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Director, NI-IMFIL-Los Alarnos User Program 

It is with great pleasure tha1 I bring to your attention comments on the following article, “Ultrasound Measurements in 
Pulsed High Magnetic Fieltfs,” by B. K. Sarma, A. Suslov, and J. B. Ketterson. For the past decade, ultrasound 
measurements have proven to be of‘ great importance in the investigation of systems close to magnetic instabilities. Many 
interesting results can be found in thc literature (at reasonably high I)C fields) dealing with systems presenting 
metamagnetic transitions where ultrasound measurenients provided important information regarding the electron-lattice 
coupling. The group Ketterson, Suslov, and Sarma has been the first in the United States to extend this technique to be used 
in pulsed magnets. Their report that follows describes experimental details of the technique and presents results regarding 
the lattice behavior around the 35 T metamagnetic transition of the heavy fermion compound URu,Si,. I am sure that many 
of you will find the article very interesting. We are working hard to make this technique available to the user community 
soon. 

quadrature outputs. The reference signal for the phase sensitive 
detector is obtained by independently mixing the second 
channel from the synchronizer with the local oscillator. 

Bimal K. Sarma, University of Wisconsin-Milwaukee, Physics 
Alexei Suslov, University of Wisconsin-Milwaukee, Physics 
John B. Ketterson, Northwestern University, Physics 

ltrasonic velocity arid attenuation measurements 
are powerful tools to study condensed matter 

systoms,l especially various phase transitions and collective 
phenomena. Sound waves, which can be regarded as long 
wavelength phonons, can couple with the electrons or 
other collective excitations: the resultant loss in amplitude 
(attenuation) and/or changc i ti the velocity gives information 
about the possible physical processes taking place. Useful 
parameters to control are the temperature, applied magnetic 
field, and pressure. Our group has constructed a unique 
ultrasonic spectrometer specifically for the study of 
condensed matter systems at the intense pulsed magnetic 
fields at NHMPL-LANL and have used it to study the 
metamagnetism in UPt, and URu,Si,. 

The instrument is a computer-controlled, phase-sensitive, 
ultrasonic spectrometer, which works as follows: the r.f. 
output of a synchronizer is split into two channels by a power 
splitter. One of‘ these channels is gated and after passing 
through an r.f. power amplificr, sent to the cryostat. The r.f. 
pulse is converted to an acoustic pulse via a piezoelectric 
transducer bonded to one side of the sample under study. 
This generatcs an “echo train” which is detected via a second 
transducer bonded to the opposite side of the sample. This 
received r.f. signal is amplified and tnixed with a local 
oscillator, the output of which is further amplified after which 
it is applied to a phase sensitive detector with in-phase and 

The two outputs of, the phase detector are averaged (by 
separate boxcar integrators), digitized, and stored in the 
computer. The amplitude and phase are then computed 
yielding immediately changes in the attenuation and velocity. 
Alternatively one can use the output of the 90” channel as a 
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Figure 1. Block diagram of spectrometer 



feedback signal to shift the frequency of the synthesizer to null 
this channel. The in-phase output then gives the attenuation 
change directly while the velocity change can be Computed 
from the synchronizer frequency shift. For very large velocity 
shifts, one must be concerned that tho fiequency does not stray 
outside the bandwidth of the transducers since this would 
result in a spurious attenuation and velocity (phase) shift. 
This problem can be addressed by periodically incrementing 
the synchronizer frequency such that a phase shiR of 2n 
is introduced in the received signal and introducing the 
appropriate corrections into the data analysis. 

The above procedures allow the detection of attenuation and 
velocity changes corresponding to .01 dB and a part in lo7 
rcspectivcly. A schematic of atypical electronic setup is shown 
in Fig. 1, Mmy variations are possiblc, the choice depending 
on the experiment at hand. By assembling the detector system 
from individual r.f. components, the instrument has maximal 
versatility and can adapt to a wide variety of experimental 
conditions. [n sound vdocity measurements using the cw 
(continuous wave) method, the resonant frequency is measured 
to determine changes in sound velocity. This technique 
enables one to achieve a very high resolution in sound velocity 
measurements, and since this is also a low power measurement, 

t = O  t .: t, t A Zt, 1 = lit, 

Figure 2. A train of N pulses. 
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it is particularly suited for low temperature measurements. The 
measurement technique involves frequency modulation, and 
the detection is enhanced by the use of lock-in amplifiers. 

For the pulsed magnetic field studies at the Los Alamos site, 
additional measurement features are required. The short pulse 
magnets (20 ms 50 T or 60 T) require approximately 30 to 
40 minutes to recover between pulses. In order to collect 
the maximum amount of data per pulse, it is desirable to: 
(1) digitize and store all echoes in a given pulse train and 
(2) launch as many pulse trains as possible. Typically the 
ultrasonic pulses were sent at a frequency of 25 kHz or 40 
psec between pulses. During this time, the magnetic field 
changes by 0.2 T. 

The second requirement implies that a new pulse train will 
be launched as soon as the previous one has disappeared into 
the noise, corresponding to about 3 to 4 decay times for the 
pulse train. At such high, short-term duty cycles one must be 
concerned that the r.f. output does not fall off with successive 
pulses. Since typical ultrasonic pulsers draw energy from a 
capacitor during the pulse (which is recharged by a power 
supply of limited capacity) they would not be suitable for 
the present purpose. Hence, we require an r.f. amplifier 
(amplifier research has various power amplifiers covering a 
broad frequency range) capable of delivering a high average 
power. The first requirement is common to all pulsed field 
measurements. We use the LeCroy 68 10/63 10 digitizing 
systems at the Los Alamos site. During the magnet pulse, a 
rapid succession of ultrasonic pulses is sent into the sample, 
and all the information stored. The data is analyzed to 
obtain the velocity and attenuation information that is then 
transferred to the computer and stored, freeing up the LeCroy 
system for the next set of pulses. 

For measurements in pulsed magnetic fields, the spectrometer 
has been used in a second configuration, which we call 
a digital spectrometer. The IF frequency of 12.5 MHz, is 
extracted by a low pass filter and is digitized by a GaGe-CS 
1250 oscilloscope card. The sampling rate is 50 MHz, 
which allows us to measure four points per IF period. The 
signal is stored in the memory of the oscilloscope card and 
later transferred to the computer. The mixing and detecting 
functions are now performed digitally. 

Typically, the high accuracy and sensitivity in the ultrasonic 
measurements is achieved by signal averaging over many 
pulses; thus, requiring a slow sweep rate of the magnetic field. 
m i c a 1  sweep times in the DC fields at Tallahassee were 60 
minutes to full field. In the short pulse magnets no signal 
averaging is possible since the magnetic field changes by as 
much as 0.2 T between the r,f . pulses. Also, the echo train 
should be short, so that there is no overlap between echoes of 
neighboring pulses. 

Figure 3. Metamagnetic tramition in URuzSiz. 
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Figure 4. Anisotropy of the metamagnetic effect in UPt3 

Ultrasonic experiments generally require large single 
crystals, and this gives rise to the possibility of appreciable 
joule heating during the magnet pulse. Care has to be taken 
in our sample holder design to minimize any additional 
joule heating. The sample is bathed in helium for maximum 
cooling and heat exchange during the magnet pulse. 

This spectrometer has been used in the study of the heavy- 
fermion materials UPt, and LJRu,Si, in the 20 ms 50 T pulsed 
magnets at NIIMFL-LANL. Both of these systems show 
metamagnetism at high fields, an enhanced magnetization 
accompanied with a sharp velocity dip. Ultrasonic velocity 
measurements were done on a single crystal URu,Si, at 

Bruce Brandt 
Director, hHMFL DC Field Facility User Program 

We are delighted that the portable dilution refrigerator has 
been made to operate in the Hybrid magnet. Vaughn Williams 
designed a new stand so that the refiigerator could be aligned 
in and mechanically isolated from the magnet. Eric Palm and 
Tim Murphy extended pumping lines and control cables to 
move critical parts into outziert fringe fields low enough to 
allow them to work properly, assembled the components, and 
got it all to work. The refrigerator has run successfully for six 
weeks. It was removed in early July to make room for other 
experiments and to allow some work to be done to lower the 
base temperature. It will run again this fall in either a 33 T 
magnet or the Hybrid depending on the science to be done. 

Hybrid users were limited to 42 T while we waited for the 
last part needed to build a complete set of spare insert coils. 
The set was completed in late July, and users have been given 
limited numbers of sweeps to 45 T since then. We hope to 
offer unlimited operation at 45 T by December when the 
redesigned insert is on hand. 

various temperatures. At 4 K, a three-fold splitting in the 
metamagnetic transition is seen (Fig. 3) agreeing with earlier 
workz on magnetization measurements. The temperature 
evolution of this splitting is shown in the inset. As the 
temperature is raised, the three-fold splitting merges to two 
and finally one. 

Fig. 4 shows both magnetization and velocity measurements 
in UPt,. Lower curves are magnetization measurements 
done with a Lake Shore Vibrating Sample Magnetometer on 
two UPt, samples: asphere (open circles) and a rectangular 
piece (open triangles), in the 30 to 33 T DC fields at 
the NHMFL in Tallahassee. The magnetic field is applied 
at an angle 8" from the basal plane. The upper curves 
are ultrasonic velocity measurements performed on a 20 
millisecond 50 T pulsed magnet at the NHMFL, Los Alamos 
facility, and at angles 0" and 60". At the metamagnetic 
transition, B,,,, there is an increase (a step) in the 
magnetization and a sharp dip in the velocity. 

The magnetic field at which this occurs is anisotropic, and 
the anisotropy is shown in the inset. The solid line is Bo 
sec8, the field required to yield a component of B, in the 
basal plane. The velocity data is shown as solid squares. The 
60" data shows the strength of the velocity measurement 
technique in a pulsed field. Magnetization measurements 
would be very difficult because of the large dB/dt (rate of 
change of flux) through the pick-up coils. 

This research is supported by NSF through Grant N o s  
DMR-9971123 and DMR-9704020, and the NHMFL, 
Tallahassee and Los Alamos. 

I Sarma, B K ,  et ul., Physical Acoustics, 20 (Ed. by M. Levy, 
Academic Press, 1991). 

2 Sugiyama, K., etul., J.  Phys. Soc. Jpn., 68, 3394, (1999). 

e N  

The recent successes of the NHMFL outlined in this and 
previous newsletters are the product of inspiration and 
dedication from both staffand users of the Laboratory. 
The users can be particularly proud of their 
achievements. We have performed excellent science at 
the NHMFL and we have made recommendations that 
have guided new directions and improvements in 
capability and infrastructure. The User Committee is 
elected by the user community, broadly dejined, to bring 
your concerns to the attention of our community and to 
the Laboratory management, the Laboratory Advisory 
Committee, and the review committees of the NSE I 
welcome news of your research successes and 
suggestions for improvements. 
Send to: w-halperin@northwestern.edu 

Bill Halperin, chair 
Users Committee 
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Attention Users: Alex H. Lacerda, NHMFL - Los Alamos Users Program Director 

As a National User Facility, our role is to diversifl , educate and inform the scientific 
comniunity. With that in mind I bring to your attention the following article by Prof. G. 
Barbosa-Canovas ct a1 , Biological Systems Engineering, Washington State University. 
Prof. Barbosa-Canovas and collaborators utilized the NHMFL - Los Alamos Facility to 
explore the effect of high magnetic fields (dc and pulsed) of microorganisms growth. 
The following article illustrates preliminary results. I would also like to take this 
opportunity to thank Dr. F. San Martin, Dr. F. Harte and Prof. G. V. Barbosa-Canovas for 
their contribution. 

Exposure of Microorganisms to High Intensity Magnetic Fields 

M. Fernarida San Marlin', Federico Hartel, Gustavo V. Barbosa-Chnovas' and Barry G. Swanson3 

'Biological Systems Engineering, 3Food Science and Human Nutrition Washington State University P.O. Box 6120 
Pullman, WA 99164-6120 

Food processing by nonthermal technologies is currently under extensive research. The 

use of magnetic fields for microbial inactivation has been suggested as one of such 

technologies. Exposure to extremely-low frequency low intensity magnetic fields has 

been reported to stimulate proliferation of microorganisms such as Saccharomyces 

cerevisiae (Mehedintu and Berg, 199'7) and Pseudomonas stutzeri (Hones et al., 1998). 

However, microbial inactivation of 1.4, 3.6 and 3.5 logarithmic cycles of microorganisms 

such as Streptococcus thermophilus, Saccharomyces cerevisiae and mold spores 

inoculated in food samples by exposure to single magnetic field pulses of 12,40 and 7.5 

T were reported by Hofmann (1985). No other results on microbial inactivation due to 

exposure io high intensity magnetic fields have been reported so far. During the late 90's 

Washington State University research group showed no inactivation on Escherichia coli, 

Saccharomyces cerevisiae nor Listeria innocua exposed to 50-200 magnetic field pulses 

neither at 14, 16 nor 18 T (Harte et al., 2000; §an Martin et al., in press). The objective of 



the research at the NHMFL .- Los Alamos Facility was to determine whether exposure to 

higher intensity fields could achieve inactivation on Escherichia coli, Listeria innocua, 

Bacillus subtilis and Saccharomyces cerevisiae. 

The three bacterial strains and the yeast were incubated and grown as described by Harte 

et a1 (2001) until early stationary phase was reached. Cryogenic vials containing the 

samples were stored in liquid nitrogen until used. After the magnetic field treatment, 

serial decimal dilutions of the original sample were done in 0.1% peptone solution. 

Enumeration of surviving organisms as colony forming units per milliliter (CFU/mL) was 

performed by pour plating method for the three bacteria and spread plating method for 

Saccharomyces cerevisiae. 

Cryogenic vials containing the samples were subjected to either one of two types of 

magnetic field treatments at Los Alamos National High Magnetic Field Laboratory 

(NHMFL). Exposure to a static magnetic field of Escherichia coli and Saccharomyces 

cerevisiae was done using a 20 T Superconducting Magnet. The cryogenic vials were 

attached to a sample positioner (Model No. 1639-8; Cry0 Industries of America, 

Manchester, NEI) with a copper mount, a 25 - heater and a PT-100 temperature sensor. 

Samples were kept at either 4 or -20°C throughout the treatment. The come-up (0 to 18 

T), holding (1 8 T) and come-down (1 8 to 0 T) times were 52,60 and 52 min respectively. 

Exposure of the microorganisms to a pulsed magnetic field was done using a 50 T short 

pulse magnet also at Los Alamos NHMFL. In this case, however, due to the small magnet 

bore, the sample was attached to a G-10 rod, placed at the center of the magnet and kept 

frozen throughout the treatment. Samples were exposed to 1 ,2  or 3 magnetic field pulses. 

Average pulse width was approximately 20 ms and the time elapsed between consecutive 



pulses was approximately 25 min. In both types of treatment, control samples were 

obtained by following the same protocol, except that the magnetic field was not turned 

on. 

No significant differences (-4.05) between control and treated samples were observed in 

log CFU for Escherichia coli and Saccharomyces cerevisiae exposed to an 18 T static 

magnetic field neither at 4OC nor at -20°C. 

ANOVA analysis showed no effect of the pulsed magnetic field neither on Bacillus 

sub til is (a=() .229 1 ), Listeria inno cua (azo. 4.96 7 )  nor Saccharomyces cerevisiae 

(a-0.8 1915). In the case of Escherichia coli no significant differences were observed 

neither in VRB agar (a-0.7869) nor nutrient agar (a4.3313). 

Our negative resul1,s are similar to those reported by Caubet (1999) for Listeria innocua, 

Escherichia coli and Bacillus cereus exposed to 1-6 pulses of a 7 'I7 magnetic field. 

However, he observed that spores of the mold Penicillum cyclupium exposed to the 

pulsed niagnetic field modified the aspect of the colonies. 

Consistent negativc results were observed for all the microorganisms studied, regardless 

of the type of inagwetic field used. So far, static or pulsed magnetic fields such as those 

used in this work, are not a feasible technology for food preservation due to failure to 

inactivate microorganisms. 
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