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DYNAMIC FIFLD MEASUREMENT IN THE BEAM SWITCHING MAGNET.

In this report we would like ©t0 dlscuss the possible methods of
measuring the magnetic field in the beam switching megnet. This magnet will
switch the electron beam of the accelerator to differvent target areses.

The pulse repevition rate is 360 cycles and the beam energy is 25 Bev ¥,
The mognet pulser should be able o pulse the magnel with a‘.ﬁ accuracy of
1% end repeat the operation in less then 2 1/2 milliseconds. The mag-
netic field in the magnet rises sinusoiéally and it hss a peak value of
2070 gauss, Defore we discuss the reguirements for the fTield measuring
device, we would like to sketch the necessary triggering signals to oper-
ate the pulse magnet, |

Triggering of the Pulsed Deflecticn Megret

According to our latest discussion with the Conbrol and Instrumentsa-
tion group the magnet pulser will receive timing and energy information
gignals in the form of programmed pulse trailns. Figure 1. shows the three

Tenergy informaticn pulse trains”

with the clock pulse train and & block
diagrem for the decoding system. The energy information pulse train is
delayed compared to the corresponding clock pulses with .5-1lms which is
needed to pulse the field in the beam switching to its peak valve. In
the decoding system the clock pulse willl be delayed with the same amoﬁn’c
(.5-1ms) and the coincidence signal will start to pulse the msgnet. The
fieid will rise in the magnet sinusoidally to its peak valve of the order

of 2100 gauss. To insuve that each pulse will be sent to the predetermined

¥ J. L. Cole, B, Hedin, J. J. Muray - TN-63-3
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Place or no pulse will come when the magnet is not ready, it is important
to send a "ready" signal to the gun pulser. When the magnet is energized
and sble té acceia‘:’:. the electron pulse, the ready pulse wou]..d open a gete
for the gun keying pulse. Then in the pulse magnet one has to measure
the field Bo after a preset time ¢ o° This signal can be used as a
"ready" sigpal. However, one would like to weasure the Pield at any time
during the magnet pulse duration (lms) . Figure 2 shows the block diagram
to obtain the “ready" signal arnd the maximum field value from the pulse
magnet.

Now, we cen sumarize the requirements for the field detector which
is placed in the gap (or near) of the beam switching megnet.

1 - The field messurement doesn't need 0 be an ebsolute measurement.
R. Taylor suggested that a D.C., field coil on the pulse maguet would be
very useful for field calibration and in the case when thepulse magnet fails,

2 - The detector should be able 0 measure the field from 500 to
3000 gauss at any time within the magnet pulse., The pulse sempling time
(measuring time) is 10 microseconds.

3 - The frequency response of the detector should be in the frequency
range of O - 1 Mc because during the lOus measuring interval one would like
to see structural detalls,

4 . The measurement accuracy, resolution stability, end reproducibility
of 1 part in 10° is reqw.rédf

5 - Small piwsical size and simple, rugged mechanical and electrical
construction with ﬁo moving parts for ease of installatbtion and operation

even in a vacuum.
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6 - A£bility to be insensitive to nominal awblenttemperature
Tluctuations.
T « Ability to cperate 1ln radiation envivonment.
The possible candidates for such a fleld detector are the following
ingtruments:
I - Hsll generator
I1 - Gated inbegrstors
ITT - Electron magrnetlc resonance device,
I. (a) Hall generators are capable of continuocus operation
Prom 10 to 25000 gauss with less then 0.5% deviation from a
lirnear relationship between cutput and magnetic field.

(b) Hall genevators have attained the 1 part in 10%
accuracy after calibration with our IR gaussmeter, using
special temperature compensating clircuits.

(c) The Hall generator element, being a compound semi-conductor,
has been observed® to underge a change in outpubd cheracteristics
due to the effect of radiztion.

{(d) Since the average output sensitivity of the available Hall
generﬁtors is about 15 mx/kg.and they are low output impedance
devices, they ave free from noises and well suited for standard
electronics,

(e) The frequency response of Hall generators are usuelly an
order of magnitude lower thap what is required here.

IX. In principle the magnetic induction B at any point in a tiwe

varying field can be oblained by integrating the output voltage from a

# J, Ko Cobb, J. L. Cole, J. J. Muray - SLAC TH.62-80
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scarch coil placed in the field. The elecromobive force and the megnetic

induction sre given by

te

aB 1 ~
Vu-:I\TA-a-;E-, and B-—":Bo -m T gt

1

The product T A is the ratio of magnetic flux to mognetic inductica
for the search coil in a wniform magnetic field,

‘l‘he magnetic field in the pulsed magnet bas a simple sinusoidal form
B(t) = B, sin ot

end the integral of the search coll ocutput voltege for s quarter cycle gives

7{u
Vdt = NAB,

0

If ore wants to sample the field then the integration should be extended

only for the required sampling interval. Then

75 -
: - AT
Vat = -I‘IABo{s:mwt] NABOWII

H

ty | ty

where AT is the sampling time end T is the periodic time.
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The integration in such a gaited imbtegrator can be performed by an
cperational amplifier or with an integrating D.C. circuit. The detailed
study of these systems will be performed in the near fuvure., Just to
give an order of magnitude value for the induced volbege during A T = 10us

for the staiopary coll in the field we might estimate 1t from

Vo= -WA £2 S~ 102x1077 (=B ) 22~ gy
072 1P

This voltage has to be integrated and displayed in a recording de-
vice., DBecause after the integration with an operstional amplifier the

oubput volbage is

¥

.’62
1 [V dt when tp - ty FANRIN
e I "in <
RC

Ty

the R C +time constant hes to be small if one wants & large output voltage.
For theinbtegration time constant has to hold the following relation to
RC < AT from which R G ~ 1075, Using this value the output voltage

from this integrator

~ l T ~ o~
VO’th BT Vin 47 V:.Ln o1 Volts

ITI. An electron usgpebtic resonance magnetometer is capable of
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measuring chenglng magnetic

The meguetic field can range from O - 6000 gauss and fleld rise can be as

5%G,

high as then SEec’ The sensing element in these instruments is the

electron spin resomance of 1 : 1 diphenyl - 2 pleryl hydrazyl (D P P H).
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The spin - spin relaxation time T5 = 2.4 % 10”8 gee, The resonance

frequency of DPPH is given by
v = (2.807 £0.001) B in M c.

where v 1is the frequency in M c¢ and H is the field in gauss.
¥ields of 500 to 2500 Gauss will rescnate the D P P H in the frequency
range of l.b to 7 k M ¢. With an clectron magretic rescnance PlLuxmeter
one would be able 10 measure the absolute value of the field at any pz'e«.
determined time just by cbanging the oscillgtor freguency. AL constsnt |
frequency the device would give a signal at a predetermined time if the
field reached the required value. This would be & very convenient way to gen-
erate the "veady" pulse for the gun. Using a coincidence circult between
the E M R and the timing pulse cne would be sble to read the rescnant
frequency which corresponds to the peak megnetic field.

This device would serve as a very sensitive analyzing system for
the pulse me.gngt meduletors to investigate jitter and amplitude fyom pulse

to pulse basiz. Development of such an E M R device is under consideration

¥ 0. E. Spokas and M. Dgnos, Reve. Sci. Inst. June 1062

J. L. Stahlke, Nuc. Inst. and Methods 17 (1962)
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