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Abstract:  

HTS flux pumps enable superconducting currents to be directly injected into a magnet coil without the 

requirement for thermally-inefficient current leads. Here, we present results from an experimental 

mechanically-rotating HTS flux pump employing a coated-conductor stator and operated at 77 K. We 

show the effect of varying the size of the flux gap between the rotor magnets and coated conductor 

stator from 1 mm to 7.5 mm. This leads to a corresponding change in the peak applied perpendicular 

magnetic field at the stator from approximately 350 mT to 50 mT. We observe that our experimental 

device ceases to maintain a measurable output at flux gaps above 7.5 mm, which we attribute to the 

presence of screening currents in the stator wire. 

 We show that our mechanically-rotating flux pump is well described by a simple circuit model 

which enables the output performance to be described using two simple parameters, the open-circuit 

voltage Voc and the internal resistance, Rd. Both of these parameters are found to be directly 

proportional to magnet-crossing frequency and decrease with increasing flux gap. We show that the 

trend in Rd can be understood by considering the dynamic resistance experienced at the stator due to 

the oscillating amplitude of the applied rotor field. We adopt a literature model for the dynamic 

resistance within our coated-conductor stator and show that this  gives good agreement with the 

experimentally measured internal resistance of our flux pump.  
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1.  Introduction 
Flux pump devices enable large electrical currents to be injected into a superconducting circuit without the 
requirement for normal-conducting current leads which bridge between the cryogenic environment and room 
temperature. The demonstration of an efficient HTS flux pump could therefore substantially reduce the 
system heat load incurred whilst energising high-Tc superconducting coils and magnets [1-5].  
 Previous reports have successfully demonstrated mechanically-rotating flux pumps which employ a 
coated-conductor HTS stator, and these devices have been used to inject large currents into HTS magnet 
coils [6-10]. Recently [10], we have shown that we can describe the operation of such devices using a simple 
electrical circuit model (Figure 1), in which the flux pump is considered to be a voltage source with an 
effective internal resistance, Rd. This internal resistance is due to Dynamic resistance, a well-known 
phenomenon [11-16] which occurs in a type-II superconductor carrying a DC transport current whilst 
simultaneously experiencing an alternating imposed magnetic field. The other key parameter to describe the 
operation of these devices is the open-circuit DC voltage, Voc, which is generated across the flux pump. This 
is a time-averaged value, as the inductance of the series-connected coil acts to integrate the emf pulse series 
developed as each rotor magnet passes the coated-conductor stator. (This occurs because the circuit in Figure 
1 has a time-constant that is much larger than the pulse frequency). Together, Rd and Voc, enable a full 
description of the electrical output of this class of flux pumps. During operation, a superconducting coil is 
connected to the flux pump via low resistance soldered contacts (Rc within figure 1). The superconducting 
coil can therefore be regarded as a separate circuit element obeying its own constitutive equation. This is 
conceptually different from the situation where a topologically-continuous superconducting bulk or film is 
magnetized by a time-dependent field [17, 18], as the latter case does not require a continuous DC voltage to 
maintain the circulating current. 
 In future applications of a mechanically-rotating flux pump, a preferred scenario would allow the rotor 
to be located at room temperature (i.e. outside the cryostat), whilst the coated-conductor stator is connected 
to an HTS coil that is located within the cryogenic environment. In such cases, flux pumping would need to 
take place across a cryostat wall placed in the flux gap between the rotor and the coated-conductor stator. It 
is therefore important to understand how the operating output of the flux pump will vary as the flux gap of 
the device is changed. There have been no reports dealing with this issue. Here, we report on the operational 
performance of our mechanically-rotating flux pump as the flux gap between the rotor magnets and coated-
conductor stator is varied between 1 mm and 7.5 mm. These gap values correspond to a change in the peak 
applied perpendicular magnetic field from well above the effective AC penetration fields [19, 20] of the 
coated-conductor stator, down to magnetic fields which are of a similar magnitude. We describe the observed 
effect on the flux pump output in terms of the dependence of the open circuit voltage and dynamic resistance 
upon the size of the flux gap. 
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 Figure 1 shows a simple equivalent circuit model for our HTS flux pump which includes the internal 
resistance of the HTS stator due to dynamic resistance. The superconducting coil is modelled as a pure 
inductance. The governing equation for the flux pump circuit can be written [10] as,  
 
 
   (1) 
 
where the total resistance is given by R = Rc + Rd, with Rc denoting the contact resistance of soldered joints 
within the HTS circuit, and Rd denoting the dynamic resistance experienced at the flux pump stator. L is the 
coil inductance, Voc is the open-circuit voltage. We can solve for the current, I, as a function of time, t, to 
obtain 
 
 
   (2) 
 
 
and the voltage across the coil is given as 
 
 
   (3) 
 
where Isc = Voc/ R is the short-circuit current, which is the maximum current that can possibly be delivered by 

the flux pump. The time constant of the circuit shown in Figure 1,, is equal to L/R. For our system, Rc ≈ 1 

, which is much less than Rd of our device under the operating conditions studied in this work. Hence we 
can take R ≈ Rd, and we see that the contact resistance of soldered joints within our circuit plays no role in 
determining the limiting current delivered by the HTS flux pump. Instead, the available output voltage from 

the flux pump is dropped entirely across the coil such that V  Vcoil. Note that if the available output current 
of the flux pump exceeds the critical current of the superconductor coil, then the approximation of the coil as 
a pure inductance no longer holds, and equation (3) is not valid – as the coil voltage must follow the I–V 
relationship of the superconductor coil.  
 In designing an HTS flux pump to energise a given coil, we therefore need to be able to calculate 
estimates of Voc and Rd. The output voltage of a superconducting flux pump is often expressed as  

V = f  , where   is the total voltage-generating flux passing through the HTS stator wire per magnet-
crossing cycle, and f is the frequency of magnet-crossing [1]. In our previous work, we have shown that the 
equation of Oomen et al [13], can be adopted to describe the dynamic resistance within the HTS flux pump 
stator, and this is given in equation (4).  
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   (4) 
 
 
where 2a is the width of the conductor and leff is the effective interaction length of the AC magnetic field 
with the conductor. Ic0 and B0 are parameters from the Kim model [21] for critical current,   
                  and Ba is the amplitude of the time-varying magnetic field. This equation is applicable 
when the amplitude of magnetic field is larger than twice the threshold magnetic field, Bth [13]. Bth describes 
the minimum applied field at which the sum of transport and screening currents satisfy the condition |J|= Jc at 
all points within the superconductor. The maximum value of Bth occurs when the DC transport current is 
zero, at which point it is equal to the penetration field, Bp. In this paper we show that this approach provides 
reasonable approximations for the dynamic resistance of our flux pump across the entire range of operating 
flux gaps and frequencies. Both Voc and the effective internal resistance Rd, are expected to be proportional to 
frequency, and to decrease as the applied peak magnetic field at the conductor declines. As the flux gap is 
increased, the relative changes in these two factors determines the current flowing through the coil (through 
equation 2). 
 
In this paper we present experimental measurements of Rd and Voc from our prototype mechanically-rotating 
flux pump. The physics underlying dynamic resistance is well described [11-16] by conventional AC loss 
theory. However, at present, the physics underlying the origin of the DC open-circuit voltage in these devices 
is not so well understood, and there is no equivalent literature.  
 
   

 
Figure 1. Circuit diagram of a superconducting circuit consisted of a HTS coil and a HTS flux pump 
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2.  Experimental set-up 
The experimental set-up of the mechanically rotating coated-conductor flux pump built and studied in this 
work is shown in Figure 2. In this experimental device, the rotor is composed of two wheels of permanent 
magnets moving across a coated conductor. Each wheel has an outer diameter of 70 mm, and twelve NdFeB 
N38 magnets are equally distributed around the circumference. Each magnet has a diameter of 10 mm and a 
height of 10 mm. The coated-conductor stator is 12 mm-wide stabilizer-free SuperPower wire (SF12100) 
with a self-field Ic of 313 A. The flux gap between the surface of the magnets and superconducting layer, g 
shown in figure 2(b), varies between 1.0 – 7.5 mm, which was adjusted in situ using a simple worm drive. 
During device operation, the rotor and all superconducting components were held at 77 K through immersion 
in a liquid nitrogen bath.    
 The coated-conductor stator is connected to a double pancake coil wound with AMSC coated 
conductor via soldered joints to form a closed circuit [6, 10]. The length of the 4 mm-wide AMSC conductor 
is 40 m, and its self-field Ic is 88 A. The inner and outer diameters of the coil are 50 mm and 90 mm, 
respectively, and the total number of turns is 163. Its inductance, L, is measured to be 2.4 mH at 77 K. The 
measured coil Ic (determined at 1 µV/cm criterion) is measured to be 55 A. The coil current is calculated 
from calibrated measurements of the axial magnetic field in the centre of the coil, which was measured using 
a fixed cryogenic hall sensor (Arepoc HHP-NA). The contact resistance in the circuit was obtained from the 
decay time constant of the coil after the flux pump was de-energised. The total contact resistance between the 
coil and the coated conductor was found to be Rc= 0.88 µΩ. 
 We have found that it is necessary for the Ic of the flux pump stator to be substantially larger than the Ic 
of the series-connected coil, in order to achieve operating currents which are a significant fraction of the coil 
Ic. This is due to the limiting effect of the internal resistance of the flux pump, which can be seen from 
equation 4 where Rd becomes large if Ic0 is small.  
 An Omron R7M-A20030-S1 servo motor is used to power the rotor wheels, which are connected via a 
thermally-insulating rotating shaft. The rotation speed is adjustable in the range of 0  3000 rpm. We used 
this to obtain experimental operating frequencies from 48 Hz to 600 Hz. Frequency is defined as the passing 
frequency of the rotor magnets across the coated conductor stator, i.e. 240 rpm of the motor is equivalent to 
48 Hz (240/60×12), because each wheel has 12 magnets. Two voltage taps are attached at the centre of the 
surface of the coated conductor (the surface of the substrate side). The distance between the voltage taps is 
50 mm (see figure 2(b)). Another two voltage taps also are attached on the ends of the coated-conductor coil. 
There was little difference in the measured voltage values using the two sets of the voltage taps. In this work, 
the voltage taps attached on the conductor surface are used. Voltage measurements were acquired using a 
sample integration time of 0.2 s, which is substantially longer than the cycle period of the rotor magnets at all 
frequencies studied. 
 



6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 2. (a) Experimental set-up of the flux pump, (b) side view of the HTS coil, coated conductor stator, 
and rotor consisting of two wheels of magnets 
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3.  Experimental results 
Figure 3 shows a comparison of the injected coil currents obtained when operating the flux pump at 600 Hz 
using various flux gaps. The current obtained at each flux gap is plotted as a function of time. We observe 

that for t >> the coil current saturates at a value, Isat, which is determined by resistive losses in the circuit 
due to the I – V relationship of the coil. Isat is similar to the critical current of the coil at small flux gaps, and 
decreases with increasing flux gap. At the largest gap, g = 7.5 mm, a coil current of 7.5 A had been injected 
after 1 hour, at which point the experiment was terminated. We did not observe measurable current injection 
at flux gaps larger than 7.5 mm.  
 Figure 4 shows the corresponding output voltages measured across the flux pump during the same 
series of experiments. The output voltage at each flux gap exhibits the expected exponential decay described 
by equation (3), with the added factor that at long times and smaller gaps (1-3 mm), the voltages saturate at a 

value which is again defined by the I – V curve of the coil. The time constant,  = L/R, can be obtained from 

the initial gradient of each line in figure 4 and we see that  >>1/f in all cases. We observe that  increases as 
the flux gap increases, which is a result of the reduction in Rd as the peak applied field at the stator decreases. 
Similarly, the voltage at zero time V (t = 0) = Voc, decreases with increasing flux gap, again reflecting the 
reduced applied flux which passes through the stator as the distance between the stator and rotor magnets is 
increased. Voc changes very rapidly with distance at smaller gaps, and the absolute value is susceptible to 
small errors in length measurement in this regime.  
 
 
 
 



8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3. Comparison of coil currents at 600 Hz for various flux gaps 
 
 
 

 
Figure 4. Comparison of output voltages from the flux pump (which are equal to voltages across the coil) at 
600 Hz for various flux gaps 
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Figure 5. Comparison of V – I relationships at 600 Hz for various flux gaps 
 
 Figure 5 shows the same experimental data as given in figures 3 and 4, but now plotted in terms of the 
output current, I, versus the output voltage, V, of the flux pump operating at each flux gap. A straight line 
relationship between output current and voltage is observed, which clearly demonstrates that the internal 

resistance of the flux pump stator is independent of current in each case (as Rd =  dV/dI following the sign 
convention used in this plot). Experimental values for the open-circuit voltage, Voc and short-circuit current, 
Isc can also be extracted from this plot as these values are given by the intercepts of each line on the V and I 
axes respectively. Similar plots can be produced for each operating frequency, and in this manner we have 
obtained experimental values for Voc, Rd and Isc at operating frequencies between 48 Hz and 600 Hz at each 
flux gap studied. These values are shown in figure 6, where they are linearly normalised against operating 
frequency. 
 At each flux gap, we see that the frequency-normalised values closely agree across all operating 
frequencies measured. This confirms that Voc and Rd are linearly proportional to frequency across the entire 
operating range of our device, as predicted from equation 4 and observed in our previous work [10]. The 
observed values of Voc and Rd both decrease as the flux gap increases, which is a direct result of the decrease 
in the applied magnetic field as the rotor magnet moves further away from the HTS stator. Results obtained 
at 600 Hz show that Voc/f approaches zero for g ≥ 7.5 mm, and as a result no current can be pumped at flux 
gaps larger than this value, regardless of whether higher operating frequencies could be employed. Figure 
6(c) also shows that the maximum output current of the flux pump, Isc, decreases with increasing flux gap 
across the full range of gap distances studied, which reflects the fact that Voc decreases faster than Rd as the 
gap increases.  
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Figure 6. Experimental values plotted against flux gap, g, for: (a) open-circuit voltage, Voc (normalised by 
magnet-crossing frequency, f); (b) internal resistance of the flux pump stator, Rd, (normalised by magnet-
crossing frequency, f); and (c) short-circuit current, Isc. 

4.  Estimation of fields and modelling dynamic resistance 
To gain further insight into the changes in Voc, Rd and Isc we need to understand the amplitude and profile of 
the applied magnetic fields experienced at the coated-conductor stator during the operating cycle of the flux 
pump. The relative size and spacing of the permanent magnets used in our flux pump design mean that, 
different parts of the conductor experience different magnetic fields as the rotor magnets move across the 
coated conductor stator. Figure 7 shows the calculated applied perpendicular magnetic field profiles across 
the coated conductor for different g values along the centre-line of the magnet in two conditions: (i) when a 
rotor magnet is directly aligned with the centre of the HTS stator (see figure 7(a)); and (ii) when the centre of 
the gap between two adjacent rotor magnets is directly aligned with the centre of the HTS stator (see figure 
7(b)). These profiles were obtained by finite-element calculation using Opera [22] software. Figure 7(a) 
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shows the maximum applied perpendicular magnetic field experienced at the stator, and figure 7(b) shows 
the minimum applied perpendicular magnetic field.  
 

 
Figure 7. Magnetic field profiles across the coated conductor, (a) the magnets are on top of the conductor, (b) 
the magnets move away from the conductor  
 
 Using these calculated values, we are now able to consider the trend in open circuit voltage and short 
circuit current as a function of the peak applied perpendicular magnetic field at the stator (e.g. Bperp (x = 0) 
from figure 7(a)). Figure 8(a) shows that the frequency-normalised open circuit voltage increases 
approximately linearly with peak applied field for fields above a minimum threshold field of ≈ 50 mT. The 
flux pump is not observed to operate when the applied peak field drops below this threshold value, and we 
interpret this value to represent the effective penetration field at which flux is able to fully pass through the 
coated-conductor stator. A simplified schematic of this situation is shown in figure 9, which shows the 
perpendicular magnetic field profile across an HTS conductor as the applied field, Bperp, is cycled between 0 
and >2Bp. When Bperp = 0 the HTS wire retains a remnant field with a maximum value of Bp at its centre line. 
The field at the centre of the wire remains constant until the applied field exceeds 2Bp. Hence for applied 
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fields less than 2Bp, flux-lines at the centre of the stator strip are frozen, and flux cannot traverse the wire. 
This implies that for a cycle with an amplitude of <2Bp, any flux which is expelled from the superconductor 
must exit the wire across the same boundary as it entered. In this case, it follows that the time-averaged 
output voltage across the stator therefore equates to zero. However, once the applied field exceeds 2Bp, then 
flux is able to flow across the centre-line of the coated-conductor. Dipole interactions with the travelling 
rotor magnets leads to flux being “dragged” through the coated-conductor wire, entering at one edge and 
exiting at the opposite edge. We surmise that it is this action which gives rise to the observed DC output 
voltage from our device. The penetration field, Bp can be determined from the maxima of the magnetic ac 
loss for an HTS wire [20]. For the coated-conductor HTS wire used in this experiment, this ac loss is known 
[23-26] to closely follow the strip expression of Brandt and Indenbom [19], and is shown in figure A1 
(Appendix). We find that the ac loss maxima occurs at ~ 25 mT, indicating that 2Bp ~ 50 mT, which is 
consistent with our observations.  
 The schematic shown in figure 9 considers a homogeneous field applied to a superconducting slab. 
This is a substantial simplification of the situation experienced within our flux pump, where the rotor 
magnets actually impose an inhomogeneous applied field gradient across the stator strip. Nonetheless, the 
requirement remains that in order for flux to traverse the coated-conductor wire, the peak applied field must 
be more than twice the maximum remnant field present at the centre of the wire [27]. Once this condition is 
satisfied, a time-averaged DC output voltage is developed by the flux pump, and this voltage drives a 
transport current through the series-connected coil according to equations 1 and 2. 
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Figure 8. Plots versus the peak perpendicular magnetic field applied at the stator showing (a) open-circuit 
voltage normalised to operating frequency, Voc/f; and (b) short-circuit current, Isc. 
 

 
Figure 9. Schematic illustration of the perpendicular magnetic field profile across an HTS conductor as the 
applied perpendicular field, Bperp is cycled from zero to > 2Bp. Note that for Bperp ≤ 2Bp, the field at x = 0 is 
unchanged. 
 
 Figure 8(b) shows that the short-circuit current also approaches zero when Bpeak ≈ 50 mT, which is 
unsurprising as the impedance of the circuit can only be overcome if there is an output voltage present across 
the flux pump. We see that the short-circuit current drops steadily as the flux gap increases, indicating that Rd 

drops more slowly than Voc with decreasing Bpeak. This is consistent with equation 4 and the trend shown in 
figure 8(a) as Rd > 0 at Bpeak = 2Bp, and Rd retains a non-zero positive value at all amplitudes of applied field 
which are greater than zero. We emphasise that the oscillation amplitude of the applied field, Ba, which is 
used in equation 4 is not the same as the absolute magnitude of the field. We can define the oscillation 
amplitude of the applied magnetic field, Ba in terms of the maximum and minimum fields averaged across 

the full width of the stator. This is expressed in the following manner: 𝐵a = Δ𝐵/2 = (𝐵max−𝐵min)/2 

where 𝐵̅ is calculated from figure 7(a) or (b) respectively through 
 
  
   (5) 
 
where 2a is the width of the stator, such that a = 6 mm in the case considered here.  
 Using this definition of Ba, we can now plot our experimentally measured values for Rd/f against Ba, as 
shown in figure 10. In this figure we also show calculated values for Rd given by equation (4), where we 
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have used values of Ic0 = 313 A, and B0 = 75 mT, which have been obtained from independent measurements 
of the stator wire (Appendix: Figure A2). We take the effective magnetic length, leff, to be twice the average 
diameter of rotor magnet (as our device includes two rotor wheels), and we obtain this from the area average 

over the full width of the stator wire such that leff / 2=r2/2a.   
 
 

 
Figure 10. Experimental Rd values plotted against the average oscillation amplitude of the applied 
perpendicular magnetic field, Ba. Also shown are calculated values determined from equation (4).  
  
 For values which correspond to gaps < 7mm, we see very good agreement between the calculated and 
experimentally measured values for Rd. As observed in figure 8, at flux gaps of > 7 mm the flux pump is 
operating at the limit of its capabilities, such that Bpeak ≈ 50 mT ≈ 2Bp which is equal to the value of 2Bth 

when the transport current is zero [13]. As such, the assumed conditions for equation (4) cease to be valid 
and as a result our model overestimates the value of Rd in this regime. However, the efficacy of flux pumping 
in this very low-field regime is extremely weak, and practical future devices will be required to operate in the 
higher-field regime. At these higher applied magnetic field amplitudes our model shows good agreement 
with experiment, and hence has practical utility for the design and optimisation of future coated-conductor 
flux pumps. 
 

6.  Conclusion 
In this work we have described an experimental mechanically-rotating HTS flux pump and demonstrated its 
use to energise an HTS coil, through the injection of current of up to 58 A. We have shown that this flux 
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pump can be described by a simple circuit model in which the internal resistance and open-circuit voltage are 
directly proportional to frequency across the entire operating range. We have also shown that the flux pump 
output exhibits a strong dependence upon the flux gap between the rotor magnets and the coated-conductor 
stator which is due to the reduction in Voc as the flux gap increases. This reduction is a result of the changes 
in the magnitude and profile of the applied magnetic field experienced at the stator. The flux pump presented 
here is capable of injecting current into our test coil at flux gaps of up to 7.5 mm. At flux gaps above 7.5mm 
the device does not develop an output voltage, regardless of the operating frequency. This corresponds to a 
threshold value for the peak applied perpendicular magnetic field of ~50 mT ≈ 2Bp. We attribute this effect to 
the presence of shielding currents within the stator, such that Bpeak must exceed 2Bp in order for flux to 
traverse the full width of the coated-conductor stator.  
 Using our experimental results we have then validated our previously proposed model, which 
describes the observed internal resistance of the pump in terms of the dynamic resistance of the stator in the 
presence of the oscillating rotor field. We have shown that this model provides good agreement with the 
experimentally measured values for the internal resistance of the flux pump across the entire operating range 
of our device. We observe that the maximum possible output current which can be delivered by our flux 
pump, Isc, drops steadily with increasing flux gap across the entire operating range of our device. This is a 
result of the fact that the internal resistance, Rd drops more slowly with decreasing flux gap than does Voc. 
This can be understood in terms of the fact that dynamic resistance is non-zero and positive for all values of 
an applied oscillating magnet field which are greater than zero, whilst the flux pump only generates a DC 
voltage when the peak field is greater than the threshold value 2Bp ≈ 50 mT.  
 Our results provide new insights into the operating principle of mechanically-rotating HTS flux 
pumps, but the underlying physical origin of Voc in these devices still remains a subject of ongoing study. It is 
clear that the motion of penetrating flux in the high-field region directly beneath the rotor magnet induces an 
instantaneous voltage within the HTS stator wire, and that the magnitude of this voltage is proportional to the 
rate at which this occurs (i. e. the rotor frequency). However, the geometry of the device is topologically 
identical to an AC generator [28], so the origin of the observed DC voltage cannot be explained by simple 
application of Faraday’s law of induction [29]. Our observations suggest that shielding currents play an 
important role - particularly at large flux gaps. Detailed finite-element modelling of this effect will be 
required to confirm this, but such work lies beyond the scope of this paper. 
 In justifying our simple electrical circuit model we have noted that the presence of normal-conducting 
soldered joints between the flux pump and coil allow these components to be considered as separate circuit 
elements. An interesting question is to consider - what would happen if we had a truly persistent 
superconducting joint between the flux pump and the coil? In fact, we expect that during flux pump 
operation the observed current within the circuit (and output voltage across the flux pump) would only alter 
minimally, as the internal resistance of the flux pump is already much larger than the joint resistances in the 
circuit studied (i. e. Rd >> Rc). However once the flux pump is turned off (such that the rotor is stationary), 
then current decay within the circuit would be drastically reduced by a superconducting joint and the coil 
could be operated in a persistent mode.  
 Finally, we note that a key motivation for this work was to explore the possibility of locating the flux 
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pump rotor outside the cryogenic envelope. However, a flux gap of < 7 mm presents some challenges for the 
accommodation of a mechanically-sound, thermally-insulating cryostat wall which could enable this to 
occur. We anticipate new designs of HTS flux pumps which can operate across larger flux gaps by 
incorporating magnetic circuits to concentrate and focus the applied magnetic field.   
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Appendix 
 
 
 

 
Figure A1. Plot of calculated AC magnetization loss [19],  = QBI/Ba

2 (denoted with BI), used to define the 

penetration field, Bp in our coated-conductor HTS Superpower stator wire [20]. The maxima of  occurs at 
an applied field equal to Bp, which in this case is found to be approximately 25 mT. 
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Figure A2. Plot showing the dependence of the critical current at 77 K, Ic, upon the applied perpendicular 
magnetic field for a coated-conductor HTS Superpower wire similar to the stator wire in our Flux pump. Ic 

was measured at the 1 V/cm criterion on a 4 mm-wide sample of wire (note that the Flux pump stator wire 

is 12 mm wide). The fitting curve shows a fit to the measured data for the Kim equation  0ac0c /1/ BBII  . 

From this fit we obtain a value of B0=75 mT. 
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