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The measurements of midplane flux density as a function of' position 
and current are described within the framework of a general plan for obtaining 
useful magnetic fields. .De.ta. were taken point-by-point in a radial direction 
on a grid of 1 in. by 3 deg. The separate effects of currents in the main 
coil and in the 17 airoula.r trim coils were measured. 'l'hG Theoretical Group 
calculated recommended currents and the predicted fields. The predicted fields 
for combinations of currents were verified by magnetic measurements at eix 
probable operating levels. The harmonic content of the combined fields and the 
use of coils in the valleys for fine control of harmonics is deseribed. 

'l'be operation of the flux density measuring system and the positioning 
systems is described. The flux densi~ measuring system attained a resolution 
of ,t G l.lith a temperature-regulated Ball probe. The radial positioning was 
better than ,t0.005 in. using e. teneioned metal tape. The aZimuthal accuracy was 
better than 0.01 deg-by using preeisely located pins on a fixed disk. Problems 
of aurrent control and hysteresis are discussed. 

Problems of data handling, and the use of a computer to find and correct 
errors are discussed. Fin&.l. results are evaluated by comparison of predicted 
and measured fields • 
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From January through August 1961 , the magnet test group at our laboratory 

vas responsible for making detailed measurements of the magnetic field of the 

88-inoh oyolotron. During the six weeks ot the first phase (Phase I) of mee.suring, 

we determined the general suitability of the magnet, tr.ied out and developed our 

tools, trained our peraol:\001, and learned how to handle some oi our problems. 

After another 11 weeks of preparation the magnet was turned over to ues for Phase II 

of the mea.surGments •. We used 14 people !'or 11 weeks, wiijl double-shift crews on 

the magnet and on the IBM data processing. We recorded appro.xima.tely 400 000 

separate readings. Now, after eight months, -we have almost finished fina.l pro-

ceasing of the measured data. 

2. The P1an 

The general purpose of the magnetic measurements was to obtain uset~l mag­

netic fields. Three ingredients Yhioh must be controlled in a ueeful magnet are: 

isochronism, focusing, and oac1lla.ticms. The degree of control judged necessary 

or desirable bears directly on the question of what to measure and how to measure 

it. Both magnet development through the model program and theoretical analysis of 

the attained fields had sho~~ that the particular hill design was suitable, and 

that tll!D wa; spf.(ioient capaoi ty in the trim co Us to produoe useful fields tor 

* Work done under the auspioes of the U. s. Atomic Energy Commission. 
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all desired particles through most of the energy range J although the maximum pos• 

sible energies wre unknown. An examination of measurement philosophies has been 

written by Kelly; (ref '). ) We wanted to set the m.agnet close enough to a fully use­

ful field to be within "easy knob-twiddling range," whatever that is, and ve wanted 

a high-quality beam and rapid flexibility in operation. 

2. 1. Q.QirROL Ql OSC!LLATION§ 

Phase I, before installation oi' trim coils, vas primarily a check of' the 

magnet and of our measuring gear, We removed iron near the cer1ter to reduce an 

8 - G first harmonic at 6 in. radius. We added iron at the very edge of the east 

valley (Valley A in fig. 1) to smooth out the rate of change of first. harmonic due 

to the cross-overs in the main-coil conductors on the west side, We worried about 

the aross-o.vers in the leads to the trim coil platter (fig. 2) • and added a small 

amount of iron in the north valley to preoompanaa.te their estimated effects. (The 

2 
optimizing of the center region is covered by Watson in another report ) • ) 

In the second phase, with trim oo1ls, ve calibrated the valley (harmonia) 

coils (fig. 3), and tasted that we could make the first harmonic < 1 G for several 

inahes at the end of acceleration. (The proposed deflector system begins at 39 in., 

vhioh is beyond the point where \ 1 = 2 Y ) 1 Fine control of the first harmonic Y r z 

has been achieved. See ror.3) for a description of the method. 

The main effort of Phase II was in measur!ng the iron, the trim coils• and the 

combined fields. The basic steps in the program for control of isochronism and 

focusing were: 

a. Measun in fine detail the "iron n fields in one sector {.fig. 1 ) , 

b. M§asare in lesser detail the separate effects of changes of currents 

in the main coils and in the 17 oi.J'"aular trim coils, 

c. ealgulQt@ a set of optimum currents using azimutballr averaged 

main-coil and trim-coil effects, 
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d. fadist the magnetic field 1n .f'ull detail, and 

e. ~ii~ in i'ine detail the actual total field at the specitied current. 
field 

The complete o:role was done at five/.levels. The final measurements in each 

oyole wore tor a full 360 deg; these were know o.s Grand. t;sts. Additional sets of 

iron .fields (vith cu.rt-ants only in the main coils) wre measured at many intermedi­

ate field levele,·vithout the oomplete cycle of oaloulating and testing recommended 

currents. 

J. ll£:!sulrtn ot tht Grarui Terrtat 

!bw wll ve did is difficult to describe. FiguNa 4, 5, 6, and 7 show the 

basic profiles for four o1' the Gratld Tests. The adjuat..monts. to tlle actual measu.rad · · 

values were simple calculations, due ·to small difi'srences botwen tb.e specified 

currents and ~ actual C.'UI'Z'ents. 'l'he validity of the deviation is unai.'fec·t;ed. In 

each of these oases t.he solution is .for deutero.ns, and one o£ the iron maps is the 

base. '!'he maximum phase slip, for the highest fieild, is about plus and minus )0 cleg, 

The iron shapes at high field show ·Cbs inoompletaneas of our optimizing at th$ 'entt' 

radius. That radius changed from J7 ln. to ;39 in. as a. result o£ deflector studies. 

The average radial prot'ile of tho isochronous £ieidv is not shown on these graphs. 

The deviation .t'rom prediction is shown amplified in fig. s. The agreement 

in the gradient changes inside 25 i.n. is especially pleasing, and show that the 

fields oan be accurately know in the starting region from knowledge of tM currents. 

The discrepancy near the outside edge is a. valid failure of superposition in the 

region where the nonlinear et'.l"eot.s are greatest. Note that Test No. V is aotuall;r 

poorer than ~lo. I, although at a lowl@r field. 'l1w deviations are obviously related 

to the tot.e.l .field change and the total gradient oht.lnge. Everywhere tbs total changes 

are large. For instanc:e, the predicted cli&.nge in Test V e.t 32 in. is only + Z7 G. 

But this \«''.S obtained by ~dding + 10S3 G and -: 1056 G. The net i'aillll'$ is only about 

17 G. Additional iterations with the Jr.easured combined field a.a a base will be l!lloh 
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closer. Teet VI was such an iteration, but the process ot weedi.ng out errors is 

not complete, and a precise colllpari.son haa J:LCt yet been made. 

The measured fields in Tests II and III were su.f'f'ioiantly olose to the 

predicted that partioles could have been accelerated with phase slips of less than 

plus and mi,:rru.s 15 deg, with only slight changes 1n the main-coil ourrent or in the 

aco~l¢rating frequency • 
. ' 

4. Heasur!M Eguiprpeut 

The early decision to take data in a radial direction oame directly from 

the eval:uation oi.' the azimuthally averaged racial gradient as the pant.IU9ter re­

quiring highest precision of maa.surement. 'l'he selection of J deg as the standard 

azimuthal increment OEI.l1J.6 from. analysis of the modGl data, \tlhioh showed that. 40 

point.s par 120 deg uector wre required to determine the a.vex·age rudial gradient 

of the total £ield to the requested precision of 1 0/in. .For any ainglo map, the 

required resolution of the flwc density sensor oould have been larger tban the 

precision required of the average, because of the expected random nature o! errors 

of resolution, but there are other irupcrtunt factor~. The eL'.f'eats oi' ea.ah trim 

coil -were measured with an ad.tllUthal interval of 12 deg, 'Which is only 10 points 

per sector. The predicted fields are the iron fields plus the alegebraio sum of 

18 separate trimming ef:fectn. For the desired precision in the total, the errors 

of a single element must be kept as low as possible. And finally, there arG many 

possible variables in the meanurement of flux: densi t;y, as wll as raa.l time vari­

ations in the magnetic .f'ield. 'l"hat is; the ,positioning equipment is never per­

fectly r6produoible, the yardsticks used in flux density measurements are al~s 

slightly flexible, and tha magnetic fields themselves are never absolut,ely stable. 

We measured with an extra. factor in roaolut,ion in ordar to identity a:r.ry va.:riables 1 

and correct the sources where possible. 



- 5 - UCRL-10074 

Thus our overall plan of measurement placed a high premium on short-term 

reproducibility (with maximum raaolutiou), a lesser premium on long-term repro­

ducibility, and the lowest requirement on absolute value. 'l'hese role.tive ~o'tt<mces 

we.r-_e applied to the three elements of the meusureroenta J t'lux densi t;y, position_ 

and currents. 

A. The system began wit.h a stable current {about 99 mA) from a high-precision 

B. 'i'he current pa.Gi!&d through a Hall pls:t.s. 

G. The Hall plate waf.S h.eld at a. c.."'ustant teUf.Ja.n:.t.ure by a separate subsystem. 

D. r:na Hall voltage W<-'lS amplified by u fixed-gain (x;-20) D.C. amplifier • 

.:.:;. the output voltage w.as read by a. digital voltmeter. 

Tvo alamtmts oi.' the sys t~n.1, the precis.ion ou.1"rant sources and the~ temper-

a jjure r;Jgulu tor, vera pow rod through e.n A. C. line regula tor ( Gorensan Model 1 000) • 

A. ~au:nw!c .flQ).Q;QiU! - North Hills Electr·lc 1-bdel c:J-11), rha curreut sources per-
t:. 

formed eatiefactorily with some short-term noise of a. .t'aw parts in ~0-'. No long 

term drift was detec~d. Our original intention was to uae both sour·ces in parallel 

to deliver about 200 lilA. Unfortunately the tbe:n.aal time aonatants or our original 

probe holder and oven were too long (and the per!'orma.nae oi.' our original oven wcw 

terrible). Aa a result we tbgygijt t.ha.t at 200 mA the variation of paver in t.he 

probe with varying magnetic .Ciold was too high. Iu addition the current sources 

required occasional servicing, so we aoon decided to use a aingle current source. 

'fhe internal re.f'l!:lranoli voltages ot~ both sources were deliberately reduced to lass 

than 10 V ·to perzlli t frequent l.llOni toring by direct reading into the vo.l tmeter. 

B. &%J.l i\1i).§S• Thase were Siemens FC-34. The diill$nsions of the sensitive elements 

e.re about 0.23 by 0.60 in. On the basis o.f uniform response from their area, the 
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max.blW.ll err1;r ~r. the m.eaauremnt oi.' "the average gradient due to high third radial 

derivath·es· in the measured i'iold. ~·e.s calcl.l.latsd ·t.o be about 1.1 .. G/in. at a radius 

o:f 39 i~. Two ple.'U~s tofero used in our series of measure:manta, Serial Nos. 702 and 

6J4. The .failw:·o of :~ob ?02 a.nd the aging of No. 634 a.I"E-) discussed in a separate 

report by de~'orast~)./.11 Phaee n data "''uS gu.th~rcd i.:ith No. 6)1, in our boat oven. 

Thli! average sensitivity of this probe, at a.bo•.:.t 99 mA~ \o'S.S 22 lW/G. 

i'inally used worked extremely well. The first comb.1.nat1on was completely U.'laatin-

fact.ory, primarily due to the: velj~ poor perforr.lance of a Robertsh:J.w liulton crystal 

oven.. J:'or all of l"Jhusc I, om.1 model of the final t:-e.nd of ccmtroller was usad with 

some p!J!.rts (>f the oriE;ioo.l oven, and this combination gnve a lot of usr:~ful data. 

· ;nouio ::,<ls VOl'Y di['fh::ul t, r.; • .nd the iK10I' te:;J.per.:..Ltu.::·e coat:ro1 maek:ed all other vari-

motmUr.g eylimier 'W"US installed upside dot..rn. 'l'his rosul ted in ~~.11 Hw.G(:J I J.cta 

being taken at 5/B iu. ~bove the median plane). 

and a new coppar-so.ndwich Hall plate holder were tested. The last modifica-

tion ;was to enclose the entire probe and heater assembly ln a.n insulated bruns box. 

( 1) Controller unit: t.his t.'ll.G a Hallikair&::. lnstrument.s '.rhermotrol i·'lod·>l 1053A, 

which turned a thyratron on and oi'f with a cycle titne of about 1 sec. We uaod the 

output to drive a relay in a lov-voltaee 60-cyclo heater circuito 1'tw saaeor waa 

about 60Jt of platinum wlrf4, wound noniuduc.t~ively lln.d located on tho mdplane of 

the oven assembly. The iaort rasia tor of the res is tanco Ol~ictge was also located 

in tha oven. The s.djuc.;tablc arms of trw bridse wore primarily fixed reaistora with 

a h0l.tpot ouly for ·the fino control. ~'or our particular nppllcation, we rearranged 



-7 - UCRL-10074 

these resistors to make the tvo remote arms of the bridge have almost equal 

resistance (wit.hin 2%) ~hen the probe was at the desired temperature of about 

40°C. The actual set-point temperature was almost completely insensitive to 

baa ter 'tol ta.ge ; that is, the un1 t would operate at the sau temperature vi tb a 
.. 

10% or ~ 90% duty oyole. The monitoring of te;nperatura was accompliehed by 

meaeuring the voltage drop across the Hall aurrent terminals at the Hall plate. 

and 18 11counts•1 w.s about o.1ooc. A simple test of tha functioning of the system 

wae available: We observed ·the settling time after making a step change of about 

30% in th$ heater voltage. 1'he ''temperature" \lOuld swing of1' by 10 to 25 counts. 

and return to within one count within 20 sac .. 

In the usual operation, with only the input power varia'tion with changes 

in magnetic field a.a a perturbing influence, the temperature vas stable t.o plus 

&.nd minu.a 0,01°0. The aotue.l t.sm.psrature of the semiconductor heart of the Hall 

plato did, of course, vary with th~ magnetic .field, but it was only about 0,4 deg 

above the temperatura of the sensor idlen in a 20 l\G field. 1'he time constant ot 

this small pa.rt. of the system was too ~hort to measure accurately and did not 

affect our readings or our aalibre.tion. Tha:t. is • we could not complete a measure­

ment quickly enough to detect a tra11aient state. With an operating range of ± o.o1°C 

and a maximum measured temperature coefficient of Hall voltage of-0.05%;QC, the 

temperature regulation error was lese than 1 X 1o-5, which is less than the resolu-

tion of the digital voltmeter. 

( 2) Hall probe and oven assembly: This is ehovn in fig. 9, 10, and 11 • The probe 

block was mde of copper. The shape of the copper block was designed so that the 

internal heat flow, of both the Hall plate and the sensor, was away from the midplane 

towards the flat sides. On the flat sides, the heater cards provide the necessary 

power to keep the block above ambient temperature and the heat flow is towards the 

flat sides of' the brass box. The two heaters were bi.filar 'Windings of ordinary 
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fine magnet wire vound on eards. The terminal board for all leads was held at an 

almost constant temperature by locating it between the end fins of the block. The 

inert resistor was also in ~is space. The Hall plate and the temperature sensor 

were side by side in the midplane of the block. The insulation o£ Styrofoam reduced 

the required heater power to a relatively low level, and the brass box reduced any 

thermal gradients in the external environment. Additional construction details 

are in a.uot.her report 4) • 

Overall cheeks of the sensitivity to ambient temperature were made from 

15°C to .35°C. Although the heater current changed from 550 m.A to less than 100 mA, 

the voltage drop across the current aide of the Hall plate changed less than 2 

counts, or about 0.01°0. The complete assembly could 'be placed with one flat-·side 

against a cold slab of metal with no noticeable effect on the set~point temperature. 

The normal level of power to the heaters was about 1 W, whereas the internal power 

to the probe and sensor was from 0.10 to 0.15 w. 

D. FiXQQ - Olin Arnplifitr• Amplification was 20:1 (Ul·tronix matched resistors and 

Kintel MOdel 111A amplifier). The gain stability was primarily a function of the 

stability of tw resistors. The first set of 20:1 wu aseembled in baste (when we 

changed the Hall aurrent) and were 100 and 5K • With these low values the re-

sis ta.nce of the voltage leads was a eignifioe.nt factor. Because of lead failures 

we had made c~,gea to these leads before and during the measurements or Phase I. 

For Phase . II we used a matched set of 1 M and 50K , and w calibrated and 

measured with the same leads. The amplifier could be replaced at anJ time without . 
affecting the calibration. Output noise was nev$r a problem during operation of 

the system. 

E. Digi\§l XsJ.tmelrU:· This was a Non-Linear System Model V-J5. For our use, 

-the tlutomatic ranging was disconnected and w read on the 10-V scale \lith an input 
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. 
impedance of 1 000 M • The .maximum reading was plus or minus 9. m9 V. The 

least count was 100 uV. This voltmeter was both our pride and joy, and our despair. 

It vas highly linear, to better than 5 parts per 100 000; highly stable, to better 

than 1 part 1n 20 000; and it vas relatively insensitive to noise. Although oot 

a fast DVM, it never required more than ~.3 sec to balance, and usually much lese. 

But, it made mi!!WeS• It did not come to balance on a wong number very often, 

but when it did, that number went straight into the IBM cards. In hindsight, the 

condition of aggrdioo bad readings is entirely correotible, although our efforts 

during the tesUng were devoted t.o eliminating the incorrect mading of data, a 

process which was gradually more or less succeee.ful. (The very infrequent wrong 

decisions at some s tepa in the logic vera due to wear in the transfer svi tah and 

the decade switches). 

The recording of bad readings in our output data, increased our data 

processing costs by at least a factor of two, and the toleration of this error 

was the worst mistake we made. (A second uintolerable" error, which w bad to 

accept, was the mispositioning of the azimuthal latch). 

F. Dat.§ Reco:oUn&· Output voltage readings were recorded on punched cards with 

an IBM Type 517 Summary Punch. 

4.2 AM PQSITIOijiNG SYSl'iH 

The radial boom and the fixed mounting plate are show in the magnet in 

t:ig. 16. The duraluminum plate is supported on posts that are visible in this 

picture, because the trim coils were not yet iostalled. The plate is centered on 

a stubby post which defines the magnet center. On the upper surface, the .fixed 

azimuthal positioning pins are barely visible. There are 240 stainless stell pins, 

very precisely located. These pins locate the boom azimuthally by means of a latch 

mechanism. The miniraum increment is 1 1 /2 deg. e.nd the polar grid is defined to 
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about 0,005 deg, 

The radial boom is shown out of the magnet in fig. 1J, The structure is 

about 140 in. long. The boat, with its arms guiding the cables to the cable trays, 

is a.t the t'ar end, at about +50 in. The probe assembly is mounted under the boat, 

the range of radial motion is from -30 to +67 in, The azimuthal potentiometer is 

near the oenter, and the radial potentiometsr is on the near end or the shaft ot 

the drive sprocket. The shelf' for MOWlting the NMR probe was not yet installed 
I 

on the side of the channel. The assembly weighs about 200 lb, and is supported on 

four wheels and at the center bearing, The center bearing is just barely visible, 

l'he azimuthal latch mechanism is underneath the far end of the boom. 

The main .feature of' this apparatus is the tape transport system. The close­

up view in .f'ig. 14 shows the drive train. The motor is about as large as ~r~e could 

get into the apace available. The Geneva mechanism, with the control cams, vas 

an excellent device. Rotation of the driven shaft 90 deg required about 0,2 sec; 

the cycle time was about o. 7 sec. The gear pair, shown engaged, was for 1 in. 

radial increment. The dri"W sprocket, precision tape, and the troublesome fixed 

and floating idlers are shown. Also visible 1e an early model o.f' our &dge-guide 

rollers. The guiding units w.ere completely modified for use in the reduced gap of 

5 1/2 in. when the trim-ooil platters were installed. 

'l'h.ere was doubt during the measurements, as to whether we would be able to 

finish taking data before the supply of tapes ran out. We checked every day for 

radial registration at the magnet center. Towards the end of the program the eon-

dition of the t.a.pe was constantly checked and small adjustments made. But the re-

producibility vas literally superb: 1 in. was 1 in. to better than 0,001 in. Over 

6 - and 8 - hour stretches during our Grand Testa. the reproducibility at larger 

radius was checked with repeat runs, and we never had greater than 2-mi.l variation. 
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The baeldaah, or difference in position with direction of motion, was a 

function of radius, due to ohange in tension ot the tape. It was about 5 mils 

at +50 in., but we &llol'l!qs measured in the forward direction. The tape tension 

was about 60 lb. 

The a.tte.ineble azimuthal precision was very h,igh, bUt setting and latching 

was a manual operation. Failure to properly position the azi.unlthal latch intro-
I 

duced errora in the measurement of i'lux dens1 ty tba t wore proportional to the 

azimuthal gradients. Radial runs that had large errors, on the order of 0.4 deg, 

were discovered relatively quickly, and about one-third were rerun. z.bst of tboee 

runs were tediously corrected by band methods that were later refined into oorrect1on 

progr&:l'Ae. Small angular position errors, less than 0.05 deg• usually were not 

readily detecta.ble in the secondary processing, and a large number of tham, perhaps· 

1~ of all our runs, are gradually being eliminated from our data. 

The operation of the radial mechanism and flux density measuring equipment 

was controlled at the double rack show in f'ig. 15. The radial positioning was 

automatic, with several choices of start and return radii. A typical set of 68 points 

was measured while mving ra.dialzy outwards; the probe 'W8.8 returned to the start 

point in a total elapsed time of 2.9 see per point. The IBM punch determined the 

minimum time in flat fields• and the digital voltmeter plus the punch time set the 

maximum time in high-gradient fields. 

4 .. .3 ®RRJi!Nl CO:tfrROL jl{D UXf}II$ff.ltSIS 

'l'he setting of currents wus the ultimate limiting factor in our measurem.tmts. 

The main-aoil current was.controlled with a voltage divider on the regulator re­

ference voltage. Variations of the referenoe voltage supply during early measure-

mente was one of the small ta.ctors that wa found necessary to correct •. Hysteresis 

vas detectable at all .field levels, but it vas most severe below 12 kG. We were 
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not able to detect any oba..nges in shape due to hysteresis, but the level of the 

field at a kG could he di.t'ferent by rJJ or 70 G, depending on current history. To 

reduoe the e£feot ot ~teresis, the individual trim coils were measured at both 

polarities• and t.he trim-coil currents waN set before the ma.iu field was brought 

b&.ok up to its f'i.rml value. The setting ot trim coil currents was a tedious task. 

fWUrt l fa shows tvo of the JJtOst important ingre&nts of our l.ll&asureDw.mts: t'be 

~ a.t the endless task of setting and checking the currents during the measure- . 

menta. The calibration of the current shunts in the power supplies was most im­

.portant .beoe.:uae many combinations ot supply and ooils are neoaaaary tor our optilll\atr( " 

solutionS. 

the routine data processing was all done on an IBM 650. The processing 

section ·at• the .lll£i.gnet test group was responsible for delivering valid data to the : · .. : 
• I I' 

\ "' . . ~ ·. ':',,' ·~ ' 

theoretical group. This dii'i'lcult job was made almoet impossible by the raal.funetions,_ 

ot the voltmeter. 

Sinae the conclusion of the measurements • co1.11puter programs have been de... ;: · 
" 

veloped b;y P. G. \iateon and A. Albrecht to challenge our data A!l4. to correct thg .· .. 
. ,· 

errors. 11gur! 17 is a display ot' part of en iron field map at 943 A. This is :iO ' 

d.eg data to 67 in. in Sector l:io. 1. For each point, a value is caleulated by mesh. 

interpolation from the adjacent .34 values. figur2 1§ is a display o.f apparent 

errors, the differences between the calculated and measured values. Two values 

(-15516 and -2043) are wrong in this set of 680. The lower point indicates over­

lapping errors, since there is also a bad point at 90 deg. (as represented by the 

empty box). 'l'be upper point is alone and the reflections due to its error are 

outlined in a larger box. Note the symmetry. of the numbers. The numbers outside 

the boxes show tHe random variation of our data, in tenths of gauss. The only 

values greater than 1 G are in a diagonal 

.·.·,' 
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strip just below center at the right. In this region, at the nose of a hill near 

the edge of the magnet, the interpolation scheme is not good enough to identify 

errors of <. 2 G. 

In fig. 1 ~ , the same error map is mown after partial corrections. The 

upper of the two bad values has been changed by 1551 .4 0; the residuals within the 

large box are trivial. l~or the lover bad value the correction is incomplete. The 

ootRpUter mu.st alterns.te between this point and the incorrect point at the neigh­

boring azimuth; the process has Mt been finished. Each cycle of scanning 5500 

values tor the highest apparent error, correcting a single value, and reealaalating 

the 35 values of the error matrix takes less than 4 sec on the IBM 709. 

5. (f!;melp,sio.ns 

The most important conclusion io that we have an excellent magnet. The 

three-lobe symmetry is so strong that all fine structure in the. magnetic field can· 

be identified as to its source. The first-harmonic content of the fields at all 

radii is small and smooth, with or without the trim coils. 

Secondly, toleration of the recording of bad data and irregular positioning 

is -very costly: in time, money, and human effort. We did foresee most of the 

routine problems of handling bulk data, but t.he aheer quantity was not the problem. Where­

as we) recognized the necessity for taking and displaying data in a fashion that 

permitted detection of errors, but we woefully undllJrestimated the time required for 

detection and for hand correction of poor data. 

Finally, after our efforts to produce a highly stable flux dens! ty measur­

ing system, it was a disappointment to uncover the apparent aging of Hall plates. 

Since thezeis also some limit to the possible speed with which we ae.n take data 

with such a device, our enthusiasm for further development of Hall plates ie rather 

low at this time. 
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FIGURE CAPTIONS 

Plan view or magnet. {Pole diameter= 88 in.; Sector 1 me~sured to 

R = 67 in.; Sectors 2 and 3 measured toR= 45 in.). 

Fig. 2. Trim-coil leads and cross-overs. 

Fig. 3. Valley coils. {Pole side of upper coils, in position for brazing) • 

.Fig. 4. Average radial profile: Grand Test I. (Iron curve: main coli at 

2090 A; Predicted and Measured curves: main coil at 2.371 A, plus trim 

coils). 

Fig. 5. Average radial profile: Grand Test II. (Iron curvo: :;£ain coil at 

765 A; Predicted and ).Easured aurves: nfain coil at 805; plU$ trim coils}. 

Fig. 6. Average radial profile: Grand Teat IV (Iron ourve: main coil at 1470 A; 

Fig. 7. 

Fig • 8. 

l.o'"'ig. 9. 

F'redictad and Measured curves; main ooil at 1622 A• plus trim coils). 

Average radial profile: Grand Test V (Iron curve: main aoil at 1840 ~A.; · 

Predicted and Meaoured curves: main coil a.t 2106 At plus trim coils). 

Deviation from predicted field. 

Hall probe and oven: complete assembly. 

Fig. 1 0. Hall probe and ovEnu partially open. 

Fig. 11 • Ball probe and oven: midplane expoaed. 

f!'ig. 1:2. The 88-inah cyclotron ma.gnet: magnet-measuring equipment installed. 

Fig. 13. Radial boom. 

Fig. 14. Radial boom (close up of motor end). 

Fig. 15. Magnet testing console. 

Fig. 16. Operators setting and checking currents. 

Fig. 1'7. Computer output display of measured flux density (in gauss). 

Fig. 18. Computer output field error display before correction (values are 

tenths of gause). 

Fig. 19. Computer ·output field error display af'ter partial correction (values 

are tenths of gauss). 
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