FYSS320 — Vacuum techniques

Exam, 30.8.2013

Short, concise answers are preferred.
Vastaukset voi antaa myds Suomen kielella.

Problem 1.
Let’s assume a cubic-shaped vacuum chamber with a length of the inside wall equal to 20
cm. Assume two pressures:

a) 10 Pa.

b) 10” Pa.
In both cases, describe the amount of the rest gas, its composition and the state. Explain how
the heat is transferred in the rest gas and list means to reach such a vacuum.

Problem 2.

a) Discuss shortly different sources of gas load in the vacuum system,

b) Explain shortly the principle of gas ballast.

c) Is it possible to measure the absolute partial pressure of the certain gas component by
using the rest gas analyzer? Present a short justification for your answer.

Problem 3.
Two thermally isolated vacuum chambers have a common wall with an aperture diameter
equal to d. Absolute temperatures of chambers are T; and T,.

a) Show that diffusion coefficients D; and D, have the following dependence:
D1/D, = (T4/T2)*?, whend >> <A>and <A> is an average collision distance of molecules.

b) Show, that the pressure and density of the gas are different in different chambers and
those can be expressed as
p1/p2 = (TofT1) Y2 and Py/P, = (To/To)Y?, whend << <A>

Problem 4.

A vacuum chamber should be pumped down from an atmospheric pressure to high vacuum.
For this purpose it is connected to a pumping station containing a turbo molecular pump, a
roughing pump and necessary valves, etc. Draw a layout of the typical connection to vacuum
system and name all components. Describe means to prevent oil diffusion, if any, to the
vacuum system.



Appendices:

Table 2.5.
Critical constants T¢, Po, Van der Waals’ constants 4, b, molecular diameters &, and mean free
paths 2, computed from egs. (2.26), (2.29), (2.56).

Gas Formula Te Pe A b & ¥
oC atm |:£“_3_:|E‘atm cm?/mole cm cm
mole
Helium He —267.9 2.26 3.412x 104 23.70 2.61x10-8 9.26x10-3
Neon Ne —228.5 25.9 2.107x 10° 17.09 2.38x 108 1.03x10-2
Argon A —122.0 48.0 1.345x% 10° 32.19 2.94%x 10-8 7.34x 103
Krypton Kr —63.0 54.2 2.318x10% 39.78 3.16x10-8% 6.38x 10-4
Xenon Xe 16.6 58.2 4.194x10% 51.05 3.43x10~% 5.40x 10-¢
Hydrogen H, —239.9 12.8 2.450% 105 26.61 2.76x 1073 §.33x 103
Nitrogen N; —-147.1 33,5 1.390x10% 39,13 3.14x10-% 6.44x10-1
Air — — — - 1.33 x10° 36.6 — —
Oxygen 0, —118.8 49.7 1.360x10° 31.83 2.93x10-8 7.40x10-¢
Mercury Hg >1500 >200 8 x 106 17.0 2.38x10-8 1.12x10-¢
Ammonia NH; 132.4 1115 4.17 x10% 37,07 3.09x10~% 6.68x10-¢
Carbon
monoxide CO —139.0 35.0 1.485x 108 39.9 3.16x 108 6.36x 103
Carbon
dioxide COz 311 73.0 3.59 x 10 42.67 3.22x10-8 6.13x 103
Acetylene CyH, 36.0 62.0 4.39 x10® 51.40 3.44x10-8 5,38x10-7

*Mean free path for P=1 Torr, T=273°K.

Kaasu SD K n ¢
(107 m%%s) (102J/m-s-K)  (10° kg/m-5s) (10710 m)

H, 12,8 16,8 0,847 2,74
He 14,3 1,87 2,19
CH, 2,06 3,04 1,03 4,18
Ne 4,52 460 3,12 2,54
co 2,30 1,66 3,78
N, 1,78 2,37 1,67 3,77
0, 1,81 2,42 1,91 3,64
Tima 2,41 1,71 3,76
Ar 1,57 1,63 2,09 3,68
Co, 097 1,46 1,38 4,64
Cl, 0,77 1,24 5,52

Unit Pa

bar 10°

Torr = mmHg 133.3

atm 1.013x10°

psi 6.89x10°
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in the last digits; the corresponding fractional uncertainties in parcs per 1

1. PHYSICAL CONSTANTS

Table 1.1, Reviewad 2005 by P.J. Mohr and BN, Taylor (WIST). Based mainly on the “CODATA Recommendsd Values of the Fundamental
Fhysical Constants: 2002" by P.J. Mobr and BN, Taylor, Rev, Mod, Phys, 77, 1 (2005). The last gronp of constants (beginning with the Fermi
coupling constant) eomes from the Particle Data Group, The flgures in parentheses after the values give the 1-standard-deviation uncercainties

[ppb) are given in the last column. This set of constants [aside

from the last group) 38 recommended for international use by CODATA (the Committes on Data for Science and Technology), The full 2002
CODATA set of constancs may be found ac brep:/ /physics .n1et. gov/CONSTANTE

Crantity Symbaol, equation Value Uncertainty (pph)
speed of light In vacuum c 200 702 458 m 5! exact®
Planck constant B 6620 0603(11)=10—H T 5 170
Flanck constant, reduced = k27 1.054 571 68(18)=10-M T 5 170

= 6.582 119 15[36)«10-22 MeV = s
electron charge magnitude e 1602 176 5314121019 © = 4803 204 41(41)x10-Wasn &5 85
OOIVErsion eonstant e 197,226 9G6E(17) MeV fm 85
COTIVErsion constant [#e)? 01,380 370 393(07) GaV2 mharn 170
electron mass m, 0,510 998 918(44) MeV /2 = 0,100 382616 )< 10— kg &6, 170
Proton mass mp 935,272 020(80] MeV/ S = 1072 621 71(29) <1027 kg &6, 170

= 1.007 276 460 84/13) u = 1825 152 672 61(85) m, 0.12, 048
danteron mass g 1875612 B2 16) MeV /2 B8
unified atomic mass unit [1) {mass '2C atom)/12 = (1 g)/(N4 mal) 931494 043(30) MeV/& = 1.060 536 B6(28) <10~ 27 kg 8, 170
permittivity of free space q = 1_-",;50-:2 8554 187 817 ... «10~ 2 F m! axact
permestility of free space 0 dr o 10-T N A2 = 120508 370 614 ... «10-T N A2 axact
flne-structure constant a = 2 jdmeghie 7.207 352 A68(24)= 10— = 1 /137.035 099 11(48) 33,33

classical electron radins

o= eﬂ_.-'-i TENTRec

2,617 940 325( 28] <10~ m 10

(e— Compton wavelength) 27 %, = hfmge = oo 3801 592 67E(28)x10-13 m 6.y
Bohr radius (mpyefons = o) Ao = dmenh? fmee? = roa—2 0,520 177 2108{18) <100 m 2.3
wavelengrh of 1 eV /e particla Reef (1 &V 1.230 841 91(11):10-% m 85
Rydbarg ensrgy hefne = moed! 2 dmeg P2 = mee?a?/2 13005 GO23(12) 6V 8
Thomzon cross section or = 5.11'3_.-'3 0.605 245 873(13) barn 20
Bohr magnston g = el 2m, 5.788 381 804020 )= 10~ aev T 0.7
nuclear magneton = el 2my, 3152 451 2509(21 )= 10— aey T-1 .7
electron eyclotron freq. field wl /B = efms 1.758 820 12(15)x 10! rad s=1 T-1 a6
proton cyclotron freq. /fleald wh/B = efmy 9.575 833 T6(52) = 107 rad s—1 T—1 86
gravitational constant? Gy 6.6742(10) 10— 1 md k-1 -2 1.5 = 107

= G.O8T(10)x 10~ ke (Gev /et L5 = 107
standard gravitational accel, in 0806 G5 m -2 axact
Avogadro constant Ny .022 141510 < 102 mal—! 170
Bolizmann constatt & 1.380 650524 < 10~ 2% 7 1 1800

= 8617 343(15)x10-5 eV K1 1800
molar volume, ideal gas at STP W k(272,15 K)/(101 225 Pa) 22413 80628110~ m® mol—! 1
Wien displacement law constant & = Ap,. T 2807 TEE5(51) 10— m K 1700
Stefan-Boltzmann constant = nﬁlﬂi_.-'umﬁc? 36704000401 10— F W m—2 K1 S
Fermi coupling constarmt* G/ he) 1000 371 ) =10" Gev-2 )
weak-mixing angle sin? Mz ) (3E) 0.2a129( 15t i« 107
W# hoson mass Ty A0.403(20) GV /e 36w 1P
2" boson mass g 911876 21) Gev/cd 23« 10t
strong coupling constant aglmz) O.1176(20) Ity

7 = 3141 502 653 580 703 238

e = 2718 281 528 450 045 235

7 = 0.677 215 664 901 532 861

1in =0.0254 m
1A=01nm
1 barn = 10— 2

te=10-4T
l1dyne=10"" N
lerg=10-"1 2007 024 58 < 100 esu =1 C

18V =1.602 176 53(14) =« 10-19 ]
1eV/e® = 1.782 061 B1{15) « 10~ kg

ET at 300 K = [38.081 ﬁSd[ﬂSj-:‘l al
0%C=27315K
1 atmesphers = 760 Torr = 101 325 Pa

* The meter 35 the lengeh of the pach travelsd by Bght in vacouwm during & time interval of 17299 702 458 of a second.
targ? =0, ac Q% mm, the value is ~ 17128,
$ Absolute lab measurements of &y have besn made cnly on scales of about 1 em to 1 m.
** Baa the discussion n Sec. 10, “Electroweak model and constraints on new physics.”

1t The corresponding sin? @ for the affeetive sngle 1s 0.23152(14).



4. PERIODIC TABLE OF THE ELEMENTS
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