
Introduction to thermal and transport techniques

High Pressure Transport Methods

Piston cylinder type high pressure cells for resistivity measurements.

Cu-Be pressure cell for low T transport and 
magnetization studies (MST-10 LANL)

“Russian alloy” hybrid pressure cell at ISSP 
University of Tokyo, Japan
J. Phys. Cond. Matter 14, 11291 (2002)

Matter at extreme conditions – particularly developed in Europe, Japan. See for example
http://www.issp.u-tokyo.ac.jp/labs/extreme/index-e.html
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Sample Preparation for High Pressure Resistivity

Sample environment for simultaneous resistivity, 
ac susceptibility in piston cylinder pressure cell 

As a pressure  transmitting medium, Flourinert-75 is used.

Pressure is applied at room T.

Black 1266 stycast is used to seal
wires in the feed through

In the usual arrangement inside of Cu-Be pressure cell hosts one sample with 4 pairs of leads for four probe resistivity
measurement and a piece of superconducting metal (Pb, Sn) which is used as a manometer (since dTC/dP is known). The TC
of manometer is measaured by winding pick up coil for ac susceptibility measurement, and applying excitation ac field 
outside the pressure cell. 

However, it is also possible to measure simultaneously resistivity and ac susceptibility of a sample in the pressure cell. 

Two pick up coils inside a teflon cup of the  pressure cell
are mounted: one for sample and one for manometer.
manometer is cut in the same shape as  the sample

Between the voltage contacts pick up coil is placed. 
Manometer has twofold purpose, pressure determination, 
a caliper of the superconducting volume fraction of the 
sample.

Three pairs of wires for current, voltage and Sn pick up coil
are Glued  at the bottom of the plastic platform and the
contacts are moved up to the upper part  of platform through
previously prepared platform holes. The fourth pair of wires
for the sample pick up coil is placed on the top of the sample
and fixed with a small quantity of the glue. 
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Quantum Oscillations in High Magnetic Fields 1

Movement of conduction electrons in B is quantized (Landau): eBcB mpnpn 2/)2/1(),( 2++= ωε h

ωc=eB/me=2πeB/(∂S/∂ε)pB
pB=Component P↑↑B

Magnetic field confines electrons to orbits of radius rB=p/eB in the plane ┴ B.
Circumsference of this orbit is n·wavelength → discrete set of energy levels – in reciprocal space
states are on coaxial tubes with crossection area perpendicular to B:  

eBnpnS Bn hπ2)2/1(),( +=
At T=0 e- fill up states up to εF. With the increase of B, number of states on the largest Landau 
tube which is still inside the FS decreases and = 0 when tube touches extreme crosssection of the 
Fermi surface Sextr. As B increases Landau tubes cross Sextr with period: 
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→ periodic variation in the F, ρ(ε), oscillations in M, σ, β, Cp, …From period of oscillations we can
determine Sextr.. Most frequently used are dHvA for M~(∂F/∂B)T and SdH σ (since σ~ρ(εF)~
(mcB/Sextr)2.(∂M/∂B))

D. Schoenberg: Magnetic oscillations in 
Metals, Cambridge University Press (1984)
See also Chem. Rev. 104, 5737 (2004)

Oscillatory part of M along B is given by Lifshitz-Kosevich formula:
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Damping factors due to T, scattring (D) 
and Zeeman splitting (S)

Sum of all harmonics, in practice r=1 is enough

For crosssection area S minimum and maximum
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Quantum Oscillations in High Magnetic Fields 2

Take 1st harmonic, assume Smax-Smin~0 and F=(Smax-Smin)/4πeħ, ΔF=ΔS/2πeħ we get Mosc:

K=const~14.7T/K, μ=mc/me

⎟
⎠
⎞

⎜
⎝
⎛ −

Δ
⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −

42
2cos

2
12sin2~ 1

πππ
B
F

B
FMM osc

→ By extracting fundamental frequencies F of oscillations we can estimate average crossection
area of the FS. We can also trace oscillations as a function of B orientation (think single crystals). 
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=→ T damping factor of amplitude RT - due to T smearing of Fermi function:

Sov. Physics JETP 2, 636 (1956)

We can get μ from the slope ln(Mr(t) or ln(ar(t) vs T → mass ratio can tell us about  
interactions (e- - e-, e- - ph,..)in the system when compared with bare band mass
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Dingle T → Once we know μ, we can 
get TD and relaxation time from the 
field dependence of the amplitude

→ Zeman splitting of Landau subbands Δε~gμBB. For free e- g=2 so Δε~ħωc and they contribute
in phase to oscillations. In real metal Δε≠ħωc so there is a phase shift due to contributions from
subbands with opposite spin and reduction of amplitude by RS(r)~cos(πrgμ/2) so we can get g
(renormalized by interactions)

For large arguments of the function, sinhx ~ exp(x)/2 →

→ Scattering damping factor of amplitude RD - due to broadening of Landau levels (clean crystals
with long mean free path are important):
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Quantum Oscillations in Laboratory Fields…
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…or in High Fields

Nature 447, 565 (2007)


	171.764 Experimental Techniques in Condensed Matter Physics�Course Information
	Introduction toTransport and Thermal Techniques
	Thermal and Transport Techniques
	Specific Heat in Thermodynamics
	Simplest Example: 1D Monoatomic Lattice
	Simple example: Diatomic chain in 1D
	General Case and Phonon Density of States
	Longitudinal and transverse modes
	Linear oscillator in quantum representation
	Einstein Model of Lattice Specific Heat
	Debye model of Lattice Specific Heat 1
	Debye model of Lattice Specific Heat 2
	Application of Debye Model
	Thermal Relaxation Calorimetry 1
	Thermal Relaxation Calorimetry: Single τ
	Thermal Relaxation Calorimetry: Double τ
	PPMS Heat Capacity Puck
	Quantum Design Two τ Method
	Data Fitting Procedure
	Schottky Anomaly Example
	Heavy fermion superconductor PrOs4Sb12
	Effective mass
	Heavy Fermions
	Phase Transitions
	First and Second Order Phase Transitions
	Specific Heat and Critical Region
	Specific Heat of Spin Waves 1
	Specific Heat of Spin Waves 2
	Specific Heat of BCS Superconductors
	Some Other Contributions to Specific Heat
	Thermal Expansion in Thermodynamics
	Thermal Expansion of Anharmonic Crystals
	Thermal Expansion by Capacitive Dilatometry 1
	Thermal Expansion by Capacitive Dilatometry 2
	Thermal Expansion by Capacitive Dilatometry 3
	Thermal Expansion by Diffraction
	Thermal Expansion in CeCoIn5
	Drude Model of Electronic Conduction 1
	Drude Model of Electronic Conduction 2
	Electrical Conductivity and Fermi-Dirac Statistics
	Resistance and Resistivity in Experiment
	Four Wire DC and AC Resistance Measurement
	AC resistance Measurement
	Van der Pauw Method for Resistivity
	Crystal Sample Preparation for Resistivity 1
	Crystal Sample Preparation for Resistivity 2 
	Residual Resistivity Ratio
	Control and Influence of Synthesis Parameters
	Control of Defect Scattering
	Hall Effect Measurement
	Hall Effect in Two Carrier Systems
	Anomalous Hall Effect in Magnetic Materials
	AC Transport option PPMS
	Hall Resistivity Sample Mounting in PPMS
	Effects of Local Moments
	Resistivity of Multiple Transitions
	Thermal Conductivity of Electrons
	Thermal Conductivity in Metals
	Thermal Conductivity of Phonons
	Thermal Conductivity of Phonons
	Thermal Conductivity of Phonons
	Thermal Conductivity Example
	Mean Free Path and Electron Scattering
	Thermal Transport Measurements: Steady vs. Pulse
	Thermal Transport Measurements in PPMS 1
	Thermal Transport Measurements in PPMS 2
	TTO 3
	Thermal Transport Measurement in PPMS 4
	TTO Calibration Files
	Thermoelectric Materials: FeSb2
	Thermoelectric Materials
	Thermoelectric Devices
	High Pressure Transport Methods
	Sample Preparation for High Pressure Resistivity
	Quantum Oscillations in High Magnetic Fields 1
	Quantum Oscillations in High Magnetic Fields 2
	Quantum Oscillations in Laboratory Fields…
	…or in High Fields
	New Materials Development in Condensed Matter and Materials Physics

