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Summary

The power supply system for steering the Bates
Linac beam provides continuous adjustment of the cur-
rent from +2.5A to -2.5A per pair of coils at #25
volts. A simple, inexpensive system has been assem-
bled from off-shelf components. Separate controls for
26 pairs of coils are provided by means of power oper-
ational amplifiers and drivers connected in series
with the coils across a common pair of *30V busses. No
current regulation is used. After coils and amplifiers
have reached thermal equilibrium (about one-half hour
at 2.5A) the current is stable within 0.5%.

Introduction - Requirements

The Bates 400 MeV linear electron accelerator
contains 27 centerline waveguide sections at the lead-
ing end of which are mounted steering coils for guiding
the beam to the next waveguide.

A set of four rectangular water-cooled helmholtz
coils, 6" x 12" approximately, are mounted peripherally
on each guide, one pair for horizontal steering and one
pair for vertical steering. Three sets of coils are
used in the gun, prebuncher, and buncher, and one-half
set on beam bias. Following the buncher, the first
five waveguides of the accelerator are twelve feet long
and the next eighteen are twenty-four feet long. The
drift space between waveguides averages two feet.
Fifty-three channels of steering are required, two per
waveguide and one for the bias.

The following specifications were established for
beam deflection by the steering coils:

1) Continuously variable control in the positive
and negative directions. Through zero desirable, but
not necessary.

2) Beam deflection per waveguide 3.2 mm
{(£3.2 mm corresponds to #0.4 mrad
for the 24-foot sections and #0.8 mrad
for the 12-foot sections).
3) Stability in 8 hours +0.5%
4) Resolution +0.5%

To obtain the same beam deflection, the current is
proportional to the energy in the beam. The following
currents were established for beam deflection at the
various waveguides. The resistance R is that of one
coll at the corresponding current. The increase in

resistance for the identical coils of items 2, 3, and
4 is the result of greater heat dissipation.
Max imum
Current
1) Gun, bias, prebuncher, <JA 8 ohms
and buncher
2) Waveguides #0-#4 (127) <1A 8
3) Wavcguides #5-#16 (24'; 209
4} Waveguides #17-#22 (24") A 11

The current for each section can be linearly inter-
polated.
Power System Selection

Considering availability, the most obvious power
system to select was one composed of voltage-regulated,
bipolar power supplies, catalogue listed, one for each
channel. The cost, however, was prohibitive, over
$80,000 - a factor of four above the amount budgeted.
If the voltage regulation feature were eliminated, the

cost would be reduced significantly. Hence, a cost
analysis of a system using a simple rectifier and fil-
ter for each channel, with relays to shift polarity at
zero, reduced the cost to $40,000. A system using two
well-stabilized (.01%) power supplies, one positive and
one negative, to feed several bipolar operational amp-
lifiers and controls was estimated to cost $20,000.

Fig. 1 shows a Block Diagram of the system. The
number of channels in one module is a compromise be-
tween the cost of wiring for the long distances to
steering coils, and the cost of another module and
power supplies. Cost of wiring over a long distance
with a low voltage drop is appreciable, Module I at
the low energy end of the accelerator has 30 channels,
and Module IT at the high energy end has 24 channels.

Circuit

The maximum power available from a catalogue-type
operational amplifier was 62 watts, #25V, *2,5A. Fig.
2 shows the circuit schematic for a single channel of
steering. Tests at 1.5A, the maximum output at 25V
with the two coils in series, indicated a drift of
+0,25% over a 24-hour period. The warm-up time was
one-half hour, much less than that required by other
equipment in the accelerator. If necessary, a current-
feedback system could he added at less than $100 per
channel.

The three distribution busses at the module are
located close to the drivers. The voltages are remote-
ly sensed at these busses for voltage regulation of the
power supplies. To eliminate the effect of voltage
drop by the relatively high current to the power amp-
lifiers, the drivers are connected directly to the
busses. Taking the utilization factor of the coils
into consideration, the current rating of each power
supply was set at approximately one-third of that re-
quired if all channels of one polarity were energized
to maximum current.

All pairs of steering coils are connected in
series and supplied from a single power amplifier for
a maximum output of 1.5A. Up to the present, this has
been sufficient for deflection. Should it later be
found that larger currents are required in certain
channels, a configuration that permits up to 2.3A in a
coil by energizing each coil of one pair from a sepa-
rate power amplifier can be used. See Fig. 3. Only
one driver is used. The small difference in current
which may develop in the coils is not expected to be
troublesome. With a parallel configuration of power
amplifiers connected to one coil, even larger currents
may be obtained.

Steerine in the Beam Switchyard

In the beam switchyard the requirements for angle
of beam deflection were increased by 50% from those in
the accelerator. Application of the same steering
coils as those in the accelerator would have neces-
sitated using a complex series-parallel arrangement of
power amplifiers supplied by #60V. Inasmuch as the
coils had not been fabricated, a new set of coils were
designed to be compatible for the series connection of
one pair and yet be energized from a single power amp-
lifier operating at 2.5A and 25 volts. This would per-
mit the maximum power capability of the power amplifier.

*Work supported by the United States Energy Research and Development Administration.
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To achieve the higher magnetic field required for
greater deflection, the number of turns in the coil
was increased to 500 from the 300 in the accelerator-
mounted coil. To eliminate water cooling of the coils
the size of the wire was increased from #18 to #14.
Further economy was realized by making the coil flat,
instead of being formed to the contour of the 6" di-
ameter drift space tube. Thus the cost of the coils
in the switchyard was less than 40% of those in the
accelerator. The 24-channel module used in the high
energy end of the accelerator was also used in the
switchyard.

In the accelerator, the two pairs of coils in one
set were mounted peripherally at one location, com-
pletely filling the periphery of the circular wave-
guide. At the switchyard, pairs of coils were mounted
on vertical and horizontal planes. To avoid physical
interference, the vertical pair was displaced from the
horizontal pair along the length of the drift tube.
Aluminum cradles on which a pair of coils rested sim-
plified the mounting so that the cradle-coil assembly
could be moved from one position to another in a mat-
ter of minutes.

Conclusion

The feature of remote beam steering from the
Central Control Room has been incorporated.! Operation
of a pushbutton switch at the console selects the con-
trols for the set of coils in which the currents are
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to be adjusted and monitored. The selection automat-
ically connects one lever switch at the console to the
controls for the horizontal coils, and one switch to
the controls for the vertical coils. The lever switch
drives a motor attached to the current-adjust potent-
iometer. One remote control system controls the ac-
celerator steering and another the beam switchyard
steering.

In mere than three years of operation, this eco-
nomical power system for beam steering has operated at
maximum reliability, not experiencing a single failure
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