287 63202
64197

Krypton adsorption used 60110
Review 6068

Graphite surfaces 64197 65291
Krypton isotope used 64133
Powders 63296
Theory 64196 65291

Surface cleanliness
Contaminated by organic and silicone vapors
6333

Methods of securing 6144 6346 '63203 63251
63297

Film on glass removal 63158
Liquid metal surface 62222
Tungsten

Points 62213
Ribbon 6005

Review 63256
Tungsten 6030

Surface reaction phenomena, see Adsorption,
activated

Surveys, see Books and surveys
Tantalum

Adsorption, see

Degassing, see

Gettering properties 63226
Heat of vaporization 65285
Oxides, 700-1000°C 63225
Thermal conductivity 6519
Thermionic emission 65284

Teflon
Coating on glass or metal reduces outgassing
63130

Tensimeter, see Vapor pressure measurement
Pressure measured by known boiling point 6133

Terminology
American Vacuum Society, tentative 6376
Comment 6521
French-German-English 63193
German 6375
Graphic symbols 6407
Pressure 65140

Thermal conductivity
Binary mixtures, argon, helium, neon, krypton,

xenon 59183 60198
Argon-hydrocarbons 65261

Gases 6291
Molybdenum, platinum, tantalum, tungsten,

platinum alloy 6519

Thermal conductivity gages

Pirani gages, see

Reviews, see Books and Surveys

Thermistor, see Pirani gages

Thermocouple, see Thermocouple vacuum gages

Thermal insulation, vacuum, theory 65243
Thermal transpiration

Argon 61141
Helium, pressure effect 63334 65168
Hydrogen 61141 63229
Krypton 63229
Mercury 6135 61141
Methane 63229
Neon 61141 63229 65168
Pump, see Pumps, thermomolecular
Theory 63211 65168 65241 65278

Capillary tubes 64219
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Thermal transpiration (cont'd)
Tube, closed 63211
Xenon 61141

Thermocouple vacuum gages
Application

Pressure controllers 60194
Wind tunnel 6396

Design 6228 6303
Amplifier 64210 6588
Automatic resetting interlock 6588
Self balancing potentiometer 6396
Thermocouple, radiation heated B621
Thermopiles, thin 61150

Performance 6303
Russian LT-2 and LT-4M 64110

LT-2 pressure range extended 64115
Pressure range, torr

5 X lO-o to 10-2 3113 61150
10-5 to 10-2 6396
2 X lO-'^ to 200 6303
10-3 to 1 6228

Response time 6187 6303 64115
Review, Russian models 64151
Sensitivity to various gases 6303

Argon 64115
Thermocouple materials

Antimony-bismuth 61150
Chromel-alumel 6396

Thermomolecular gages 5794 59193 65289
Calibration standard 62233
Periodic changes, gas kinetic energy vibrates
vane

Amplitude measured 6087

Thoriated tungsten, see Cathode filaments
Thorium oxide, see Cathode filaments
Throughput, see Flow of gases, free molecular
Titanium

Adsorption of gases, see Adsorption, Degas-
sing

Film, residual gases 63338
Getter, see

Getter- ion pumps, see

Physical properties 65304
Secondary emission, clean and contaminated
surfaces 63314

Vapor pressure 6273 55304
Topatron, see Mass spectrometers
Torsion balance, sensitive 6522
Tracer gases, see Leak detection
Transducers, see Mechanical pressure gages, micro-
manometers
Transmitting motion into vacuum system, see Vacuum
systems

Traps, see also Pumps, cryogenic and Getters
Alkali-earth alloys, liquid 63243

Alumina, activated 6011 60147

Cadmium
Traps mercury vapor 65273

Carbon, activated
Surface properties 6473

Charcoal, activated, cooled 60220 63115

Air 65317
Argon 6284 65317

Helium 65167
Hydrogen 61203 65167 65317

Methane 63212
Nitrogen 6265 63212

Performance as a pump 63150 64160 65220

Theory 63150
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Cold traps
Applications 65305
Design 54136
Hazards 6317
Liquid level measurement and control

Argon condensation change varies
measured pressure 6598
Automatic control 61172 6496 64138
64270

Capacitance gage 61153
Carbon resistor elements 6526
Differential pressure gage 6587
Float controls electrical contacts
60124

Thermistor element 63178 63190
Thermocouple sensor, inside dewar
wall 6595

Liquid nitrogen, see below
Pumping action, see McLeod gages and
also below

Review 6317
Cryosorption 65272
Temperature sensor 61146 61149

Theory 6146
Two traps permit bakeout 64126

Copper foil 62144
Graphite 63333

Argon 65318
Carbon dioxide 65318
Krypton 65318
Nitrogen 65318

Helitim, liquid, see Pumps, cryogenic
Hydrogen, liquid, see Pumps, cryogenic
Molecular sieves 60155 60174

Desiccant 6123
Performance

Liquid helium cooled 65268
Liquid hydrogen cooled

Helium and hydrogen pumping
65167

Liquid nitrogen cooled 6159 64228
65220

Ultra-high vacuum 63208 65207 65220

Nitrogen, liquid
Design 6419 6552 65236

Condensing surface area constant

6431
Gases desorbed as trap warms 61120 6563

Large capacity 60199
Level controller, see Cold traps, above

Pumping action, cold traps

Gas pumped by mercury vapor 6135 61141

6262 63109 63315
Liquid helium

Argon traps helium and hydrogen
63113

Review 63283 63305 6495
Silica gel 60220

Methane 63212
Nitrogen 63212

Silica, porous 6461
Thermal insulation, vacuum theory 65243

Thermoelectric cold traps

Design 62130 65286
Performance 62130 65286

Zeolite, synthetic
Application 64258 6566 65324

Crystal structure 6566
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Traps (cont'd)
Zeolite, synthetic (cont'd)

Design 60174 63242 65324
Liquid nitrogen cooled 6288 6338
6505

Pellets 60155
Performance 6343 63242 64160 64258 6566

Liquid nitrogen cooled 6286 6338
6505 65324 65328
Pressure limit 5 x 10"^^ torr 6338
Pump oil back streaming prevented
60147

Pumping speed 60155
Air 60174
Argon 60174 6143 6286 65328
n-Butane 6143
Carbon dioxide 6143
Carbon monoxide 6143
Helium 6143
Hydrogen 60174 6143 6286 65328
Methane 6143 63212
Nitrogen 60174 6143 6286 63212
65328
Oxygen 6286

Regeneration 6566
Review 6566

Tungsten
Adsorption of gases, see Adsorption
Barium adsorption 64222
Degassing, see
Desorption of strontium 65242
Elastic properties

High temperature 62117
Filaments, see also Cathode filsiments

Adsorption
Carbon 65125
Carbon monoxide, nitrogen 6030
62109

Hydrogen 62109
Krypton, argon, neon, xenon 6425

Alkali ions emitted 58170 6392
Adsorbed by grid and emitted as

positive ions 6392
Increased by impact of rare gas
ions 58170

Reaction with oxygen 59180 6105
Soret effect 65166
Temperature variation of 6132

Contaminants evaporated 62229
Photo desorption of carbon monoxide
6512
Positive ion emission 61207
Thoriated, carbonized

Chemical properties 62129
Mechanical properties 6224 62129
Thermionic properties 62129

Thorium on grain-oriented polycrystal-
line 65311

Time- temperature characteristics 6322

Vapor deposited 6377
Heat of vaporization 65285
Oxides at high temperatures 63219
Thermal conductivity 6519
Work function, crystal 65312

Tunnel cathodes 65303
Units, vacuum measurement 6189 6219 7

International 63318
Inverted log scale 61213 6432
Log-density scale 63227

Units, vacuum measurement (cont'd)
Logarithmic 64176 65193
Millibar proposed 6536
Sub multiple notation 62146

Upper atmosphere
Hydrogen detector 6502
Ions 63285
Materials evaluation, see Materials
Pressure measurement

Corona discharge 6584
Ionization gage 6390
Mass spectrometer 6570
Oscillatory glow discharge 6121
Plrani gage 62127
Pressure, helium and neon samples 60161
Theory 6298 62176

Research application, mass spectrometers
Double focusing 60115
Electrical mass filter 6472
Radio frequency 5276 60226 63284 63285

Space simulation, see
U-tube manometers, see Micromanometers

, liquid
U-tube

Vac- ion pumps, see Ion pumps
Vacuum controllers and regulators

Bayard- Alpert gage controls valve 6078
Mass spectrometer controls valve 6569
Pirani gage controls servo 63245
Radioactive ionization gage controls valve
6078

Titanium getter controls hydrogen pressure
6409

Vacuum lock, see Locks
Vacuum measurement, see Pressure measurement
Vacuum measurement, general, see also Books and
surveys

Bibliography 6101
Cryopumplng can eliminate bakeout 6209

Definitions of pressure 65140
Electrical conversion circuits to standard
potentiometer 64261

Meaning of gage readings 6313 65140
Merits of various gage types 60205
Review 62159 62163 63180 63183 65165 65289

Russian models 64151
Space simulation 64224
Spherical chamber advantages 65171
Temperature nonuniform 64145
Upper atmosphere, see

Vacuum production, ultra-high, see also Pumps
Adsorption 6146
Bakeout temperature, optimum 64158
Diffusion pump and cold trap 64140
Getter- ion pump 60225 62159 63129 63282

Liquid nitrogen cooled depositing sur-

face 65130
Ion and getter- ion pumps combined 65124
Mercury vapor pump 59184 63120 63281

Seven-stage 61196
Perfect vacuum impossible 65122
Pumping systems 6086

Backstreaming prevented 64126
Cryogenic 62138 65199 65200
Diffusion (hydrogen) -sorption system
65259

Diffusion pumps 6015 6165 62134
Two in series 6017 62179

Electron storage rings 6531
500,000 1/s 6530



SUBJECT INDEX - - continued:

Vacuum production (cont'd)
Pumping systems (cont'd)

Getter- ion and sorption pumps 63321
High capacity 60170 63129 6530

Ion and sorption pump system 65280
Ion pumps 6339
Linear electron accelerator, Stanford
6533

Mercury diffusion pump, two cold traps
64158

Metal chambers, large 63281
Diffusion pump with various cold
traps 65186

Molecular beam techniques 65162
Molecular sieve plus cooled chevrons
65207
Protective transistor circuit 61214
Proton storage rings 6532
Proton- synchrotron 62187
Review 60205 61210
Space simulation chamber 64283
Titanium getter-ion pump 65211
Zeolite trap plus palladium membrane
65259

Reviews, see also Books and surveys
Brief 60202 62163
Comprehensive B635 62181
German 61222 64140 65165
Russian 63283

Unbaked systems
Ultimate vacuum 64166

Vacuum systems, see also Vacuum production
Angular motion into, see Motion into, below
Backstreaming silicone vapor polymerized 6309

Degassing 6118
Bakeout avoided by cryopumping 6209

Glass, bakeable to 500°C 63288
Stainless steel, polished 63209

Design
Chamber, sealed with enclosed ion pump
65281
Problems 60168 6274
Protron- synchrotron 6033
Pumping systems, see Vacuum production
Spherical shape advantages 65171

Leak detection 63194
Motion into

Angular 6115 6310 63171 6403 64113

Combined angular and linear 6387
Linear 61129

Bimetallic strip, heated 64149
Two coordinates 6562

Reciprocating 6499

Rotatable continuously 6115 6310 63171

6403 6499
High speeds 65164
Review 64243

Universal, linear, orientation, tilt

65267
Operational problems 60168
Overpressure protection 64105

Lag compensates for inadequate valve
speed 64103

Pressure measurements, dynamic
Theory 6284

Vacuum systems (cont'd)
Pump down performance, see also Vacuum pro-
duction

Fore-line conductance effect 65221
Getter-ion pumps 60169 62159 63321
Pressure vs pumping time 63340 65212

Various gases 65214
Two diffusion pumps in series 6017 62179

Residual gases, see

Space simulation, see

Spherical, cryopumped
Piimping speed 65258

Surface physics measurements 6339
Teflon coated surfaces 63130
Temperature control 6525
Ultimate vacuum

Comparison, various pumps 64187
Unbaked system 64166

Water leak detection 65222
Vacuum techniques

Evaporated film production 60168
Reviews, see Books and surveys
Ultra-high vacuum

Glass systems 62159
Valves, see also Seals

Bakeable 61176 62137
Ball valve, bellows seal 65260
Steel deforms soft copper 63179
Tungsten carbide hemisphere on platinum
gasket 62161

Commercially available in U. S. 65265
Demountable

Knife edge seal 61175 6285
Disk valve, pressure controlled 65325
Gallium

Liquid, glass float 62153
Gases admitted in pulses 65215 65266
Gate 63290 6497 6591 65283
Gate seal, conoseal 61119
High speed, electrically operated

Produces gas pulses 61137 61191
Hoke, modified 6514
Hydraulically operated 65113 65250
Indium-tin eutectic 6576
Linear motion operates 60145 60146 6117

Ball valve 65260
Bellows used 58171 6236 65260
Gold wire seal 65112
Indium-tin eutectic 6576
Knife-edge seal into copper 64182
Magnetically operated 61173

Fast operation 6074 63140 65215
Glass ball 6203

Piston-cylinder design 65250
Sliding plate 63187

Sealed by atmospheric pressure
61145

Mass spectrometry 6315

Micro pulse valve 65215 65266
Needle, controls minute flow 60101
Optical flat glass 6363
Pressure bursts during operation 65217
Review B642 6497
Slide 6497
Tele controlled, specifications for 64101
Throttle 6497
Ultra-high vacuum

All metal 60145 60146 6117

Vacuum lock valve 61195
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Valves (cont'd) Viscosity vacuum gages (cont'd)

Valve stem seal 64100 Rotating disk or cylinder (viscous drag)
Vapor pressure Design B621 1307 1503 6318

Amoll-S 4724 Magnetically suspended, decrement meas-
Butyl phthalate 4724 ured 6205

.Cerium 64202 Performance 6318

Cesium 6059 Theory B621 1503
Hydrogen 6245 Rotating sphere
Iridium 63213 Magnetically suspended, decrement meas-
Krypton 64266 ured 6205 6509
Lanthanum 64202 Performance 60144 6205
Liquids, low temperature 61157 6347 Theory 60144 6205
Nitrogen 6245 Rotating vane system
Octoll 4724 Electrically driven, frequency varies
Octoil-S 4724 with pressure 60117 6250
Organic compounds 5170 60197 Theory 6255
Pump oils 65296 65322 Theory
Rare earth metals (14) 64202 Molecular drag, vibrating plate and
Ruthenium 63213 cylinder 63231
Theoretical extrapolations 6444 Water vapor
Titanium 6273 65304 Adsorption, see

Xenon 61141 64266 Degassing, see

Vapor pressure measurement, vacuum range 58172 Desiccants, see

Cesium in photoelectric tube Diffusion in solids, see Diffusion into or

Flash technique 6058 through solids
Dead weight disk valve, see Mechanical pres- Reactions in electron tubes 6032
sure and vacuum gages Window seal, see Seals

Dew point method 4724 X-ray limit, ionization gages, see Ionization
Effusion-torsion method 4728 59179 60188 6116 gages
64202 Zeolites, see Traps

Theory 5278
Mass spectrometer used

Metals 6380
Organic liquids 5170

Mlcrobalance used
Quartz spring

Force against disk measured 4634
Tungsten spring

Lineal transformer measures de-

flection 6470
Review 2911
Tenslmeter

Pressure balanced by inart gas 3011

Vapor pressure equalized with air pressure

3011 59190
Weight, loss and gain measured

Metals 6380
Viscosity vacuum gages

Molecular drag, theory
Vibrating cylinder 63231
Vibrating plate 63231

Oscillating filament
Bifilar 2409
Log decrement proportional to pressure
61131 6214

Oscillating vane
Theory 9701

Resonance, oscillating filament
Angular oscillations, amplitude propor-

tional to pressure
Performance 6183 61124
Theory 6183

Constant amplitude pendular oscilla-

tions, power measured 61126

Theory 6255 6420
Pendular oscillations, amplitude
measured 62142

Reva gage 61126 6420
Review 6541
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