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I. INTRODUCTION

The measurements described here were carried out in connection

with research on the surface resistance in superconducting rf-

resonators. Although a few measurements exist in the GHz-range

covering the losses caused by frozen-in field1»2»s, in the 100-

MHz region there are only a few measurements and then only at

small rf-field intensities 5»6»7. Since for application in

accelerators, the resonators are operated at high field strength,

it is of practical interest to know the losses due to frozen-in

fields at large rf-field strengths as well.

Because of the relatively complex form of helix resonators,

thermally-induced currents may arise during cooldown." In addition,

an external magnetic field (e.g. earth's field) may be frozen-in

during the transition to superconductivity, leading to increased

losses. The losses due to frozen-in field can be a--non-negligible

part of the so-called residual resistance of a s.c. - resonator,

for which other mechanisms are still unclear. In order to identify

losses due to frozen-in field in the helix resonator, the correspond-

ing surface resistance RjjJ^itematically investigated as a function

of temperature T, the rf field H_, and the frequency f. In addition

complementary measurements by P. Kneisel and 0. Stoltz* were

carried out on S-band resonators. :

II. MEASUREMENT APPARATUS AND PROCEDURES

Measurements were made on two different helix resonators (Fig. 1) of

pure Nb. The measuring apparatus is described in Ref. 9. For the

first helix resonator (Helix I), the helix was wound of 6.3 x

0.75 mm Nb tubing and welded to the Nb outer tank. The lower cover

of the outer tank was (as shown in Fig. 1) not
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flanged but welded on. Before assembly, the resonator was chemi-

cally polished and then anodized (&400 £).

The second helix resonator (Helix II) had a helix of 8.0 x

1.0 mm Nb tubing, welded into the same outer tank. The lower cover

of the outer tank was flanged. Before measurement the resonator

was electropolished and anodized 0*400 R).

Table I shows some data on both helix resonators gathered

together. The following abbreviations have been used: f •

resonant frequency, G * geometric factor, H * maximum magnetic

field on the surface, P - power loss, Q - quality factor of the

resonator, 2a * helix diameter, n » number of turns, s - pitch,

Af » static frequency shift.

Table I:

Helix I: 2a • 6.4cm; s - 1.0cm; n • 13

f/HHz

G/fl

Hp[GauB]

PcQ|Watt3

AftkHJU

80

4,2

0,069

3.«0»

139,5

«.9

0,063

195,2

5,4

0,08

2.OK1O5

251

5,7

0,08

2,3*1O5

305

6,0

0,08

2,3*1O5
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Helix I I : 2a - 6 .oca;

f/KHs

C/ft

HD[OattB]

{PcQ[WattJl1/2

PcQ[Watt]

aruciisj

91.*

M

0,069

s • 1,18cm; n •

160,7

5,5

0,076

5,9»1O5

»«.9

5.9

0,078

11

288,8

6,3

0,08

4,6»1OS

J5?,3

7,3

0,08

111,6

«.»

0,0>

As is evident in Table I, Measurements were aade between 80 and

305 MHz and between 91 A and 413.6 Mill, respectively. The geo-

metry factor G was determined through measurement of the re-

sonator - Q at rooa temperature. The aaxinua field intensity H
it p

on the helix surface was calculated both with the ring aodel as

well as with a aodel using conforaal mapping." Because of the

liaited validity of both models, the errors in H increase mark-

edly for the higher rf-modes. In addition to the calculations,

for Helix I frequency perturbation measurements9 ware also aade. The

relation between the stored reactive power PCQ and the static

frequency shift Af was determined experiaentally.

The resonator was placed in a cryostat, in which the earth's

field was attenuated to <S ft Gauss with a cylinder of Cryopera.

With two coils mounted inside the Cryopera - cylinder, an external

steady magnetic field (Hdc) can be created at the position of

the resonator. A solenoid coil produced a field parallel to the

resonator - axis (Hdc ) , while a deformed Helaholtz arrangement

formed a perpendicular field (H d c A). The homogeneity of H d c over



-4-

the resonator voluae was *5t. The perpendicular field, however

had a parallel coaponent of *15t of the perpendicular component

in the resonator voluae * The external aagnetic field H d c was

iapressed above the Nb critical teaperature (TcN^ * 9*25 K). For

Helix I external fields of both directions were used, up to

6 Gauss, for Helix II, up to 3 Gauss. In the transition to the

superconducting state, the field was frozen by the incoaplete

Neissner effect. In cooling a cylinder in a parallel aagnetic

field, the cylinder outer surface first becoaes superconducting,

due to the saall deaagnetization factor. Inside the cylinder,

the field is coapressed toward the axis, and can only escape

with very pure saaples (no pinning). Keasureaents by Y.A. Rocher

and J. Septfonds12 on Nb-cylindcrs show that only with very pure

saaples (residual resistance ratio RKR * 1000) is the flux

alaost completely displaced. For saaples with RRR • 1SS to 120v
301 to 601 of the flux is captured. Two Hall probes that we

placed in the center of the lower cover and in the aiddle of the

cylindrical part of the outer tank showed that the parallel

field Hj c in the neighborhood of the resonator axis suddenly rose
H

(about a factor of 2) at the transition to superconducting, while
the perpendicular field H ^ ^ didn't show any sudden change. H^c

is coapressed toward the axis, while H d c A is not noticeably dis-

placed in the freezing*in.

All aeasureaents with iaposed external field Hgc included a

null aeasureaent with H d c • 0. During a aeasureawnt sequence,

the resonator was warmed no wove than *50*K. In all cases, the

null aeasureaents at the beginning and end of such a aeasureaent

sequence agvred well. The Q-value was Measured by deteraining
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the decay tine T of the stored energy W, Q • »•T. At high rf-field

intensities, Q was also detemined froa the power loss Pc and

the static frequency shift Af * W, Q * Af/Pc (see Table I).

The added losses caused by the frozen-in flux is described by

the added surface resistivity K^:

For detemining Ry, the total geoaetry factor G (Table I) was

used, incorrectly. Because of the inhoaogeneous distribution

of the frozen flux over the surface, a partial geoaetric factor

G should be used, one which is dependent on the direction of the

superiaposed external field. Only for siaple resonators, and for

certain assuaptions concerning the distribution of the frozen-in

flux, can the partial geoaetric factor be calculated. However,

in the evaluation of Rj| froa (1), only the frequency dependence

and the absolute value of Rj| are in error by G_/G - g(f). The

dependence on teaperature and the rf-field intensity and also

the relative frequency dependence are independent of the geoaetry

factor G which is used.

III. MEASUREMENT RESULTS

In agreeaent with other aeasureaents1"7*11 we have observed

that for superiaposed external fields (Hdc <_ 6 Gauss), the added

surface resistivity Rg is approxiaately proportional to H d c.
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For Helix II the measured values scatter about an average value

by ^20%, which cannot be explained by measurement error. The

cause may be due to different flux-freezing-in at each measure-

ment.

In the following we first describe measurements with small

rf-field intensities (H <_ 5 Gauss), and subsequently measure-

ments are.reported concerning the dependence on the rf-field

intensity.

a) Small RF-Field Intensity, BL < 5 Gauss:

For small rf-field intensities, the added surface resistivity RH

is independent of H . In this range, the temperature dependence

of RJJ between T - 4.2 K (« t- T/Tc» 0.455) and T - 1.4 K (£ t « 0.151)

was measured for various rf-modes. In Fig. 2a, b, Rj, is plotted
2 -1

against [1-(T/TC) ] . Over the measured temperature range,

R|{(T) may be approximated as a straightline function in the chosen

representation (Fig. 2a). For Helix II, above roughly T*3K, the

increase of RH with increasing T becomes somewhat weaker (Fig. 2b).

As the graphical representation of RJJ(T) shows, Ru(T) may itself

be represented as the sum of two terms ^(T) - Rj,(O) + IL. (T/T ) 2 /

(1-T/TC)
2). This representation is equivalent to the following,

which is chosen to simplify comparisons to other measurements.

R-CT.f) « RM(O,f) 1 9 flHUCf) («-»2[
TI « i-(T/Ta)

z L T Tc J

>
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In this, Hc(0) * 1980 Gauss » critical thermodynasdc field at

T = 0, Rjy. = 0.26»10"3 •/f/MHz(8) « normal conducting surface

resistivity with normal skin effect, y(f) « Y'(1OfMHz)°t

and rT(f) are fitted parameters.

y(f) is modified through the use of the total geometry

factor G in (1.) rather than the true partial geometric factor

G • rT(f) is a relative quantity and hence independeht of the

geometry factor used. In a helix, r (£) is thus also independent

of the direction of the imposed external field, as is evident from

Fig. 3a, b. From Fig. 3a, b it is further evident that rT(f) is

somewhat different for the two helices. The measured values of

rT(f) and y(f) are presented in Table II.

Table II;

Helix I Helix II

Y

a

rT

e

Hde,

190

1.35

10

0,1

Hdd

230

0,7

10

o,*

"dc.

150

1,3

13

0,7

Hdc.i

110

0,7

13

0,7

To get an impression of the magnitude of the additional surface

resistivity Ry for the helix resonator, RjjCT.jf) is put in a some-

what clearer form (Fig. 4a, b ) .

Helix I:

"8)RH(T-O, Hdc,f) * 0.7 (10"
8)Hdc/Gauss •

O, Hdc,f) « 0.6 (10"
8)Hdc/Gauss • (f/100MHz)l'2

(4a)

dc
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Helix II:

RH(T = O,Hdc,f) - 0.9(10"
8)Hdc/Gauss • (f/lOOMHz)1*8 [ft] (4c)

RH(T - O,Hdc,f) « 1.2(10"
8)Hdc/Gauss • (f/lOOMHz)1'2 [ft] (4d)

In Fig. 4 a, b the measured values of Rjj(f) are shown for an im-

posed external field of H d c » 1 Gauss. The measurement points

are averages of several measurements with external fields
Hdc - 6 Ga«ss. At 4.2 K, Rjj(T.,f) increases less rapidly with

increasing frequency than at 1.5 K. In Eq. (3) both of the

terms are considered through the differing f-dependency,

b) RJJ as a Function of the RF - Field Intensity H

For small rf-field intensity (H < 5 Gauss ), RH is independent

of H . With increasing rf-field intensity, we observe a mono-

tonic increase in R^, e.g., for T * 1.4 K and f = 91.4 MHz, for

H • 500 Gauss, Rj, is about 8 times larger than for H <5 Gauss.

For lower frequencies and lower temperatures, the relative in-

crease is greater than at higher frequencies and temperatures.

In Fig. 5 is a representation of the added surface resistivity

RH(H ). as a function of H with T and H d c as parameters. Fig.

6a, b shows the total surface resistivity R with frozen-in

field H, and the corresponding null-measurement (Hdc
 a 0) for

f » 91.4 MHz. Corresponding to Eq. (1), Rfl is the difference

between both curves. The curve of RJJ(H ) may be analytically ex-

pressed as the sum of two terms somewhat as in the following form:

RH(Hp,T,f) * RR(O,T>f)[l+rH<Ttf>{g-fgy)*] (5)
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with 6 - 1 for H <_ 100 Gauss for Helix II

and H^ < IS Gauss for Helix I
P -

0.5 < 6 < 1 for H > 100 Gauss (Helix II) or H > IS Gauss
- P e (Helix I)

1^(0,1,f) is the H d c - proportional added surface resistivity for

small rf-field intensity (Eq. 3). rR(T,f) is shown in Fig. 7.

rH is somewhat independent of the direction of the imposed external

field. It is, however, somewhat different in both resonators.

For higher frequencies rH(T,f) decreases, rH(T,f) * 1/f
1"2. The

decrease of rH (T,f) with increasing frequency means that the

relative increase of ^(KL) at higher frequencies becomes less.

In addition, rH(T,f) is about 2 to 3 times smaller at 4.2 K

than at 1.4K. The curve of RJJ(H ) differs in the two measured

helix resonators respecting the increase with H_. For the exponents

6 in Eq. 5, we have, for rf-field intensities H up to ^500 Gauss

in the fundamental modes of both resonators, evaluated the

following values:

Helix I Helix II

T

1,1 K
4,2 K

fo = 80 MHz

6

0,7 - 0,85
1

fo * 91,4 MH«

6

0,6 - 0,9
0,5
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The agreement of both resonators at 1.4 K is quite good, at

4.2 K, however, the deviation in the curve of RJJCH ) is con-

siderable. For Helix II, f^CHU was also measured at 288 MHz

up to high field intensities. As in the case of 91.4 MHz,

6 « 0*6 '- 0.85 at 1.4 K. For higher external fields Hdc, at the

most 5 decreases slowly.

IV. DISCUSSION

We first give results of measurements on Nb-resonators in the

GHz - range* and on helix resonators out of pure tin8 in the

100 MHz - range. P. Kneisel and 0. Stoltz* studied the influence

of frozen-in magnetic flux on resonators of pure Nb for the

2 to 5 GHz range, in the temperature - range of t • T/Tc • 0.455

to t* 0.15. The observed added surface resistivity Ru was

found to be, as in the case of lead1'2, well fitted by

& ^ £ t6o>

with Y -!• Within the bounds of the measuring accuracy, it

was observed as in Ref. 3 that there was no change in RH with

increasing rf-field intensity. J.M. Victor and W. H. Hartwig5

reported on measurements on tin (T_ - 3.72 K; H_(0) * 306 Gauss)
c c

between 60 and 350 MHz.
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The measurements were made at small rf-field intensities O l Gauss),

with temperature range from t • 0.5 to t » 0.89. In this temperature

range, the observed added surface resistivity RH was described by

» ,6b)

For reduced temperatures t < 0.5 the temperature dependence of

(6b) is practically the same as that of (6a). The frequency

dependence of RJJ was not accurately investigated in Ref. 5. From

the measured values one gets a y-value of about 15.

The results in the GHz-range, as well as the results for small

rf-field intensities in the 100 MHz-range for tin may be described

by a simple model.1>z

The core of a flux-tube is considered to be normally conducting.

The rf-current passes through these normal regions. The increased

losses from the frozen-in field are proportional to the normal erea.

Since the flux quantum |J doesn't change in value, the area A of a

flux tube must so change with temperature, that V H
c o r e '

A = fiQ re-

mains constant. With the assumption that Hc<jre(t) = Hc(t) •

H (O)'(l-t2), it follows that A * (1-t2)"1. For a frozen-in field
Hdc» the fraction of normal surface to the total surface is approxi-

mately given by Hdc/Hc. For the measurements on Pb, as well as

those on Nb in the GHz-range, it was observed that RuW" 5* 0* 6 7'
relative to the frequency dependency; it behaves like the normal

surface resistivity RNL which includes normal conduction and ano-

malous skin effect. The penetration depth of the rf-field in the

flux tube must then be given approximately by the skin depth 6 ,.

Only when the diameter of a flux tube is large relative to 6 ., can

the rf-field
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penetrate as far as the skin depth. Otherwise, the penetration

depth of the rf-field into the flux tube is determined by the

smaller superconducting penetration depth X (X = 500 A). To ex-

plain the observed frequency dependence of R,,, Ref. 1 assumed that

for lead (Type I superconductor), several flux quanta form a flux

tube with a diameter large relative to 5sv.

For Nb (Type II superconductor), having several flux quanta in

one flux tube is energetically unfavorable. Because of the

"unterschwingens11 of the magnetic field13, however, the flux tubes

in Nb attract and can form a flux tube cluster whose diameter is

large relative to the skin depth. Relative to the penetration of

the rf-field, a flux tube cluster behaves similar to a normal

region of the same size. According to this model, the normal flux

tube core would give a relation for the added surface resistivity R

like that given in (6a). Gilchrist and Monceau11* consider the

added surface resistivity in the mixed state (above Hc^) at higher

frequencies (to GHz) as flux-flow resistance of the oscillating

flux quanta. By neglecting pinning forces one can calculate, for

small rf-field intensity, the resistance as:

R -R - / g c V .R / gc
KH " KNL * H(6KpNL "NL * H(B;»HC2

For the flux-flow resistance p£ the relation given by Kim et al.1*

was used. If one considers that for small B, then H(B)«fH , and that

/H -*Hc2 ~ H c applies, one gets for RH the same relation (6a) as for

the model of normal cores. Measurements in the GHz-range for Pb and

Np are satisfactorily described by both models.

Our measurements on Nb in the 100-MHz range deviate therefrom,

and, indeed, both regarding the temperature and the field strength
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dependence. The strong T-dependence at small rf-field strengths

can possibly be related to the deep-lying state in the gap. In pure

materials (mean free path greater than the coherence length 5 ^ *

400 S ),the deep-lying states in the energy gap in a flux tube

are given by A2/Ep (A = Gapparameter; Ep - Fermienergy)*
6. For

Nb, this is about 30 MHz. For stationary flux tubes and at

frequencies comparable to the interval of the conditions in the

flux tube, the deviations in comparing to the model of quasinormal

cores or to the flux-flow model are not so very surprising. A

cause for the increase of added surface resistivity with rf-field

strength (Eq. 5, Fig. 5,6) can be connected to the notion of the

flux tube under the influence of the Lorentz-force.17'ia Among other

things, losses which are caused by pinning forces (hysteresis losses)

can lead to field-intensity-dependent surface resistivity.

At low frequencies (f < 10 kHz), the influence of frozen-in

flux (Hdc < 10 Gauss) on the A. C. losses of Nb-samples has been

studied12*19. For the surface resistivity, measured values could

be approximately represented as Rjj~f*HflC with a«0.5 - 1.5, where

f - frequency and H _ -amplitude of the A.C. field- Melville20 has

proposed a model in which frozen-in flux tubes perpendicular to

the surface undergo a bending motion under influence of the Lorentz

forces, KL = 1/c jac« *JO. The pinning force p(x), which opposes

any motion, gives rise to hysteresis losses. For the loss Pu v s t

per unit surface, Melville derives the following value:

. 2Hdc . «|c . f ^ R e|!Ja£. "S£. f (8a)
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IT, * lower critical magnetic field (H_, (T«O,Nb) • 1400 Gauss);

Ic • critical current density is a measure of the pinning be-

havior in the neighborhood of the surface and is therefore de-

pendent on the material properties. The hysteresis loss L per

period, L • PHyst/f» is independent of the frequency, as long

as the bending amplitude x Q of a flux tube in the A.C, field de-

pends only on the Lorentz force, i.e., the flux tube distribu-

tion comes into equilibrium instantaneously with the A.C. field.

For the higher frequencies, i.e.,

for higher flux tube velocities,

in addition to the pinning forces,

frictional forces15, Ky, • rj»x

(n • viscosity) appear. The motion

of a flux tube is qualitatively ex-

pressed by .

n«x • p.* = i/c j *
Bending motion of a flux tube
perpendicular to the surface
under influence of the Lorentz-
force - KL « | [JHFx*Q]

x is the bending excursion, p*x is the linearized pinning force,

j - J oe
i w t is the rf current (jQ * % p ) . A force which is con-

nected to the elastic tension in the bending of a flux tube and

the inertial force18 {»ii • X) were not considered. With the ex-

^iCwt+6) one gets f0Tt3ie amplitude xn:pression x xoe
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in which the pinning frequency1**ie u - P/n is that frequency

at which the viscous force equals the pinning force. For low

frequencies, u « w , x is independent of frequency, i.e., in

equilibrium with the A.C. field. For frequencies w > u> , xQ

decreases approximately inversely proportional to the frequency.

1/w is the relaxation time for the motion of flux tubes in the

neighborhood of the surface. The hysteresis loss L per period is
2

proportional to the area swept over (7 *0 • *z ~
 XZ)» proportional,

L ~ x* ~ 1/f2 for f » f .

For frequencies greater than the pinning frequency, the hysteresis

loss PjjySt • L*f *" 1/f should therefore be inversely proportional

to f.

For the surface resistivity, which is connected to the hysteresis

loss through the bending motion, one gets approximately:

f (8b)

cl Jc l+(f/fp)
2

R (f) - dC . V f
H Hcl Jc l+(f/fp)

2

For low frequencies (f « f ) Eq. (8a) and (8b) are identical.

Above f ~ f the hysteresis losses decrease with increasing frequency.

The field-intensity dependent term of RH (Eq. 5) has been

qualitatively described through pinning losses (Eq. 8b) relative

to both frequency dependence and field strength dependence.

Finally, we compare the measurement results at low frequencies1*'1'

with our measurements, on the basis of the model of pinning losses

through bending motion.

From the measurements of J. C. Male19 at f £ 400 Hz, T « 4.2 K,

one gets20 for the hysteresis loss per period: L * 2*10 Wsec/m

at H & c * 500 Gauss and H d c * 200 Gauss. From this, one gets by ex-

trapolation to H, = 1 Gauss and f = 1 kHz a surface resistivity
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RH(f - 1 kHz, H d c • 1 Gauss, HftC) • 10"
U-Hac/Hc(0) [OJ. The

measurements of Rocher and Septfonds12 at f $ 10 kHz and H d c < 10 Gauss

yields approximately a surface resistivity

- 1 kHz, Hdc - 1 Gauss, Hac) « l .6-10"1 0Ha c /H c(O) [81.

In order to compare these values with ours, we must know the

approximate partial geometric factors. From the following con-

siderations, the partial geometric factors for H d c^ and H d c A,

G and G , may be approximately determined. In the fundamental

mode, the maximum z-field of our helix approximately equals the

maximum r-field.

•v. «s. v j i | r r** i i j i
— QOOO OrO GO O Q

Field Distribution in A Helix. H , H r tis rf ptak
max rmax

magnetic fields on the surfaces.

'the parallel or perpendicular £roxen-i» steady field occur pri»

marily at places where either H r or H.-field is. Sine* the geo-

metric factor is inversely proportional to the surface integral

J H^df [with s-surface, ^-tangential field] over the effectiv»

rf-field, ome would expect that the partial geometric factor in

the fundamental mode would have a value of approximately W9
GP« ** GRi-* 2 6* since about half of tne total surface must bt
integrated over. For the higher nodes similar consideration* do
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not work, since H / H &ad therefore the regions

*msx "max
where the flux exits have very different weighting factors
(so integral is not simply an area). The partial geometry factors

in the higher rf-modes can nevertheless he evaluated if one assumes

that for snail rf-field intensities and low temperatures, R||(T<*09f)

is proportional to R ^ - #V*. Such a dependence is to he expected

fron the Model of normally conducting cores and the flux-flow model.

Fron RjjCT-OfO'Gp/C <v f1/2 one gtts (with Bq. 4a-d) for the

partial geometric factors:

Cp* " 2*«

The corrected value of the surface resistivity is determined by

multiplication by C./C. The corrected field*intensity-dependent

part R2(iL»f) of the surface resistivity (Iq. S) is written as

The value* of HgCf) *s « function of the freqaency f a m plotted

in Fig. t» The A*asurtmeat* are referred to H ^ * 1 Cet^«^ The

solid curve is calculftted frow Bq. Jb* The pinning

§pmt9 MHt U so chosen that the surface resistivity in the Ufs-

range (I^C^WIt) • l ^ l O ' ^ ^ / H ^ O J f O J ) * 1 as well as the 100

Kit-range are both fitted m mil as possible by the pinning

Kodtl« The pinning model *xpl*iu the characteristic forms of

the observed field-i*tensity-dependent terms in 9^. The pinning

frefueRcy of 10 NHs is relatively high. Cilchrist ami Monceau1*

report for Mb samples treated in various ways pinning frequencies

betffem iO4(ft and loSt* whereat disturbed samples (of small M R ,

M g h Ic) show higher pinning frefuencies.
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The added surface resistivity Kg caused by frozen-in aagnetic

flux in the 100-MHz regions show a coapiex behavior coapared to

that in the GHx-range. It is observed to have a stronger teapera-

ture-dependence, £q. (S\ and an increase ».~ RJJ with increasing rf-

field intensity, Bq. (5). The field intensity-dependent tern of

Rjj aay be caused by notion of the frozen-in flux tubes in the rf

field.

The increase of RJJ with increasing rf-field intensity requires

that when high rf-field intensities are used, better aagnetic

shielding be eaployed than is necessary for aeasureaents with low

rf-intensities. For a helix structure (f * 90 MHi operating in

an unshielded earth's field (wo.5 Gauss), the added surface re-

sistivity ItjjCT - 1.4 K, HL « 500 Gauss) * 2-3-10"8fl, the correspond-

ing quality factor (fa • G/Rg aaounts to about 2 (10 ) .
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Fig. 2 RH as a function of temperature in

various rf-modes

a) bei H«lix I wit !!dC(( « 6 Otuft

b) b«i HelixII nit llAc± « 1,5 O»uft

W



rT(f) as a function of frequency for H d c (o) und HdcJL(o)



Fig. 4 Ro(f) as a function of frequency f for snail rf-field-
intensities for T-K) and T - 4.2 K, referred to H d c - 1
Gauss, for parallel (o, •) and perpendicular (senkrechtes)
external field (A, A)
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Fig. 5 Rg (H ) as a function o£ maximum surface field intensity Hp for T = 1.4 K and
T « 4.2 K with various imposed external fields at 80 MHz for Helix I.



Fig . 6 R $ ( H p ) as a f u n c t i o n of t h e max imum s u r f a c e f i e l d

i n t e n s i t y H at T = 1.4 K and 4 . 2 K for H^ =
P QCt/

1.5 Gauss and H r f c = 0 Gauss for H e l i x I I .
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8 R2(f) referred to H . = I Gauss

100
-^ f [MHz]

1000


