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Abstract: Toroidal transformers are used to measure the beam current in beam lines and
accelerators. Placing such a transformer hi the feedback loop of an operational amplifier will
increase the useful frequency range (active current transformer). A magnetic modulator can be
added to extend the response to DC current, maintaining with a control loop the transformer
core at a zero flux state. The magnetic modulator in the parametric current transformer gives
not only the DC response but provides parametric signal amplification up to a transition
frequency of about 500 Hz. The low frequency channel (magnetic modulator) and the high
frequency channel (active current transformer) are linked together in a common feedback loop.
A large dynamic range together with good linearity and low distortion is obtained. This
arrangement protects the magnetic modulator from dynamic errors in case of a sudden beam
loss, which could impair its zero stability. Dynamic overload protection is an important
condition to obtain high resolution and good zero stability, even in applications which require in
principle only a very limited frequency response.

Introduction

Beam current transformers are among the oldest examples of beam instrumentation.
Their development has followed the evolution of particle accelerators. Two important mile-
stones of this development should be mentioned here:

The current transformer was placed in the feedback loop of an operational amplifier
(H. Hereward and J. Sharp1). This extended the low frequency range by a factor approximately
equal to the gain of this amplifier. The differentiation time constant L/R of the "Active Current
Transformer" could exceed 1000 seconds, making it possible to measure the circulating beam in
the proton synchrotron during several seconds with a negligible shift of the baseline.

A magnetic modulator 2 and a control loop was added to prevent any magnetic flux
change in the core of the active beam current transformer. This "zero flux DC current
transformer" was originally developed for beam current measurements hi the ISR1, a storage
ring, where the proton beams would circulate for days and weeks. It is an example of a
technology developed for particle accelerators which has found many industrial applications 3

for precision DC and AC current measurements.
A new generation of beam current monitors.5 was developed for the LEP project. This

gave the opportunity to introduce a number of new ideas to improve the performance and to
reduce the influence of environmental factors like stray magnetic fields, electromagnetic
interference and mechanical vibrations (microphony). The new instrument is called the
Parametric Current Transformer (PCT), because the magnetic modulator provides parametric
amplification in the low frequency channel, up to a transition frequency of about 500 Hz.

The development work was done in collaboration7 with an industrial company in France
(technology transfer) who intended to produce this instrument commercially. This meant that a
number of economical factors had to be considered which were of lower importance in earlier
projects. The priorities for a commercial product are cost, reliability and performance - in that
order! The new design goal was to reconcile these requirements without sacrificing the
performance. This was achieved by reducing the number of components and their cost (cables,
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