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I. Summary
The research funded by this grant is to measure the Q of several

materials at milli-Kelvin temperatures. Toward this, it was necessary to

_build a cryostat capable of holding a‘dilufion refrigerétor with a large

enough milli-Kelvin volume to contain the crystals. This cryostat has been

' bui]tvand tested. Its construction is described in Section II.

The materials under study will be magnetically levitated in order to

isolate them and increase the measured Q as much as possible. The levitation

coils have been built and also tested. The theory and design is discussed in’

Section III.

Preliminary Q measurements have been carried out on SOGi a]umiﬁum
alloy and on single crystal silicon. These were bothimeasuredAon-a~four-
point suspension with capacitor end plates as the transducer. The results

are summarized in Table I.

Material ! Temperature ‘ Q

Silicon 300K 6x10°
77K ax10’

Aluminum | 300K 4x10°
77K 6X10°
4.2 |5x10°
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-~ II., MILLI-KELVIN CRYOSTAT

The study of the propertieé of single crystal silicon and sapphire

by our group at the University of Maryland has indicated that temperatures -

below that of 1iquid helium is needed in order to more thoroughly under-
stand the mechanisms of accoustic loss in these cry§ta1s. Toward this we
have recently acquired a He3 - Hed dilution refrigeratos from the S.H.E.
Corporation. This dévice will allow us to rcach temperatufes of approxi-'
mately .02K. Because of the size of the crystals under study, however,

é fairly large volume would have to be cod1ed. This necessitated the
construction of a liquid helium cryostat of a size and configuration
unavailable commercially. This sectiondescribes the design and the testing
of this cryostat. Also the design of the experiment vacuum chamber and

adaptor for the dilution refrigerator insert is described.

Structure

A drawing of the stainless steel portion of the cryostat appears in

Figure 1. The dimensions shown allow a final .02 K volume of V358,

The outer wall of the cryostat is at room temperature and is 25"

‘diameter X 72" Tong X 3/16" thick. - Inside this is the 1iquid nitrogen

shield which is a shell formed by two co-axial cylinders of 22" and 13"
diameters X 68" long with fhicknesses of 1/16" and 1/8" respectively. This
1iquid nitrogen tank has a volume of 1082. Across the bottom.of this
tank is a 1/16" thick copper pléte for thermal shieiding. A1sq'fcr thermal
shielding is a 1/16" thick copper liner welded to the inside of the tank
and extending 48" from the top. The entire liquid nitrogen tank is sus-
pended from three stainiess steel pipes 1/4" I.D. X 3/32" wail thickness.

Two of these pipes end just inside the tank and are used as vents for the

¢
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1iquid nitrogen. The third pipe extends to the bottom of the tank and is
used for filling. On the top of the cryostat is a flange 20" 0.D. and
17.5" 1.0, |

Thermal censiderations Ieéd to the use of aAfiberg1ass neck tube for the
{nner container where the liquid helium wou]d‘be. A drawing of this vessel
appears invFigure 2. It is 16" 1.D.- X 68" long. The bottom of the vessel is
an aluminum can 32" long X 1/8" thickness with a 3/8" fiat bottom plate.
This 1s epoxied to a G-10 fibergiass tube which is 36" long X 3/16" thickness.
The top of_the fiberglass tube is epoxied to an aluminum flange 20" diameter
which mates to the top flange of the rest of the éryostat with an o-ring
gasket made of Parker O-ring compound B612-70 as shown in Figure 3. The
entire cryostat is shown in Figure 4. | |

To the bottom of the liquid nitrogen tank wes thermally attached a
container holding ~3 1bs. of Type 5A Liﬁde ho]ecular sieve material. This
was to ébsorb any residual nitrogen left in the vacuum space after pumping.
A graph of tle absorbance of Typé SA is shown in Figure 5. To the bottom of
the Tiquid helium container was attached ~1.5 lbs. of carcoal, again in order
to absorb any residual gas. Figufe 6 shows the modified dilution refrigerator
insert. The walls of the stainless steel vacuum can are 1,16" thick and those
of éhe copper .8K thermal shield are .005" thick. The available experimental
space inside the thermal shield is an upright cylinder 16" tall X 13" diameter.

This represents a volume of 35z.
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I1I. MAGNETIC LEVITATION

In order to isolate the crystals under investigation as much as possib]é
they will be magnetically levitated. The crystals will be coated with
niobium and suspended in a magnetic "cradle" created by superconducting coils.

The levitating cojls have been desiéned and built as shown in Fig. 1.
The bottom oval coil provides the 1ift and side-to-side stability. The end
coils, of which only one is shown,’provide.the end-to-end stability and at
thé same time may be used as an inductive transducer. The end coils will
be dfscussed in more detail later.

‘The principle of magnetic levitatioﬁ is simp]e."A superconducting
surface excludes all magnetic fields. This condition leads to solving an
image problem as shown in Fig. 2. The real and the image coils repel each

other since their currents are in opposite directions. This gives rise to a

fbrée between the real coil and the supefconducting surface. Th&s fofce,may

be.estimated‘by using the expression for magnetic pressure P = BZ/Zuo.
If we consider a bar 7 inches long by 2 inches diameter, the required field

strength for magnetic levitation for the materials of interest is shown in

Table I.
Material p<%m§\ B (gauss) I (amp)
cm /
Silicon 2.33 | 500 15
Sapphire 4.00 650 20
Nicbium 8.58 1000 30

Table I. Required magnetic field and current

for various crystals.
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As can be seen, the magnetic_fie]ds required are all we]]‘below.the first
critical field of niobium (1600 gauss at 4 K). The London equation may,
therefore, be used to find the peasetration depthlof the magnetic field.
The London equation states that the magnetic field varies exponentially with
distance intoAthe superconductor with characteristic lengtﬁ AL called the
-London penetration depth. #or niobium, AT 390 A. Therefore, a coating
of Tum thickness would be adequate. This thicknesé of niobium will be
sputter deposited or the silicorn and sapphire cfysta]s.

" The current required to'levitate the crystal can be calculated using .
- the equation B = “oI n, where n is the turn density of the coil. This equétion
is-valid in the region Where the distance between the coii and the super
conductor is small comparcd té the characteristic dimensions of the coil. .
The results of these calculations are shown in the last column of Table I.
The niobium bar has been levitated. Tﬁé current that was required for
levitation was 30 « 1 amp. This agrees very well with the above estimates.

The end coil circuitry is shown schematically in Fig. 3. A persistent
current is storel in the circuit by turning on the heater shown, ther«by
turning that portion of superconducting wire normal. The current is applied
as shown and the heater turned off. A supercurrent is now stored through tte
primary of the signal transformer ahd the parallel combination of the end-
coils. If we let the.end coil inductance§ equal each other and call this
inductance LO and call the orimary of the transformer L3, we can solve for
the e]eﬁtromagnetic energy in tﬂis circuit for a given end displacement.

The mode where the bar moves as a whole will pertain to the end-to-end

’
e .
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‘stability. The energy stored for this mode is given by,
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E= EO [} + T;;]. (1)

where Eo = LOIO2 (1 + Y)e ¥ = 2L3/Lo. e = &/d, Io is the current through each

end coil, 6 is‘the amplitude of displacement, and d is the distance between

the bar and the end coil. From this equation we may find the restoring force

for end-to-end displacements:

Fop = —2p— 6. | (2)

‘ fn order to keep the bar level, the_]evitation coils were suspended»from B

knffe edge support. Since the levitated bar is on essentially a frictionless
plane, the force tending to displace the bar from a centerad position is
given by,
. & ‘
Fgrav =mgsine*mgr, : : (3)
where h is the distance bétween'the knife edge and the center of mass of the

bar. As can be seen, for small angles, this acts iike a negative spring. .

By equating these two forces we can find the minimum current necessary for

stability,

1 = (mgd“/2 L h)2, (4)
Omin S 0 _

The above problem can be repeated looking at the fundamental resonance

mode of the bar. The electromagnetic energy in this case is given by,

oy 2
ety e o ()] | (%)

Th:: Yinear tcrin above represents a constant force pushing on both ends of

tire bar and the second order'twrm is the A.C. energy corresponding to the
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resonance., The portion of this A.C. energy stored in the priméry-of the -

transformer is given by,

- i 2 fan2
. E3 =213 1% (%) © (6)
The bar's mechanical energy is,

.Emech. = “. m w°262. S ) (7)

where w_ is the resonance frequency. The ratio of these two energies gives

the coupling constant, g:
2

B3 = 8Ly, |
BEp—— > — (8)
mech d™m ¥ {1+y) ‘ o

If the above expression for minimum current (Eq. 4) is put into the equation
for 8, the minimum-s may be found. Tﬁis number is important as it determines

the amount of coupling of energy out of the bar and éonsequential]y effects
the .

_ 2 R . ’ . Lo N

P e T
, h Wy {1+y) .

In the case of the nibbium bar which was levitated, this value is Bmin =

5 x 10719, 1f we assume a Q value for the superconducting electrical circuit

of 104, this gives an upper bound for tle measared Q of a levitated bar of

Q.- 1013,
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