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Appendix A

Appendix

A.1 Pressure dependent quantities and constants of
helium-3

Most of the numbers presented in this appendix are taken from W.P. Halperin’s *He
Calculator [142]. Their numbers based on the references [143], [144], [145] and [146].

| Quantity | Symbol | Value | Units |
modified Planck constant h 1.0545727-1073% | J s
gyromagnetic ratio *He v 20.3801587- 107 | rad Hz T—*
Boltzmann constant kg 1.380658 - 1023 JK!
vacuum permeability Lo 47 -1077 N A2
3He mass m 5.008234-107%7" | kg
cut off energy Ec ~ 0.7 kp J
Riemann Zeta function ¢(3) 1.202 -
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P m*/m Fy Fy vF T. P m*/m Fg Fy VE T.
bar ms” ! mK bar ms ! mK
0.0 2.80 -0.701 5.40 59.03 0.93 3.5 3.22 -0.720 6.65 53.07 1.34
0.1 2.81 -0.701 5.44 58.83 0.94 3.6 3.23 -0.721 6.68 52.93 1.35
0.2 2.83 -0.702 | 5.48 58.64 0.96 3.7 3.24 -0.721 6.72 52.78 1.36
0.3 2.84 -0.703 | 5.52 58.45 0.97 3.8 3.25 -0.722 | 6.75 52.64 1.37
0.4 2.85 -0.703 5.55 58.26 0.98 3.9 3.26 -0.722 6.78 52.50 1.38
0.5 2.86 -0.704 5.59 58.07 1.00 4.0 3.27 -0.722 6.81 52.36 1.39
0.6 2.88 -0.704 5.63 57.88 1.01 4.1 3.28 -0.723 6.85 52.22 1.40
0.7 2.89 -0.705 | 5.67 57.69 1.02 4.2 3.29 -0.723 | 6.88 52.08 1.41
0.8 2.90 -0.706 | 5.70 57.51 1.04 4.3 3.30 -0.724 | 6.91 51.94 1.42
0.9 2.91 -0.706 5.74 57.33 1.05 4.4 3.31 -0.724 6.94 51.80 1.42
1.0 2.93 -0.707 5.78 57.14 1.06 4.5 3.32 -0.725 6.97 51.67 1.43
1.1 2.94 -0.707 5.82 56.96 1.07 4.6 3.34 -0.725 7.01 51.54 1.44
1.2 2.95 -0.708 | 5.85 56.79 1.09 4.7 3.35 -0.726 | 7.04 51.40 1.45
1.3 2.96 -0.708 | 5.89 56.61 1.10 4.8 3.36 -0.726 | 7.07 51.27 1.46
1.4 2.97 -0.709 5.92 56.43 1.11 4.9 3.37 -0.727 7.10 51.14 1.47
1.5 2.99 -0.710 5.96 56.26 1.12 5.0 3.38 -0.727 7.13 51.01 1.48
1.6 3.00 -0.710 | 6.00 56.09 1.14 5.1 3.39 -0.727 | 7.16 50.88 1.49
1.7 3.01 -0.711 6.03 55.92 1.15 5.2 3.40 -0.728 | 7.19 50.75 1.49
1.8 3.02 -0.711 6.07 55.75 1.16 5.3 3.41 -0.728 | 7.23 50.63 1.50
1.9 3.03 -0.712 6.10 55.58 1.17 5.4 3.42 -0.729 7.26 50.50 1.51
2.0 3.05 -0.712 6.14 55.41 1.18 5.5 3.43 -0.729 7.29 50.38 1.52
2.1 3.06 -0.713 | 6.17 55.25 1.19 5.6 3.44 -0.729 | 7.32 50.25 1.53
2.2 3.07 -0.713 | 6.21 55.08 1.20 5.7 3.45 -0.730 | 7.35 50.13 1.54
2.3 3.08 -0.714 | 6.24 54.92 1.22 5.8 3.46 -0.730 | 7.38 50.01 1.54
2.4 3.09 -0.714 6.28 54.76 1.23 5.9 3.47 -0.731 7.41 49.89 1.55
2.5 3.10 -0.715 6.31 54.60 1.24 6.0 3.48 -0.731 7.44 49.77 1.56
2.6 3.12 -0.716 | 6.35 54.44 1.25 6.1 3.49 -0.731 7.47 49.65 1.57
2.7 3.13 -0.716 | 6.38 54.28 1.26 6.2 3.50 -0.732 | 7.50 49.53 1.58
2.8 3.14 -0.717 6.42 54.13 1.27 6.3 3.51 -0.732 7.53 49.42 1.58
2.9 3.15 -0.717 6.45 53.97 1.28 6.4 3.52 -0.733 7.56 49.30 1.59
3.0 3.16 -0.718 6.48 53.82 1.29 6.5 3.53 -0.733 7.59 49.18 1.60
3.1 3.17 -0.718 | 6.52 53.67 1.30 6.6 3.54 -0.733 | 7.62 49.07 1.61
3.2 3.18 -0.719 | 6.55 53.52 1.31 6.7 3.55 -0.734 | 7.65 48.96 1.61
3.3 3.19 -0.719 6.58 53.37 1.32 6.8 3.56 -0.734 7.68 48.85 1.62
3.4 3.21 -0.720 6.62 53.22 1.33 6.9 3.57 -0.735 7.70 48.73 1.63

A.2 Gap function

In the case of *He-B the gap function is isotropic, see figure 1.3. Since we deal with
p-wave pairing, the gap function for this particular phase has the same symmetry as
for the s-wave pairing (BCS theory). The behavior of the gap near T, is given by

T
A(T) ~ 3.06kpTo\[1 - —, (A.1)

and for 7' = 0 the gap equals

A(0) ~ 1.76kpT.. (A.2)

The gap function is not analytically solvable, however it is numerically solved by
Miihlschlegel [147] from which we took the calculated gap values. The A? as function
of temperature is plotted in figure A.1. The temperature dependence is fitted with a
4th order polynomial.

Best fit is obtained with least squares fitting techniques, and is given by
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Figure A.1: Upper graph shows the squared gap A? as function of temperature and
fitted by a 4th order polynomial. Lower graph shows the difference between the fit
function and the numerical values.

A(T)? 2
(o7 = 100459 — 0.15842(T/T.) + 124905 (T/T.)

— 3.06569 (T/T.)° + 0.97161 (T/T.)*. (A.3)

The differences between the numerical values and fit function is typically less than
0.1 %, this is sufficient for the purpose of this thesis.

A.3 Susceptibility of the B-phase of helium-3

The spin susceptibility in the normal phase, given in equation (1.5), is hardly temper-
ature dependent when T' < Tr. However, if one cools below T, the spins will form a
spin triplet configuration. At the lowest temperatures the populations will be equally
distributed over these three states. Consequently, the susceptibility should reduce to
2/3 xn, as the ms = 0 state (spin up-down state) does not respond to magnetic fields.
Simultaneously, the ’screening cloud’ effect of the atom in the normal phase decreases
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Figure A.2: Upper graph is the normalized susceptibility of the 3He-B as function
of temperature and fitted by an exponential function. Lower graph is the difference
between the fit function and the susceptibility xg/xn-

in the superfluid phase as well [148]. At zero temperature it results in a susceptibility
of the B-phase xp of approximately 1/3 xn.

As is shown in literature the temperature dependence of xp, for all pressures,
show approximately the same universal law as function of T'/T,. In figure A.2 the
susceptibility as function of temperature is plotted, data is taken from [149] [38].

The fit, obtained with least squares fitting techniques, is given by

xs(T)
XN

T
= 0.00417 exp (5‘09372T> +0.31601. (A.4)

C

While the data taken from literature are obtained at pressures higher than 18 bar,
we assume that the behavior of equation (A.4) will not change significantly for lower
pressures. Well it is most likely, that it may differ in detail. However, it should
not take off much of the quantitatively description of the susceptibility’s temperature
dependence.
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A.4 Transmission Line
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Figure A.3: Schematic representation of the elementary component of a transmission
line.

A.4 Transmission Line

The coaxial cable or transmission line can be seen as a repetition of elementary com-
ponents. Such an elementary component is shown in figure A.3. Here the conductor’s
resistance is represented by a series resistor R. The self-inductance is represented by a
series inductor L. The parasitic capacitance between the shield and core is represented
by a shunt capacitor C, and its losses by a shunt resistor G. As the transmission line
in principle exists of an infinite series of elements the components are specified per
unit length.

Our experiments are performed at relatively low-frequencies (500 kHz), for which
we assume that the self-inductance of the transmission line does not play an important
role, and will be neglected for low-frequencies. Also the losses due to the conductor’s
resistance R are considerably larger than in G, so we neglect GG, leaving only the
capacitor and resistor in the elementary component of the transmission line.

In our set-up the transmission lines are coax cables, of which the outer shield
is connected to the ground. The transmission lines are 2 meters long, due to the
length of the cryostat, resulting in a relatively high (total) parasitic capacitance,
which coincides with low impedance Zc,.,,.,, between shield and core. In our set-
up the transmission lines are connected between a high input impedance (high Q
tank circuit) and high output impedances (pre-amplifier), meaning that the current
through the transmission line is ’short circuited’ by Z¢ to the ground.

Figure A.4 illustrates the situation of N elementary components connected be-
tween a high in- and output impedance. The total current Iy, coming from the in-
put impedance will be divided over the parasitic capacitance of each element. For our
transmission lines we claim that Zo > R for each element, and we even assume that
the total resistance of the transmission line, Rroq = R1 + Ro+ Rz +...+ Ry_1 + Rn,
is much smaller than the total impedance Zc,,,,.

In that case the current will be (approximately) equally divided over all the par-
asitic elements, hence I} = I, = I3 = ... = Iny_1 = Iy = I, and the total parasitic
capacitance Cp,.,,,, equals the (parallel) adding of each parasitic capacitance per el-
ement, hence Cp,. ,,, = C1 +C2+ Cs + ... + Cn_1 + Cn = N - C. However, one
correction with respect to the resistance should be made, the current through R; is
much more than in Ry. It is important to know the proper effective resistance of the

143



A. Appendix

transmission line for our simulation, because it determines the additional dissipation
’seen’ in our tank circuit. We want to approximate the transmission line of figure A.4
with the total impedance of the coax capacitance in series with an effective resistor,
hence thotaal + Reff-

If we look how much elementary resistors are ’seen’ by the current through each
elementary component we get:

Il—)Rl
Ir »> R+ Ry
I3 - Ry + Ry + R3

In.1 >R +Rs+Rs+..+Rn_1
IN >R +Ry+R3+ ..+ Rn_1+ RN

Using that all elementary components R are equal, Ry = Ry = R3 = ... = Ry_1 =
Ry = R, than in average the resistors ’seen’ by the current is:

NR+(N-1)R+..+3R+2R+ R
L+DL+1I3+..4+In_1+In — ( )

N
N .
1R
L+bh+L+..+Iv+Iy— Z’*Tl
Here Ziiﬂ = (N71+§)(N+1) = (N)(éVH), for large N the sum equals N?/2. We
assumed that all currents are equal; Iy = I, = I3 = ... = Iy_y = Iy = I, this gives:
NR R
NI = Itotar — T = —T2otal = Reff = R¢
z R R R

Figure A.4: Transmission line existing of N elementary components. In this rep-
resentation L and G are neglected, due to relatively low operating frequency (500
kHz). The transmission is connected between a high in- and output impedance, con-
sequently the current uses the parasitic capacitance of the transmission line to reach
the ground.
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Figure A.5: The transmission line approximate for our conditions as a simple circuit.
Cp,...; 1s equal to the total parasitic capacitance and R¢ is half the value of the total
resistance of the transmission line.

For enough elements one can approximate the effective resistance by Ryotar/2 =
R¢. So, with our imposed conditions we can approximate the transmission line, as
illustrated in figure A.4, by a resistance R¢ (half the value of the total resistance in the
transmission line) and the total parasitic capacitance Cp,.,,,. However, one should
take into account that the transmission line is symmetric when the current comes from
the other direction, so to complete this symmetry the resistance R¢ should be places
on both side of Cp,,,,, as illustrated in figure A.5 which is the circuit representing
our transmission lines between room temperature and the tank circuit.

145



A. Appendix

146



Bibliography

[1] C. Garrod. Statistical Mechanics and Thermodynamics. Oxford university press,
New York, Oxford, (1995).

[2] C. Kittel. Introduction to Solid State Physics. John Wiley & Sons, New York,
Chichester, seventh edition, (1996).

[3] N.W. Ashcroft and N.D. Mermin. Solid State Physics. Holt, Rinehart, and
Winston, New York, (1976).

[4] A.L. Thomson, H. Meyer, and E.D. Adams. Phys. Rev. 128, 509 (1962).

[5] Helium Theory, Low Temperature Laboratory, Helsinki University of Technol-
ogy, http://1tl.tkk.fi/images/archive/ab.jpg.

[6] J. Bardeen, L.N. Cooper, and J.R. Schrieffer. Phys. Rev. 108, 1175 (1957).

[7] H. Kamerlingh Onnes. Comm. Phys. Lab. Univ. Leiden; Nos. 122 and 124,
(1911).

[8] D.D Osheroff, R.C. Richardson, and D.M. Lee. Phys. Rev. Lett. 28, 885 (1972).
[9] W.H. Keesom and K. Clusius. Leiden Comm. 219e, (1930).

[10] D.D. Osheroff. Rev. Mod. Phys. 69, 667 (1997).

[11] V.L. Ginzburg and L.D. Landau. Zh. Eksp. Teor. Fiz. 20, 1064 (1950).

[12] N.D. Mermin and C. Stare. Phys. Rev. Lett. 30, 1135 (1973).

[13] G. Barton and M.A. Moore. J. Phys. C'7, 4220 (1974).

[14] G. Barton and M.A. Moore. J. Phys. C'9, 970 (1975).

[15] R.B. Jones. J. Phys. C 10, 657 (1977).

[16] C. Bruder and D. Vollhardt. Phys. Rev. B 34, 131 (1986).

[17] W.F. Brinkman and P.W. Anderson. Phys. Rev. A 8, 2732 (1973).

147



BIBLIOGRAPHY

[18] R. Balian and N.R. Werthamer. Phys. Rev. 131, 1553 (1963).

[19] D. Vollhardt and P. Wolfle. The Superfluid Phases of Helium 3. Taylor &
Francis, London, New York, Philadelphia, (1990).

[20] A.J. Leggett. Phys. Rev. Lett. 31, 352 (1973).

[21] A.J. Leggett. Ann. Phys. (N.Y.) 85, 11 (1974).

[22] A.J. Leggett. Rev. Mod. Phys. 47, 331 (1975).

[23] S. Takagi. Prog. Theor. Phys. 51, 674 (1974).

[24] K. Bedell and D. Pines. Phys. Lett T8 A, 281 (1980).
[25] A.J. Leggett. Phys. Rev. Lett. 29, 1227 (1972).

[26] A.L. Fetter. Quantum Statistics and the Many Body Problem. Plemum, New
York, 127 (1975).

[27] L. Tewordt and N. Schopohl. J. Low Temp. Phys. 37, 421 (1979).
[28] N. Schopohl. J. Low Temp. Phys. 49, 347 (1979).

[29] P. Wolfle. Phys. Lett 4TA, 224 (1974).

[30] M. Eggenkamp. Ph.D. thesis, Leiden University, (1998).

[31] F. Pobell. Matters and Methods at Low Temperatures. Springer-Verslag, Berlin,
(1992).

[32] D.S. Greywall. Phys. Rev. B 27, 2747 (1983).

[33] R. Blaauwgeers, M. Blazkova, M. Clovecko, V.B. Eltsov, R. de Graaf, J. Hosio,
M. Krusius, D. Schmoranzer, W. Schoepe, L. Skrbek, P. Skyba, R.E. Solntsev,
and D.E. Zmeev. J. Low Temp. Phys. 146, 537 (2007).

[34] C.B. Winkelmann, E. Collin, Y.M. Bunkov, and H. Godfrin. J. Low Temp.
Phys. 135, 3 (2004).

[35] D.D Osheroff, W.J. Gully, R.C. Richardson, and D.M. Lee. Phys. Rev. Lett.
29, 920 (1972).

[36] D.D Osheroff and W.F. Brinkman. Phys. Rev. Lett. 32, 584 (1974).

[37] D.N. Paulson, R.T. Johnson, and J.C. Wheatley. Phys. Rev. Lett. 31, 746
(1973).

[38] L.R. Corruccini and D.D. Osheroff. Phys. Rev. B 17, 126 (1978).
[39] V. Ruutu, J. Koivuniemi, U. Parts, A. Hirai, and M. Krusius. Physica B
194 — 196, 159 (1994).

148



BIBLIOGRAPHY

[40] J. Koivuniemi and M. Krusius. Physica B 284 — 288, 2149 (2000).

[41] M.G. Richards, A.R. Andrews, C.P. Lusher, and J. Schratter. Rev. Sci. Instrum.
57, 404 (1986).

[42] V.V. Dmitriev, I.V. Kosarev, and D.V. Ponarin. Instruments and Ezperimental
Techniques 46, 845 (2003).

[43] M.R. Freeman, R.S. Germain, R.C. Richardson, M.L. Roukes, W.J. Gallagher,
and M.B. Ketchen. Appl. Phys. Lett. 48, 300 (1986).

[44] L.V. Levitin, R.G. Bennett, A. Casey, B.P. Cowan, C.P. Lusher, J. Saunders,
D. Drung, and Th. Schurig. Appl. Phys. Lett. 91, 262507 (2007).

[45] C.P. Slichter. Principles of magnetic resonance, volume I. Springer-Verslag,
Berlin, (1978).

[46] F. Bloch. Phys. Rev. Lett. 70, 460 (1946).

[47] Ultra high Q capacitor, Surface Mount Chip Capacitors. Syfer Technology Lim-
ited.

[48] Tina-ti, special complimentary basic edition. Texas Instruments.
[49] A.M. Portis. Phys. Rev. 91, 1071 (1953).
[50] W.E. Keller. Helium-8 and Helium-4. Plenum press, New York, (1969).

[51] A. Finne, L. Gronberg, R. Blaauwgeers, V. B. Eltsov, G. Eska, M. Krusius, J. J.
Ruohio, R. Schanen, and I. Suni. Rev. Sci. Instrum. 72, 3682 (2001).

[52] J. Ruohio. Magneetti (Homemade), (1999).
[53] J.R. Olson. Cryogenics 33, 729 (1993).

[54] A. Gauzzi, J. Le Cochec, G. Lamura, B.J. Jonsson, V.A. Gasparov, F.R. Ladan,
B. Plagais, P.A. Probst, D. Pavuna, and J. Bok. Rev. Sci. Instrum. 47, 2147
(2000).

[55] J.C. Wheatley. Rev. Mod. Phys. 47, 415 (1975).

[56] D. Candela, N. Masuhara, D.S. Sherrill, and D.O. Edwards. J. Low Temp Phys.
63, 369 (1983).

[57] G.F. Spencer and G.G. Ihas. Phys. Rev. Lett. 48, 1118 (1982).

[58] O.T.Ikkala, G.E. Volovik, P.J. Hakonen, Y.M. Bunkov, S.T. Islander, and G.A.
Kharadze. Zh. Eksp. Teor. Fiz Pis’ma Red. 35, 228 (1982).

[59] D.D. Osheroff. Physica 90B + C, 20 (1977).

149



BIBLIOGRAPHY

[60] H. Smith, W.F. Brinkman, and S. Engelsberg. Phys. Rev. B 15, 199 (1977).
[61] Y. R. Lin-Liu and K Maki. Phys. Rev. B 18, 4724 (1978).

[62] P.J. Hakonen, O.T. Ikkala, S.T. Islanders, O.V. Lounasmaa, and G.E. Volovik.
J. Low Temp. Phys. 53, 425 (1983).

[63] K.W. Jacobsen and H. Smith. J. Low Temp. Phys. 52, 527 (1983).

[64] P.J. Hakonen, O.T. Ikkala, S.T. Islander, T.K. Markulla, P.M. Roubeau, K.M.
Saloheimo, D.I. Garibashvili, and J.S. Tsakadze. Cryogenics 23, 243 (1983).

[65] B.C. Crooker, B. Hebral, and J.D. Reppy. Physica B 108, 83 (1981).

[66] R.H. Salmelin, J.M. Kyynérainen, M.P. Berglund, and J.P. Pekola. J. Low
Temp. Phys. 76, 83 (1989).

[67] J.D. Close, R.J. Zieve, and R.E. Packard. Physica B 165 — 166, 57 (1990).

[68] H.E. Hall, J.R. Hook, S. Wang, A.J. Armstrong, and T.D. Bevan. Physica B
194 — 196, 41 (1994).

[69] M. Kubota, T. Obata, R. Ishiguro, M. Yamashita, T. Igarashi, E. Hayata,
O. Ishikawa, Y. Sasaki, N. Mikhin, M. Fukuda, V. Kovacik, and T. Mizusaki.
Physica B 329 — 333, 1577 (2003).

[70] P.J. Hakonen, M. Krusius, M. M. Salomaa, R. H. Salmelin, J. T. Simola, A. D.
Gongadze, G. E. Vachnadze, and G. A. Kharadze. J. Low Temp. Phys. 76, 225
(1989).

[71] A.J. Leggett. Prog. Theor. Phys. 51, 1275 (1974).
[72] C.M. Varma and N.R. Werthamer. Phys. Rev. 9, 1465 (1974).

[73] H.M. Bozler, M.E. Bernier, W.J. Gully, R.C. Richardson, and D.M. Lee. Phys.
Rev. Lett. 32, 875 (1974).

[74] D.D. Osheroff, S. Engelsberg, W.F. Brinkman, and L.R. Corruccini. Phys. Reuv.
Lett. 34, 190 (1975).

[75] D.M. Lee and R.C. Richardson. In the physics of liquid an solid Helium, volume
ITI. Wiley Interscience, New York, Chapter 4 (1978).

[76] P.G. deGennes. Phys. Lett. A 44, 271 (1973).

[77] G.F. Spencer and G.G. Thas. J. Low Temp. Phys. 77, 61 (1989).
[78] P.J. Hakonen and G.E. Volovik. J. Phys. C'15, L1277 (1982).
[79] K. Maki and M. Nakahara. Phys. Rev. B 27, 4181 (1983).

150



BIBLIOGRAPHY

[80] L.J. Buchholtz. Phys. Rev. B 18, 1107 (1978).
[81] S. Theodorakis and A.L Fetter. J. Low Temp. Phys. 52, 559 (1983).
[82] Y.R. Lin-Liu and K. Maki. Phys. Rev. B 18, 4724 (1978).

[83] D.D. Osheroff, W. van Roosbroeck, H. Smith, and W.F. Brinkman. Phys. Rev.
Lett. 38, 134 (1977).

[84] M.R. Freeman. Ph.D. thesis, Cornell University, (1988).

[85] T. Fujita, M. Nakahara, T. Ohmi, and T. Tsuneto. Prog. Theor. Phys. 64, 396
(1980).

[86] Y.H. Li and T.L. Ho. Phys. Rev. B 38, 2362 (1988).

[87] A.L. Fetter and S. Ullah. J. Low Temp. Phys. 70, 515 (1988).

[88] Y. Nagato and K. Nagai. Physica B 284, 269 (2000).

[89] V. Ambegaokar, P.G. deGennes, and D. Rainer. Phys. Rev. A 9, 2676 (1974).

[90] K. Kawasaki, T. Yoshida, M. Tarui, H. Nakagawa, H. Yano, O. Ishikawa, and
T. Hata. Phys. Rev. Lett. 93, 105301 (2004).

[91] R.G. Bennett, L.V. Levitin, A. Casey, B. Cowan, J. Parpia, and J. Saunders.
J. Low Temp Phys. 158, 163 (2010).

[92] A.L. Fetter. Phys. Rev. B 20, 303 (1979).

[93] G. Barton and M.A. Moore. J. Low Temp. Phys. 21, 489 (1975).

[94] F. Fishman and I.A. Privorotskii. J. Low Temp. Phys. 25, 225 (1976).

[95] P. Muzikar. J. Phys. (Paris) Collog. 39, C6-53 (1978).

[96] V. Kotsubo, K.D. Hahn, and J.M. Parpia. Phys. Rev. Lett. 58, 804 (1987).

[97] A. Yamaguchi, T. Hayakawa, H. Nema, and H.Ishimoto. J. Phys.: Conf. Ser.
150, 032123 (2009).

[98] P. Russell. Science 299, 358 (2003).

[99] R.J. Tonucci, B.L. Justus, A.J. Campillo, and C.E. Ford. Science 258, 783
(1992).

[100] P. Russell. Optoelectronics Group, Department of Physics, University of Bath.

[101] Crystal Fibre A/S, Blokken 84, DK-3460 Birkergd, Denmark,
http://www.crystal-fibre.com.

151



BIBLIOGRAPHY

[102] J.A. Greenwood and J.B.P. Williamson. Proc. R. Soc. London, A: Math. Phys.
295, 300 (1966).

[103] J.A. Greenwood. Proc. R. Soc. London, A: Math. Phys. 393, 133 (1984).

[104] D.J. Whitehouse and J.F. Archard. Proc. R. Soc. London, A: Math. Phys. 316,
97 (1970).

[105] D.J. Whitehouse and M.J. Philip. Philos. Trans. R. Soc. London, A: Math.
Phys. 290, 267 (1978).

[106] D.J. Whitehouse and M.J. Philip. Philos. Trans. R. Soc. London, A: Math.
Phys. 305, 441 (1982).

[107] M.S. Longuet-Higgins. Proc. R. Soc. London, A: Math. Phys. 250, 157 (1957).
[108] P.R. Nayak. Wear 26, 305 (1973).
[109] B. Bhushan. Principles and Applications of Tribology. Wiley, New York, (1999).

[110] R. Schmolke, R. Deters, P. Thieme, P. Pech, H. Schwenk, and G. Diakourakis.
Mater. Sci. Semicond. Process. 5, 413 (2003).

[111] G. Fishman and D. Calecki. Phys. Rev. Lett. 62, 1302 (1989).

[112] M. Rasigni and G. Rasigni. Phys. Rev. B 19, 1915 (1979).

[113] M. Rasigni, G. Rasigni, and J.P. Palmari. Phys. Rev. B 23, 527 (1981).
[114] V.N. Koinkar and B. Bhushan. J. Appl. Phys. 81, 2472 (1997).

[115] http://www.nanosensors.com/SSS-NCHR.htm.

[116] J.W.M. Frenken, T.H. Qosterkamp, and M.J. Rost. Interface Physics Group,
Kamerlingh Onnes Laboratory, Leiden University.

[117] J.A. Ogilvy and J.R. Foster. Phys. D: Appl. Phys. 22, 1243 (1989).

[118] P. Meakin. Fractals, scaling and growth far from equilibrium. Cambridge Uni-
versity Press, Cambridge, U.K., in press, (1997).

[119] N.D. Mermin and V. Ambegaokar. Proceedings of the 24th Nobel Symposium.
Academic, New York, 97 (1973).

[120] A. Kopf and H.R. Brand. J. Low Temp. Phys. 109, 183 (1997).
[121] R. Bruinsma and K. Maki. J. Low Temp. Phys. 37, 607 (1979).
[122] S. Takagi. J. Low Temp. Phys. 18, 309 (1975).
[123] T. Takagi. Prog. Theor. Phys, 78, 562 (1987).

152



BIBLIOGRAPHY

[124] A. Casey, H. Patel, M. Siquiera, C.P. Lusher, J. Nyéki, B. Cowan, and J. Saun-
ders. Physica B 284, 224 (2000).

[125] A. Schuhl, S. Maegawa, M.W. Meisel, and M. Chapellier. Phys. Rev. B 36,
6811 (1987).

[126] J. Hook and J. Kaplinsky. Physica B 284, 309 (2000).

[127] H. Alles, J.J. Kaplinsky, P.S. Wootton, J.D. Reppy, J.H. Naish, and J.R. Hook.
Phys. Rev. Lett. 83, 1367 (1972).

[128] W.R. Abel, A.C. Anderson, and J.C. Wheatley. Phys. Rev. Lett. 17, 74 (1966).

[129] M.R. Freeman and R.C. Richardson. Phys. Rev. B 41, 11011 (1990).

[130] J. Hara and K. Nagai. J. Low Temp. Phys 72, 407 (1988).

[131] J. Elbs, Y.M. Bunkov, E. Collin, and H. Godfrin. Phys. Rev. Lett. 100, 215304
(2008).

[132] B.I. Barker, L. Polukhina, J.F. Poco, L.W. Hrubesh, and D.D. Osheroff. J. Low
Temp. Phys. 113, 635 (1998).

[133] J. Bueno, R. Blaauwgeers, R. Partapsing, I. Taminiau, and R. Jochemsen. Rev.
Sci. Instrum. 77, 086103 (2006).

[134] G.A. Prodi. private communication, (2006).

[135] Spring type d22000,ss: Amatec-spec. 2400 BA Alphen a/d Rijn, the Nether-
lands, http://www.amatec.nl.

[136] NdFeB sintered ceramic magnets, Bakker Magnetics Sciencepark Eindhoven
5502 5692 EL Son, The Netherlands, http://www.bakkermagnetics.com.

[137] Supercon superconductors. 830 Boston Turnpike Road, US:
http://www.supercon-wire.com.

[138] I.A.J. Taminiau. A normally-closed solenoid-actuated cryogenic valve. Master’s
thesis, Leiden University, (2008).

[139] Torlon 42031 product data: Solvay advanced polymers. L.L.C.
4500 McGinnes Ferry  Road, Alpharetta, Georgia  30005-3914,
http://www.solvayadvancedpolymers-us.com.

[140] Compression springs - spring design and specifications: Ace wire spring and
form co. Inc., Pennsylvania, US, http://www.acewirespring.com/compression-
specifications.html.

[141] A.B. Thornton-Trump. Machine Design, Course notes. Ch.9 (unpublished),
http://www.mimicmedia.com/lab217 /downloads.htm.

153



BIBLIOGRAPHY

[142] W.P. Halperin. Helium-3 Calculator, Java applet by T. Haard,
http://spindry.phys.northwestern.edu/he3.htm.

[143] D.S. Greywall. Phys. Rev. B 31, 2675 (1985).
[144] D.S. Greywall. Phys. Rev. B 33, 7520 (1986).
[145] W.P. Halperin and E. Varoquax. Helium Three. Elsevier, (1990).

[146] H. Ramm, P. Pedroni, J.R. Thompson, and H. Meyer. J. Low Temp. Phys. 2,
539 (1970).

[147] B. Miihlschlegel. Z. Phys. 155, 313 (1959).

[148] A.I. Ahonen, M. Krusius, and M.A. Paalanen. J. Low Temp. Phys. 25, 421
(1976).

[149] A.I. Ahonen, T.A. Alvesalo, M.T. Haikala, M. Krusius, and M.A. Paalanen.
Phys. Lett 51A, 279 (1975).

154



