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   Oxy2_001 6 rolls
   Oxy2_002 6 rolls
   Oxy3_001 7 rolls
   Oxy3_002 7 rolls
 *Oxy5_001 7 rolls
   Oxy5_002A 7 rolls
  *Oxy5_002B 7 rolls
  *Oxy5_003 7 rolls
 **Oxy7_001 9 rolls
 **Oxy7_002 9 rolls
 **Oxy7_003 9 rolls

All other data frequency: 1 kHz voltage: 15 V (Max)
  *Note: Frequecy: 14 kHz Voltage: 3 V
**Note: Frequecy: 20 kHz Voltage: 0.75 V
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- Temp initial = ~ 13 mK.
- Sweep rate = 0.05 T / min.
- ²~3 mK from 0-14 T

ABSTRACT:ABSTRACT: Using a jelly roll capacitive thermometer1 we measured the cell-effect of a capacitive copper dilatometer in a 3He-4He Dilution refrigerator. The jelly roll used, Oxy 5, has a 
capacitive minimum around 140 mK, and is calibrated with a 9 coefficient Chebyshev polynomial. Oxy 5 is useful when the measurements of interest are above or below 140 mK. We plan to 
build a thermometer such that the minimum is below the base temperature, ~13 mK of the dilution refrigerator. In fields greater than 4 T the dilatometer was found to have that noise grows with 
increasing field. We are still trying to determine the source of this noise. The data collected from Oxy 5 and similar jelly roll thermometers will also be used to calibrate a RuO resistive 
thermometer in high fields at low temperatures.

Measuring Cell-Effect of Copper Dilatometer in 3He-4He Dilution 
Refrigerator

Amanda LounsburyAmanda Lounsbury
Occidental CollegeOccidental College

II. Construction of a Jelly Roll Capacitive Thermometer:II. Construction of a Jelly Roll Capacitive Thermometer:

-cut sheets of Cu and kapton to 
appropriate size

- solder Cu tabs onto the Cu 
sheets

- sandwich each Cu sheet 
between a kapton sheet 
applying Stycast 1266 epoxy 
between each layer

- wrap the Cu, kapton 
sandwich around a thick 
Teflon tube

- secure with Teflon 
tape 

- cure in oven ~80°C for 
2 hours

- remove Teflon tape

- trim excess kapton

- solder coaxial cable to 
appropriate tabs

IV. Calibrating Jelly Roll Capacitive Thermometer Oxy 5:IV. Calibrating Jelly Roll Capacitive Thermometer Oxy 5:
f (x) = cos n arccos x( )( )( )

V. Cell Effect in a V. Cell Effect in a 33HeHe--44He Dilution Refrigerator:He Dilution Refrigerator:

VI. Conclusion:VI. Conclusion:

I. Introduction:I. Introduction:
Dilution Refrigerator

P: Pump circulating 3He gas T ~ 300 K

C: 4He pot absorbs heat from condensing 3He 
T = 1.5 K

E: Heat exchanger absorbs heat from 
returning 3He 10 mK < T < 850 mK

M: Mixing chamber, where dilution cooling 
occurs (location of dilatometer). T ~10 mK

S: Still, where 3He is evaporated. T ~850 mK

3He rich 
phase

3He dilute 
phase

[2]
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III. Characterizing the Jelly Roll Capacitive Thermometers:III. Characterizing the Jelly Roll Capacitive Thermometers:

658.60

658.59

658.58

658.57

658.56

658.55

Je
lly

 R
ol

l  
R

el
at

iv
e 

C
ap

ac
ita

nc
e 

(p
F)

0.280.240.200.160.120.080.04

Temperature (K)

 Frequency: 14 kHz Max Voltage: 3 V
   Frequency: 1 kHz Max Voltage: 15 V
  Frequency: 14 kHz Max Voltage: 3 V
  Frequency: 14 kHz Max Voltage: 3 V

*Note: Titanium 
Dilatometer Shown

Capacitive minimum as it corresponds to number of ground 
plane layers. For a given frequency the capacitive minimum is 
lower in temperature with a greater number of layers.

Capacitance vs. temperature of several jelly roll thermometers 
in zero magnetic field. We would like the  capacitive minimum 
of the jelly rolls to be below base temperature, ~13 mK or 
above the temperature of interest ~100 mK. No jelly rolls had 
minimums below base temperature. The minimum seems  
dependent on the number of ground plane layers as well as on 
frequency of the capacitance bridge.

Oxy 5 was found to have the highest minimum, ~140 mK at 14 
kHz. This graph shows four trials of Oxy 5 at different two 
different frequencies in zero magnetic field. It appears that the 
capacitive minimum is higher in temperature at higher  
frequencies on the capacitance bridge.

Temperature vs. field, initially at base temperature ~13 mK 
sweeping field 0 - 14 T Oxy 5 changes ~3 mK. Unlike the RuO 
resistive thermometer Oxy 5 has limited magnetic field 
dependence. The noise at low field is due to flux pops in  
magnet.

-simple parallel plate capacitor

-measures linear changes in materials due to thermal 
expansion and magnetostriction of a sample

C =
εA
D
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Oxy 5Oxy 5

Unless specified Frequency: 1kHz Voltage: 15V 

Oxy 3 Oxy 3

Oxy 2Oxy 2

Oxy 7

Oxy 4

A 9 term Chebyshev polynomial was used to calibrate Oxy 5 in 
zero magnetic field. Before the Chebyshev polynomial could be 
used the capacitance of Oxy 5 was linearly scaled. The scaled 
data is shown above with the Chebyshev fit and the residual fit.

The Chebyshev calibrated Oxy5 temperature as a function of 
the RuO resistive thermometer temperature has a slope ~1. 
This shows the accuracy of the fit is better at low temperatures 
than at high temperatures.

Change in capacitance  of the dilatometer in a temperature 
sweep at zero magnetic field without a sample (cell effect). It is 
important to know what the cell effect is, so it can be subtracted 
out of the final data in order to determine whether effects are 
features of the dilatometer or of the sample.

Cell effect of dilatometer  from 0 - 16 T and from16 - 0 T at 
base temperature, ~ 13 mK. The hysteresis of the dilatometer 
is due to eddy current heating in the dilatometer.

Coaxial cable Heater

Oxy5 Jelly Roll 
Capacitive 
Thermometer

Dilatometer

Dental Floss

Kapton

Inner Capacitor 
Plate

Ground Plane

Outer Capacitor 
Plate

Jelly Roll Capacitive Thermometer

-used to measure low temperatures in high fields

-RuO resistive thermometer is offset  in high fields 
due to magnetoresistance

We were able to determine that a copper-kapton, jelly roll capacitor can be used as a reliable 
thermometer at low temperatures and high fields. Using the Oxy 5 jelly roll capacitive  
thermometer, calibrated with a 9 coefficient Chebyshev polynomial, we determined the cell 
effect of a simple copper capacitive dilatometer in fields up to 14 T. At fields above 14 T the 
dilatometer displayed a large amount of noise which seemed to increase with increasing field. 
We are still researching the source of the noise. We plan to use the jelly roll data to calibrate 
the RuO resistive thermometers at low temperatures in high fields, as well as to build a jelly 
roll such that the minimum is below the base temperature of the 3He-4He dilution refrigerator.
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