
Results

For all temperatures, we found that with increasing magnetic field, we 

found the voltage parallel to the current to increase quadratically. This 

can be seen at different temperatures in the Figure 1. This is to be 

expected from Boltzmann kinetics. 

Simplified Kohler’s rule states that as an external magnetic field, H, is 

applied to a metal, the ratio of the change in resistivity, δρ, to the zero 

field resistivity, ρ0, has the functional form
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for some function F, which is independent of temperature. Therefore, 

when measuring resistivity at different temperatures, graphing 𝛿𝜌/𝜌0 vs 

𝐻/𝜌0 should collapse all the data into a temperature-independent plot. 

This plot is known as a Kohler plot. Seeing all the data collapse to a 

temperature-independent curve on a Kohler plot suggests that Kohler’s 

rule is obeyed.

The Kohler plot for the magnetoresistance measurements taken is shown 

to the right in Figure 2. Clearly, the data do not collapse to a single line; 

instead, the lines are of various slopes. At first glance this suggests that 

Kohler’s rule is not obeyed. However, one must take into account the 

residual resistivity, i.e. the resistivity at zero temperature, of the sample. 

Other cuprate superconductors such as LSCO and YBCO have been 

shown to exhibit a large residual resistivity, which is done by 

extrapolating the 𝜌(𝑇) curve to 0 K. A large residual resistivity can have 

a significant effect on the outcome of magnetoresistance measurements. 

Initially, with LSCO, Kohler’s rule was shown to be strongly violated in 

the psedogap regime [2]. However, recently the data analysis for LSCO 

was redone replacing 𝜌0 with (𝜌0 − 𝜌𝑟𝑒𝑠), thus using a modified 

Kohler’s rule which takes into account the residual resistivity. Using this 

substitution, LSCO was found to obey this modified Kohler’s rule in the 

pseudogap regime [2], suggesting that this property is universal among 

the cuprates, yet shielded from discovery by large residual resistivities.

Normally, Hg1201 samples are of very high quality and low disorder, 

and can have very low residual resistivity. However, it is possible for 

samples to have high quality and still have a large residual resistivity, 

which is demonstrated in the inset of Figure 3. Therefore, repeating the 

analysis using the modified Kohler’s rule, we find that this HgUD87 

sample obeys the modified Kohler’s rule, from the pseudogap regime 

extending the strange metal regime. 

Introduction

The cuprate superconductors are very 

unconventional materials. It is therefore 

noteworthy when they display fairly 

conventional properties.  For example, it 

was recently found that for the mercury-

based cuprate superconductor, Hg1201, 

Kohler’s rule is obeyed in the underdoped

pseudogap regime [2]. Kohler’s rule is 

typically obeyed by conventional metals, 

with Fermi-liquid characterisitcs, such as a 

reconstructed Fermi surface and a single, 

temperature-dependent scattering rate. 

However, for the normal-state of the 

Hg1201, where the resistivity is linear in 

temperature (near optimal doping), Kohler’s 

rule was found to be violated in magnetic 

fields of up to 9 T [1]. Here we investivate if 

Kohler’s rule to test if it is truly violated in 

the strange metal regime by using magnetic 

fields up to 31 T. 

Methods & Materials

A sample with a Tc of 87 K, underdoped, 

was prepared through the annealing 

condition of 350 ⁰C, with oxygen flow. The 

sample was then cleaved and sputtered with 

gold in targeted areas. These areas were then 

contacted with silver paste and gold wires in 

order to measure voltage and current, with 

low contact resistance. 

Measurements were taken at the National 

High Magnetic Field Laboratory in 

Tallahassee, FL. Using a fixed current, we 

measured to see how the voltage across the 

sample changed as a function of the 

magnetic field, which was scanned from 0 to 

31 T.  The current was parallel to the ab 

plane, while the magnetic field was parallel 

to the c-axis. Measurements ranged from 

100 K to 300 K.

Conclusions

The fact that HgUD87 is obeys the modified 

Kohler’s rule in both the pseudogap and 

strange metal regime is highly suggestive, 

but not definitive. In order to further test the 

obeying of Kohler’s rule in the strange metal 

regime, an optimally doped (HgOP95) 

sample should be prepared, so Kohler’s rule 

can be tested in the strange metal regime at 

more temperatures. It is also imperative that 

a sample with low residual resistivity is 

prepared, in order to forgo the modified 

Kohler’s rule and definitively test to see if 

Kohler’s rule is obeyed in the strange metal 

regime.
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Figure 1, Top Right: Quadratic dependencies of MR voltages with respect to 

magnetic field at different temperatures.

Figure 2, Middle Right: Kohler plot of the magnetoresistance data. Note that the 

data do not quite collapse to a single curve.

Figure 3, Bottom Right: Modified Kohler plot of the data. Qualitatively, the data 

collapse much more nicely to a single line.  


