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TESTING NEW VIBRATING SAMPLE MAGNETOMETER 5 K – 1273 K 
 
 

Tomáš Žák ─ Oldřich Schneeweiss* 
 
 

The new Vibrating sample magnetometer was purchased, the LakeShore product, model 7404. It allows to measure in the 
temperature range between 5 K and 1273 K in the field up to 2.17 T. Further items of main specifications are also presented. Some 
typical results of thermomagnetic curves with a low-temperature ramp are presented. Advantages and also drawbacks of the new 
magnetometer are described as maintained from the first experience. 

 
K e y w o r d s :   vibrating sample magnetometer, maximum field, temperature range, advantages and drawbacks 

 
 
 
 

 

1 INTRODUCTION 
 

After almost 20 years of relatively reliable service of 
the old vibrating sample magnetometer (VSM) model 
4500 made by EG&G Princeton Applied Research we 
decided to purchase a new one. The old model was later 
equipped with a vacuum oven of own construction. So 
with this modification it was able to cover the 
temperature range up to approximately 1100 K. The 
maximum field is 1.6 T, independently of the temperature 
mode [1 - 3]. However, our aim was to reach also down 
to the liquid helium temperature.  

 

Fig. 1. Model 7404 LakeShore vibrating sample magnetometer

For this purpose the LakeShore product, model 7404 
was chosen. The whole setup consists of a 4-inch 
electromagnet with adjustable air gap, programmable 
bipolar 4-quadrant power supply, sample drive, instru-
ment console with temperature and VSM control units, 

and computer with special software (see Fig. 1). Both 
bipolar power supply and electromagnet are water cooled. 
As a part of the delivery there was also the high 
temperature oven and variable temperature cryostat with 
cryogen transfer line. 

 
2 MAIN SPECIFICATIONS 

 
With 51 mm pole faces and an air gap of 16.2 mm 

samples can be measured in the field up to 2.17 T. This is 
valid just at the room temperature. With an oven or 
cryostat installed, when the air gap has to be set to 
38.1 mm, this value falls down to 1.18 T. The nominal 
value of the noise is declared to be of the order of 10-10 
J/T (10-7 emu), the stability is 0.055% per day.  

    (a)    (b) 

Fig. 2. Oven (a) and cryostat (b) options  
of the model 7404  

The oven is of classical construction with thermal 
insulation by an evacuated and shielded space. However, 
the sample zone is open on the top with side port for 
flushing argon gas into it (Fig. 2a). 

The variable temperature continuous flow cryostat is 
designed for rapid sample cooling. To maintain easy 
sample insertion and interchange, the sample zone is also 
open at the entry place of sample rod (Fig. 2b). 

The VSM controller concentrates all the special 
electronics and interconnects all necessary parts. With the  
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Fig. 3. Typical 7400 Series VSM System with Optional 74018 Cryostat Wiring [4] 
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computer communicates - similarly as the temperature 
controller - via the IEEE-488 interface. Interesting is the 
utilization of an audio power stereo-amplifier, where one 
its channel is used for amplifying of the sample drive 
signal. Output of the second one feeds with a regulated 
power an auxiliary heater on the top of the cryostat at the 
opening for sample rod. The user communicates with the 
whole magnetometer console via the computer software. 
It allows operation of the whole system, data acquisition 
and analysis (Fig. 3). 

The purchase price of the whole equipment includes a 
one-week stay of a technician. As he is not supposed to 
install the magnetometer hardware, all installations had to 
be prepared before his arrival. Besides checking the 
functionality and setting all necessary parameters he also 
provided us with a basic schooling. 

 
 

3 OUR EXPERIENCE 
 
 
 

The new VSM is intended to be used in the low 
temperatures region predominantly as this is besides 
enhanced sensitivity its main priority to the old 
equipment, though the maximum applied field is not 
superior (in comparison with 1.6 T on the old VSM). So 
the testing of the whole equipment and checking of all its 
characteristics was very important for us. In connection 
with it, it is also good to know that there is no possibility 
to register automatically magnetometer output values on 
the down-temperature branch of any temperature 
dependence (for both lowered and elevated temperatures). 

As a frequent task, measurement of critical temper-
atures is realized as a combination of three thermo-
magnetic curves measured after cooling in zero, positive 
and negative field, respectively (see Fig. 4). 

 To enhance the possibility of detecting of the critical 
temperature position, derivatives are often used. Here 
there is no problem to utilize this procedure as 
derivatives (dM/dH and dM/dT) are already present in 
output files of results (see Fig. 5). 

Besides of temperature ramping also its stability 
during low-temperature loop measurement was checked. 
In both this modes -and at the temperature ramping 
especially - the function of the electronic temperature 
regulator unit was not quite satisfactory. Moreover, it is 
sometimes not easy to set up manually the pre-regulation 
valve on the cryogen transfer line and adjust properly the 
coolant flow (both He and N2) for all low-temperature 
modes.  

Problems with the temperature regulation extremely 
extend the time spent with measurement, increasing the 
consumption of liquid helium and the total costs of it. 
Little bit longer experience also shows us that it make 
problem to keep the cryostat isolating vacuum on 
satisfactorily low value without frequent and sometimes 
also continuous pumping.  

What about the measurement accuracy of temperature 
dependences the temperature stability of pick-up coils 
and gaussmeter Hall probe seems to be limiting. In it 
originating variations can be in some cases comparable 
with measured effects. This problem is also amplified 
with an influence of the electromagnet cooling water. 
Here the minimal flow rate of the coolant is factory set to 
a large value of 3.8 l/min. (see Fig. 6). To lower the 
overheads connected with the water consumption a 
recirculating chiller of a local provenience was 
purchased later. However its function is also not without 
problems because of a weak circulation pump. What 
about the software there are also some bugs present in it 
resulting in mostly fatal errors with subsequent stopping 
of the program. 

 

 
 
 
 
 
 
 

Fig. 4. Thermomagnetic curves of an iron oxide 
sample after cooling in various fields 

 

 

 
Fig. 5. Derivatives of thermomagnetic curves of an 
iron oxide sample after cooling in positive and 
negative field 
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Sometimes only freezing of certain magnetometer 
functions appears. It can be removed just after restart of 
the whole setup (switching the mains off) only.  

As the instruction set of the VSM controller for 
communication with the IEEE-488 bus is not known to 
the user, developing of any alternative “home-made” 
software is not possible and it is necessary to rely on 
eventual updates. 

After several month of operation, severe problem with 
the sample drive appeared completely disabling any 
measurement. After contacting the customer service a 
spare part was sent to us together with instructions for the 
repair. However, independently on the customer service 
different part was found to be damaged in the VSM 
controller. Its testing and subsequent repair was not easy 

as no wiring diagram is available. So the servicing seems 
not to be a strongpoint of the producer. 

 
 

4 CONCLUSIONS 
 

In spite of some particular temporary problems, we 
believe that at least part of mentioned problems appears 
as a consequence of a lack of our experience on the field 
of low-temperature measurements and that the new VSM 
will be a valuable instrument for our scientific research.  
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Fig. 6. Influence of cooling water on measured results 


