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Today, we celebrate the outstanding career of Claude Berthier. I have had the good fortune to have spent 
several decades of contact, both personal and professional with him and many others in Grenoble. 

 
In this presentation, the main emphasis will be on instrumentation and related things that I have had the 

opportunity to participate in at the solid state NMR labs in Grenoble. 
 
Many of these activities are related to joint publications with Claude and his colleagues at the lab here. 

Below is a short list of publications associated with many of these instrumentation and related activities that 
describe some of the details of the research I have had the opportunity to pursue in Grenoble. This list is:  

 
1. P.J. Ségransan, W.G. Clark, Y. Chabre and G.C. Carter, The Knight Shift and Nuclear Spin Relaxation of 
Ni Metal in the Paramagnetic Phase, J. Phys. F. Metal Phys. 6, 1153 (1976).  
 
2. P.J. Ségransan, Y. Chabre, and W.G. Clark, Nuclear Spin Relaxation and the Knight Shift of 61Ni in the 
Paramagnetic Solid and Liquid Phases, J. Phys. F. Metal Phys. 8, 1513 (1978).  
 
3. W.G. Clark, L.C. Tippie, G. Frosatti, and H. Godfrin, The Use of Random Exchange Heisenberg 
Antiferromagnetic Chains for Very Low Temperature Thermometry and Cooling: Quinolinium (TCNQ)2, 
Journal de Physique 39, C6-1160 (1978). (LT-15 Grenoble). 
 
4. C. Berthier, Y. Berthier, P. Butaud, W.G. Clark, J.A. Gillet, M. Horvatic, P. Ségransan, and J.Y. Henry, 
NMR study of spin fluctuations in YBaCuO, Physica C 185-189, 1141-2 (1991). 



 
5. M. Horvatic, C. Berthier, Y. Berthier, P. Butaud, W.G. Clark, J.A. Gillet, P. Ségransan, and J.Y. Henry, 
17O nuclear spin-lattice relaxation in YBaCuO single crystals, Physica C 185-189, 1139-40 (1991). 
 
6. W.G. Clark, C. Berthier, Y. Berthier, P. Butaud, J.Y. Henry, M. Horvatic, and P. Ségransan, 17O and 63Cu 
NMR Study of Anisotropic Magnetic Fluctuations in a Single Crystal of YBa2Cu3O6+x: Comparison with 
Neutron Diffraction, J. Mag. Mag. Mater. 104-107, 589-590 (1992). 
 
7. C. Berthier, Y. Berthier, P. Butaud, W.G. Clark, J.A. Gillet, M. Horvatic, P. Ségransan, and J.Y. Henry, 
From underdoped to overdoped regime in YBaCuO; an NMR investigation of single crystals, Applied Magnetic 
Resonance 3, 449-68 (1992) 
 
8. C. Berthier, Y. Berthier, P. Butaud, W.G. Clark, J.A. Gillet, M. Horvatic, P. Ségransan, and J.Y. Henry, 
NMR study of spin fluctuations in YBaCuO, Proceedings of the International Workshop on Electronic 
Properties and Mechanisms of High T Superconductors, T. Oguchi, K. Kadowaki, and T. Sasaki, eds. (North-
Holland, Amsterdam, Netherlands, 1992), pp. 347-51. 
 
9. M. Horvatic, T. Auler, C. Berthier, Y. Berthier, P. Butaud, W.G. Clark, J.A. Gillet, P. Ségransan, and J.Y. 
Henry, NMR Investigation of Single-Crystal YBaCuO from the Underdoped to the Overdoped Regime, Phys. 
Rev. B 47, 3461-4 (1993).  
 
10. M. Horvatic, C. Berthier, Y. Berthier, P. Butaud, W.G. Clark, J.A. Gillet, and J.Y. Henry, Nuclear Spin-
Lattice Relaxation Rate of Planar Oxygen in YBaCuO and YBaSrCuO Single Crystals, Phys. Rev. B 48, 13848-
64 (1993).  
 
11. W.G. Clark, M.E. Hanson, F. Lefloch, and P. Ségransan, Magnetic resonance spectral reconstruction 
using frequency-shifted and summed Fourier transform processing,  Rev. Sci. Instr. 66, 2453-64 (1995). 
 



12. W.G. Clark, M.E. Hanson, S.E. Brown, B. Alavi, G. Kriza, P. Ségransan, and C. Berthier, NMR as a 
probe of incommensurate spin density waves in organic metals, Synth. Met. 86, 1941-7 (1997). 
 
13. P. Vonlanthen, K.B. Tanaka, A. Goto, W.G. Clark, P. Millet, J.Y. Henry, J.L. Gavilano, H.R. Ott, F. Mila, 
C. Berthier, M. Horvatic, Yo Tokunaga, P. Kuhns, A.P. Reyes, and W.G. Moulton, High Magnetic Field NMR 
Studies of LiVGe2O6: a quasi 1-D Spin S = 1 System, Phys. Rev. B 65, 214413 (2002).  
 

Before I discuss the instrumentation, I will list the main periods I have worked with the solid state NMR 
group here in Grenoble. 

 
In the academic year 1975-6, I had a sabbatical year from UCLA in which I was at the Physics Department 

at the University of Joseph Fourier. At that time, the solid state physics NMR group was directed by Pierre 
Averbuch. Much of my work was with Pierre Ségransan, who was then a graduate student. 

 
In 1978, I attended the 15th International Conference on Low Temperature Physics, LT-15. Note: the next 

one, LT-16, was at UCLA, and I was the editor of the proceedings (~2,000 pages!). 
 
In 1990, I had another sabbatical, mainly at the University, but also part of the time at the Grenoble High 

Magnetic Field Laboratory.  
 
Now the focus turns to some details of my instrumentation activities associated with the labs at Grenoble. 



ULTRA HIGH AND LOW TEMPERATURE MAGNETIC RESONANCE 
 

The high temperature magnetic resonance is covered in the reference: P.J. Ségransan, Y. Chabre, and W.G. 
Clark, Nuclear Spin Relaxation and the Knight Shift of 61Ni in the Paramagnetic Solid and Liquid Phases, J. 
Phys. F. Metal Phys. 8, 1513 (1978).  

 
In this work, we measured the Knight shift and nuclear relaxation rates of highly enriched 61Ni powder at 

high temperatures in the paramagnetic solid and liquid phases over a temperature range of 820-1850 K. To 
obtain a viable signal, a superconducting magnet operating close to 7.5 T with a room temperature bore in the 
CEA laboratory of Maxime Nechtschein was used. The NMR probe, which we designed to operate at very high 
temperatures, was placed in a cylindrical heater that was isolated from the environment and its outer surface 
was cooled with water to protect the room temperature bore of the superconducting magnet.  

 

 

 
 
 
 
We are still good friends with Maxime 
and his partner, Nicole Delsaux. The 
picture is a meal at his house in St. 
Martin d’Uriage in May, 2009. The 
people, from left to right are Pierre 
Ségransan, Maxime Nechtschein, my 
wife, Eva, Niclole, a friend of the 
group, and Michelle Ségransan. 
 



During the same period, I also had a collaboration with Giorgio Frossati and his graduate student, Henri 
Godfrin at the CNRS very low temperature laboratory. Henri Godfrin is still there.  

 
The reference to the work is: W.G. Clark, L.C. Tippie, G. Frosatti, and H. Godfrin, The Use of Random 

Exchange Heisenberg Antiferromagnetic Chains for Very Low Temperature Thermometry and Cooling: 
Quinolinium (TCNQ)2, Journal de Physique 39, C6-1160 (1978). (LT-15 Grenoble). 

 
It involved doing very low power, low temperature (2 mK in the mixing chamber of a dilution refrigerator), 

low frequency (~5 MHz in a magnetic field of ~2 G) ESR in Quinolinium (TCNQ)2. We constructed a very low 
power steady state magnetic resonance absorption spectrometer which probably dissipated less than 1 nW of 
power in the mixing chamber.The unusual temperature dependence of the amplitude of the response could then 
be used to obtain the temperature of the fluid in the mixing chamber.  

 
The temperature ratio for these two magnetic resonance measurements is 1850 K/.002 K, or = 9.25 X 105. 

That is a pretty large range of parameter space. 
 

EARLY PULSED NMR SPECTROMETERS AND NMR OPERATION SOFTWARE 
 
During my sabbatical year in 1975-76, I worked quite a bit with Yves Berthier and Pierre Ségransan on a 

pulsed NMR spectrometer. I also advised them to use a new DOS program to control and analyze experiments. 
It was called ASYST and was used for a long time by the NMR group. 

 
But not everyone liked it. I remember Prof. Michael Naughton of Boston College saying that is should be 

called IMPEDE, not ASYST.  



1997 PULSED NMR SPECTROMETER – MARK HANSON 
 

Mark Hanson was a graduate student of mine who was extremely good at designing and building electronic 
instrumentation. We did a lot of that together. In 1997, he was a postdoc with the Grenoble High Field lab solid 
state NMR group. One of his most important activities was to construct a model of a spectrometer we had made 
in my lab at UCLA. Some pictures of it are below. It has been used for a very large number of experiments at 
the lab here. 

 

 
 
      Spectrometer on rack 

 
 

Upper: WGC97 RCVR.  Lower: WGC97 XMTR 



CURRENT EXCITATION AND NMR MEASUREMENTS OF ISDW PINNING AND MOTION 
IN THE ORGANIC CONDUCTOR (TMTSF)2PF6 

 
The reference for this topic is: W.G. Clark, M.E. Hanson, S.E. Brown, B. Alavi, G. Kriza, P. Ségransan, 

and C. Berthier, NMR as a probe of incommensurate spin density waves in organic metals, Synth. Met. 86, 
1941-7 (1997). 

 
In this work, a small, needle shaped sample of the incommensurate spin density wave (ISDW) phase at low 

T in this organic conductor is placedw in a small diameter NMR coil for to obtain spin echo measurements and 
current/voltage leads are placed at each end of the sample to pass a current along its length and measure the 
corresponding voltage, or electric field along the sample. At low T, the ISDW is pinned. Under these 
circumstances, there is no significant time dependence in the position of the ISDW, and therefore no ISDW 
related time dependence to the local magnetic field at the nuclei, which results in no reduction of the amplitude 
of the spin echo signal of the 19F nuclei from motion of the ISDW.  



 
1. Current density vs. electric field shows the increase in the current density when the ISDW’s become 

depinned. At that point the ISDW begins to flow with an approximately constant velocity that increases as the 
electric field increases.  
 

2. Below 5 mv/cm, where the ISDW is pinned, there is almost no change in the echo height with increasing 
electric field. That is because the ISDW is stationary and the local field associated with it does not change with 
time. Under these circumstances there is not a change in the local field at the nuclear spins that will make the 
accumulated phase during the dephasing period for each spin be different from the accumulated phase during 
the rephrasing period and therefore reduce the height of the spin echo.  



 
 

3. When the depinning begins (~5mv/cm), there is a slow change in the local field of the ISDW that over 
the time of the dephasing and rephrasing gives a distribution of total accumulated phase that is different for 
different spin sites and leads to a reduction in the height of the spin echo, as seen in the region between 5 and 10 
mv/cm.  

 
4. At the point labeled N=1, the velocity of the ISDW is such that it moves 1 wavelength of the ISDW in 

the 35 μs between the first and second pulse of the spin echo sequence. Under these circumstances, the 
accumulated phase for the different nuclear spin sites is zero. The same occurs for the time between the 
rephrasing pulse and the echo arrival time, with the result that there is no contribution to the total accumulated 
phase at the echo arrival time. The additional peaks N=2, 3, and 4 show the same behavior. Since there is still a 
moderate distribution in the velocity at the various ISDW locations, there is a gradual reduction in the echo 
height with the increasing electric field. 

 
5. As indicated in the paper, these results permit one to obtain the velocity of the sliding ISDW as a 

function of the applied electric field. 



NEW 2002 2.0 GHZ NMR SPECTROMETER 
 

1. In 2002, at UCLA we developed a new version of our NMR spectrometer. It covers the frequency range 
3 MHz to 2.0 GHZ in three different bands. The first is a homodyne mode that operates up to 250 MHz. The 
second is a heterodyne mode that goes from 250 MHz to 1.0 GHz, and the third is a heterodyne mode that goes 
from 1.0 to 2.0 GHz. We have used this kind of spectrometer to probe the static and dynamic properties of an 
ISDW phase using proton NMR up to 1.9 GHz (44.7 T) in the hybrid magnet at the National High Magnetic 
Field Laboratory in Tallahassee, FL (W.G. Clark, P. Vonlanthen, Atsushi Goto, K.B. Tanaka, B. Alavi W.G. 
Moulton, A. Reyes, and P. Kuhns, Spin density wave order and fluctuations in (Ref: TMTSF)2PF6 at very high 
magnetic fields, Proceedings of PPHMF-IV, G. Boebinger, Z. Fisk, L.P. Gor'kov, A. Lacerda, and J.R. 
Schrieffer, eds. (World Scientific, Singapore, 2002) p358-363 and  International Journal of Modern Physics B, 
16, 3252-7 (2002)). 

2. A copy of this spectrometer was also provided to the solid state NMR group at the Grenoble National 
High Magnetic Field Laboratory. The main chassis has the rf pulse output to the power amplifier, the receiver, 
the sequencers, and the power supplies for these functions.  In addition, there are commercial components that 
include the rf power amplifier, an rf signal generator, a digital oscilloscope to record the signals, and a desktop 
computer to program the measurements, store, and analyze them. some pictures of the chassis we provided are 
shown below. 

 

 
 

Rear panel 



   Front panel 
 

   Top view of spectrometer 



 

 
 

Steffen Kraemer with the spectrometer



OUR LIFE IN GRENOBLE 
 
Eva and I love our life in Grenoble. During our six week visits here, in addition to Gil’s work at the lab, we 

interact with many of our friends here and visit a lot of interesting places. One recent event was Gil’s 80 th 
birthday celebration. As seen in the picture below, there were lots of our friends there. We loved it. 

 

 



We often have a nice visit to Claude and Danielle’s apartment. One time recently, Glen was napping there. 
 

 
 

 



Part of the time, Gil drives our car. But most of the time Eva takes him to a busstop in Poisat and he takes 
the bus to the lab from there. 

According to information provided by the bus line (below), one has to be careful when riding the bus in 
Grenoble. Evan so, we continue to do it on a regular basis. 

 

 
 



MUSIC IN THE GRENOBLE AREA 
 
There are many nice concerts in the Grenoble area. Eva and I love going to them. A picture from one of 

them is shown below. Do you recognize anyone in the chorus? 
 

 


