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A DEVICE FOR DETERMINING THE DIRECTION OF FLUX LINES IN THE 

TIME VARYING M,A.GNETIC FIELD OF A PARTICLE ACCELERATOR 

Robert Eo Richardson end Duene Co Sewell 
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October 25 0 1949 

The stab1e particles in the beam of ::m accelera.tor· such as the synchrotron 

"11 t b t "" "- 0 b 0 

• " d" ., .ro "'h t (l) oscl. a e a_ou a sur;: ace WuJ.C _ J.S near r;ne me J.an. p.tane O.!. t .. e ms.gn-:1. gapo 

Robert Ro Wi hHmv .\ Phys o Re·lro D 53 0 408 ( 19~58) 

------------------
The posi tio:a of' this surface can be determined. ii' the O.irection of the magnetic 

flux lines near the median plane of the gap is known and if the -va.ris.tion of the 

magnetic field V~r'i:th radius in the median plane is knowno The flux lines are 

vertical near the median plane o.f the gap in a magnet wi:bb. the usual_ horizontal 

gap = these line,'3 are vertical at the median plane in the ideal case o This paper 

describes a device for determining in a time varying magnetic field the. position 

where the ma.gnetiG flux lines are verticalo 

The method is a null methodo A coil is suspended Yertical.ly in the magnet 

gap with the axis o£' the coil horizontal end perpendicular to the beam path., The 

magnet is pulsed with the coil at v-a.:rious v-ertical positions in the gapo The 

voltage indu.ced .in the cwil 0 which iB propo:rti.on:al to the rate of' change of net 

horizontal· flux throttgh the coil 0 is ~iewed on a cathode n:q osG~<illoscopeo 11Then 

the center of th& coil is a.t a point where thP. flux Hne8 a.re vertieaJL.., there is 

no net horizontal fhl.x linki:rJ.g :J .. t 11 e..nd the induced voltage is zer'o., Ii' the coil 

is above thls point there will be a Yol tage inducedD an.d i.t" the coil is below the 

point a voltage of' opposite polarity will be obse:rvedo 
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This method has been used on a pulsed electro-magnet which has a time-rate 

of change of magnetic field of approximately 5000 gauss per second and in which the 

radius of curvature of the flux lines is approximately 19 feeto The coil for this 

test was wound with aprroximately 3DOOO turns of #38 Formvar covered copper wire 

on a lo6 inch square core of linen-base bakeliteo The axial thickness of the winding 

was 1/4 inch, and its width was approximately 1/2 incho To the top of the coil were 

attached knife-ed~es by which it hung from its supporting frame (see Figure l)o 

The knifem•edges were formed from T..avi te "A" 9 which was baked after forming to give 

it hardnesso They were ground to their final sharpness after brucingo The knife= 

edges rested upon Lavite blocks that were mounted in the supporting frameo The 

supporting frame pivoted on a pin about a vertical axis through the center of the 

coiL A Luci te balancing weight was threaded on a screw protruding from the side 

of the coilo This was used to adjust the balance of the coil until its axis was .. 
horizontalo A tightly and uniformly twisted pair of #38 wires whidh was left very 

slack in order that it would exert no torque upon the coil was used to take the 

signal from the coilo The bottom edge of the coil carried two vanes which moved 

in oil baths for the purpose of damping out mechanical oscillationso A Lucite 

box around the coil assembly protected it from air currentso The box was painted 

1rith a colloidal silver preparation to provide a thin film of silver which was 

grounded and served as an electrostatic shield~ Lines were scribed in the silver 

film to minimize eddy current disturbanceso The signal was taken to the oscillo= 
.• 

scope through a shielded two~conductor microphone cableo A one megohm series re-

~ sistor was included in the circuit in order that the induced current in the measu-

ring circuit would not be great enough to produce a perceptible torque on the 

coiL 

The coil can be balanced in the field that is being testedo When the coil 

0 
is properly balanced9 it can be rotated through 180 about a vertical axis and 
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the polarity of the signal will reverse 9 but its magnitude will not changeo The 

balancing weight is moved on :its supporting screw until this condition is obtained. 

Since the only forces acting upon the coil are those of gravity and the reaction 

of the support.., the coil will now be pr~perly aligned whatever its locEI,tiona 

To make the measurements the coil is moved to various positions in the field 

until a zero signal is obtained when the magnet is pulsedo A zero signal indicates 

that the flux lines are vertical at the center of the coiL 

The measurements were.made with a Tektronix Type 512 oscilloscope using Oo3 

seco per centimeter· triggered sweep and a vertical sensitivity of 0.05 volts/cmo 

With continuously variable vertical positioning for the coil it was possible 

' to determine the positions where the magnetic flux lines were vertical to within 

* a sixteenth of an incho This means that this equipment can detect a Oa0006 radian 

change in the direction of the flux lines~ Only a mnall reduction in signal is 

introduced if the axis of the coil is not exactly perpendicular to the beam pathD 

for the voltage in~uced is proportional to the cosine ofthe angle between the 

axis of the coil and the perpendicular line. It was found that this alignment could 

be made accurately enough by eyeo 
" 

The work described in this paper was performed under the auspices of the 

Atomic Energy Commission. 

Information Division 
scb/10~26~49 
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