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SHaZTZR IV

LEAPSHIVENTAL RLBULT AYD DISCUSSIONS

Uapgnetdd Field jawvpins =i various Positiong.

In ocrder Yo investiz=ote the homoganeitf of tne —ogmetic
field of this electroiiaznet, the maznetie fieid strenztne at
various poaitions betwaen the 2.5 om. Tapwiidtn were obLbzerved
and me2sured, In the sxperiments, the space-rap beiween the
poles was divided into 5 paralled clancs, i,e. A,B,C,D ~2nd B
a8 shown in Pig., 4,1, The distanes between cach plane was
G.& eim, apart,. The plane C was on the niidlc one between the
poles. TIn each planc the abservations wevs mede at verious
r3ints,. The point.§¢50 of every plane lic on the contral axis
of the peles. Phe points zﬂ - ;éfE, _..___,3éé T znd ;éé B
lie along the circumforcnce about the central awis witn the
redius of 1,0 om. The soints 7-#’ 3, F10,.00000, F£ 15 2nd
jaz'lﬁ Yie alonzy the cirecumforence ubout tha contral axis with
the radivs of 2,5% en, zs shown in Fie, 4.2,

The resonant froquencies at various points wers messuresd
and tabtulated iz the table 4 - 1., 4and the wmagnetic field
BtrenTths were also calculated arnd taboloted in the table 4.2,
During the entire exporinent the d.c., current sup;tly was kopt
consiznt at 1.5 =aop.

The homogeneity of the rnugnetic field within 1 Sl ,
volume was also deternined at the central region of the Eap
as shewn in ¥Fiz, 4.3. The nasmetic fielad strengths were

mezsured zt the peints Fl’ Fz,......F‘E| + Theae soints wero af
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Gapwilidth of the poles = 2.5 ecm.

Diatahce between successive planes = O,4% ¢m.

Fig. #.1. " . '"he Flanes of observationms .
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The Resonant Frequencies et various Positinons by Happing with

the =, I'.

Frobe .

Rezonari

Freguencies (Mc/s),

Al
i

L.

1

Cs

b,
i

T
iy [

o

-

[ T v B B o L TS B T ¥

10
111
12
13
14
15
[16
I

21,2?50&0,0012
21,1625+0,0012
21.1250+0, 0008
21.1375+0, 0012
21.,1375+0,0012
21, 137510,0012
21,1250+0, 0008
21.125040,0000
21.1250+0, 0003

»2@.8?50;0,0@12

20.0750+0., 0012
20,8?5@i0¢eoqz
20,8750+0,0012
20,8750+0, 0012
2@,83?5£G}0008
2@.@@G0¥Q,GD12
2@.9500&@.0008

21,1250+0, 0008
21.ﬂ250i0.©0@8
21,1250+0.0008
21.1250+0,0008
21.1250+0,0008
21.,1250+0. 0008
2. 12504%0.0008
21.1250+0,0008
21.125020, 0008
EG.B?DD£0.9612
29,6?0050.0012
20,8700+0,0012
20.8675+0,0012
20.3625£p,DDﬁ2
20, 8875+0,0012
20,8875+0,0012
20,9500+0, 0008

21'1250I0+0603
2. 1250+0,0008
21.1250:+0, 0003
21,1125+0, 0008
21.1125+0,0008
21.1250+0, 0008
21,1250+0, 0008
21,1250+0, 0008
21,1250£O,GG08
20.8600+0.0012
20,8600+0. 0012
20.8625+0,0012
20,5550+0,0008
2@.85@0&@,0012
20458?5£p49012
20,8875+0,0012
20,950040, 0008

21 ,.1250+0. 0008
21.1250+0,0008
21.1250+0,0008
21,1250+0,0008
21.1250+0,0008
21..1250+0,0008
21.1250+0.0008
21;¢350i0,00o8
21.12502@,0008
20,8?20}@,@012
20,5700+0, GO08
20, 8700+0, 0008
20,865040,0008
za_aeaﬁio.am1a
20,9000+0,0012
20.58?5&p,0012
20.95ooi0.9008

21.2?5oié;dooé}
21416250, 0012
21.1250+0,0008
21.125010,0008]
21.137540,0012]
2141375+0.0012
21,1250+0., 0008
214125040, 0008
21.1250+0, 0008
20,8?505@.@0133
20.8?5oip,0012i
20.8750+0,0012
20,8750+0,0012
20,8750+0,0012
zo*goooép,cooa
20.9125+0,0008
20.95@0&0.0003

Far the gapwidth

D,C,Current supply to the clectramagnet

Modulation currcnt

The E.,F,level

= O,30—0,4%0 gm,on the galvanometer

= E_EODOiD.DOEE Clig

1,20

scale,

Arp,

100 md, (rms,. 150 /oy



Table Y2

4

Vagacsic Field Strength ot Various Pesitiens by Mapping with

the R.I7, I'-ohieo.

e

_ magnetie Tleld Surengths, (Gauss)
a Ay T B, ) c; .\ D, - E,
a ﬁ99?,65iD,EBI4962_41i6.18 h962,41750,18 | kuez, k1lo,18 499?f65i0,18'
1 hg?l,aaia,zai4962;L1io,18 4962,4170,18 Lo62 k130,18 4971,2270.28
2 &QEEdhliG.lﬂl4962¢h1iﬂ¢18 L962, 410,18 hgsa.#lio.la hogz k1lo,18
3 4965;2310;28 4952;h1i0;18 49§9;48i0,18 4962,5170,18 | h962,4120,18
it h965623io;23;4962#h1io;15 k959,480,138 | 4962,4150,18 | 4965,23%0,23
5 496§°2310;28!k?EE;hLiO,lﬂ ugee;hlio.la h962,h1$o;18 4965,23%0,28
6 4963¢&1iou18 L962,h1%0,18 | ho62,4150,18 hgﬁa,hlio.la k962,41%0,18
71bg62  L150,18 | 4962, k150,18 | boG2 ,4150,18 | 4962,4150,18 | 492, b150,18
5 #952;&116;18ghQEE;hltD;lﬂ 4962;Hli0f18 hgéz;hlio;la hg&a;h1i0€18
9 [4903,6950,28 | k902, 5150,28 | 4300,160,28 | k902,9820,28 | 4903,69~0, 28
10 4903, 690,28 |4902,51~0,28 | 4900,16%0,28 | 4902,5150,18 | 4903,69-0,23
11 |H903,6920,258 [4902,5150,25 | 4900,1.6%0,28 | 4902,51%0.18 | 4903,69%0,25
12 QBOE.EE:G.ESJhQDl{QEiOﬂES 4598,9970.18 | 4901,3420,18 | 4903,6920,28
13 14903.6950,28 h?OO;?EiD.EB nig7,8250,28 | 4900,7540,28 | 4903.6920,25
14 4906,5119€28;h@ﬂﬁ;ﬁliD;ES 4906351ia;28 1905, 56m0,28 4909:55i6;13
15 h9c9.561o,285&906;5130;28 4906;5110.28 k906,51%0,28 {4912,5020,18
16 |4921,3120,18 |4921,3170,18 | 4921,3120,18 | 4921,71%0,18 | 4921,31%0,18
e e DS NS S S S O |
For the papwidth | - 2,5000%0,0035 CTa s
O,C. current supely to the electromapgnet = L.,50 Amp,;
modulaticn current = 100 t1h o {r.m;s.} So ¢/8.

the =, .

Level

scale,

0,30 = 0,40 em, on the galvanometer
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Fig., 4.%, Observation of the Field Inhouogeneity .
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To Ubserve the Field Hoﬁogencit?;withml ce, Volume at

the @entral Reglon of the Gap.

Pasitions Resonant Frequency Hagnetic fiecld Strength
(Points) (vie/see, ) (Gauss)
Fy 21.1250 % 0,0008 hota, b1 2 0,18
T, 21,1250 & 0,0008 L962,41 & 0,18
Ty 21,1250 = 0,0008 Loz b1 L 0.18
F), 21.1250.% 0, 0008 hosz, b1 L 0,18
Fo 21,1250 = 0,0008 ho62,41 X 0,18
Fe 21,1250 & 0.0008 462,41 I 0,18
F, 21,1280 1 o,0012 Lok3,12 & 0,28
Fg 21,1280-2 0,0012 L4963.12 = 0,28
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Fig.h, b, tiod 1 . |
e Tindel for Studying the Bomogeneity of the Magnetic Field
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Region investignted in the Magnet Gap,
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the corners of the cubic voluiie. The resalts were listed in
the toble 443, From these results, we arc able to druw the
map of the asznetic field for the study of its hosmogeneity
es spown in Fig. 4.4, Fros Fiz. 4.4 we can conclude thaot the
inhonegeneity is of the order of 1 gauss over the 1 c.o.
volume and that the uniform fisld is about 4962.41 I 0.16
gruss, Thus the inhormogenelty ia 1 in 9 x IO5 OVED QNE C.C.
volume nt the center of the gap.

From the data in the tables 4 - 1, 4 - 2 and & - 3,
and by drawing magoctic field map, we con sce that there is
2 homogeneity butwesn the plane B and the plane D with the

Tedlud ol 1 G, wulb bie Sdzus LS A0L CONpLOTELY eyilndriosl,

It is elmost a coylimdrical. The erscss section along the plane

C is shown in Fijz. 4.5. But, for the radius of 2,5 cm., it is

Found that the ozeznetic field is not hotiogeneous,

Magnetic Field Strenrth Devegndence on D.0O., Jurrent supcly,

The ¢ther experiment perfermed was to find the magnetic

field sirenyth in relation with the d.c, current supzly. The

results of this may be used as 2 standaré Field for calivrating

tine negnetic field strength of the other mazneis or
electronagnets, such as that by the Scarch Coil lethod, In
this experiuent, the noint GD at the center of the plane C
was selected to be the point of abacrvationa. The magnetic
field strernzths were measursd and the d.ec. current supply te
the electronasinet was zlao varied from 1.29 anp. d.c. %o

1,60 amp. d.c. The results were listed in the table 44 and

ita

relation was shown in Fig. 4.6. Frou the graph in Fig. 4.6., we
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Table Ll--!-i-

Hﬁgnetic Field Strength Dependence on D,C, Current Suppli.

The pap width 245 Chl.
Modulation current 100 mA, (rms} 50 ¢/s.
The =f, level 0,20 % 0,05 cm. on the gal-
vanoneter scale,
0., Current Eesconant Froguency Magnetic Ficld Strength
supply to the eleetro- (e /sec. ) {gauss)
oagnet
1,60 21,9375 =~ 0,0008 5153,23 % 0,18
1,50 21,1250 + 0.0008 k962,41 * 0,18
1.45 04750 £ 0,0008 4809,7% L 0,18
1,540 20,0125 ~ 00,0012 hWo0l,08 = 0,28
1,35 19,5000 4 0.0012 4580,60 = 0.28
Dni :
1,30 18,9250 - 0,0008 Luhs 62 = 0,18
1,25 18,3375 ~ 0,0008 4307,61 = 0,18
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Fig,4.6, Magnetic Field Strength vs, the D.C,Current Supply,
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can sos thet the mamnetie field strengtns of this 2leetronagnet

are linecarly zroporticon to the 4.2, current SULpLlY .

Dependence. of the Battery Voltaze after used,

The fthird cxpericent performed wns to find tre mnaghetic
field strensth drift. This effect occured beczuse of the slight
decrensc of the voltaose of the storage batterics whil@ being used.
The 1.5 azp. d.c. current supply was supplied to the electrouaznet
zbout 30 minutes beforc the neasureument. Then tre nagnetie
field strerngtin at the woint Co £t the centor of plane ¢ was
mezsured every 5 minutes., The results were listoed on the taoble
& = 5 . The zraph of the aassnctie fiela strength ¢f, time in
min, was plotizd es shown in Fiz. A.7. We can seo that, from the

Gth minvte to the Sﬂtﬂ minute the rate of drift of the nagretic

L0506 guuss/min,, from the iﬁth ninute

field strengin is 1.17
to the 4Dth mipute: the rate is nbout 172 gauss/min., and from
the 40" ninute to the 60™ minute; the rate is 0.59 ¥ 0.06

guuasf:in.

Twe more similar runs were also modue. The rosults are

1

shown in ¥Figz. 4.8 znd Fiz. 4.9,

Ly

Discuasiona.

From the resvlts in the section 4.1, we can conclude that
the hewtoseneity of the nagnetic field at the middle realon
betwewn the poles of this Tiekford zlectromasnet is honogeznzous
ug to 1 in S5 = 103 O¥eEY On& Q.¢. Volune., The width of the
resonance pask i3 also an indicztor of houosszneity, thus
azllowing the use of the instrument for loesting the most

nomogeneous point in a field or for egtublishing the boundaries
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Drift of Magnetic Field dus to thc Battery Voltage Supply.

Time 1 Resonant Fregquency Hagnetic Field Strength
(min. ) (Mc/see.) (gauss)
0 21,1250 £ 0.0008 ho62,b1 % 0,18
5 21,125 £ 0,0012 4959,48 1 0,28
10 a;;aa?g«i 0, 0012 4953,60 = 0,28
15 21,0625 : 0. 0008 bgk?,73 T 0,18
20 21,0375 = 0.0008 hgh1,86 = 0,18
25 21,0125 = 0,0008 4935,98 = 0,18
30 20,9625 & 0,0008 hgah,24 T 0,18
35 20,8875 % 0,0012 49@6.62 ¥ 0,28
Lo 20,6250 L 0,0012 L84h o6 L 0,28
b 20,6125 L 0,0008 hah2 02 - 0,18
50 20,6125 0. 0008 4842,02 = 0,18
55 éo.ﬁooo b 040008 haﬁgroa = 0:1&
60 20,6000 & 0,0008 4839,08 * 0,13
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of the rezion in which the field iz uniform. The poor homcgeneit;
could arise {rox non-szncothness of the surfaces of phe magnstic
peles apg the proporty of zarerial of the maghetic poles, If
it was esused by the first one, it way be improved by prlishing
ite pole faces. However, the moachine weork will to o cortain
extent cause hardening in the watzrial.. Proper ammealing widl
have to be done. Thus if-the other chesical sumples were
performed, it would be hard to see the resonant perni beczuse of
the inhomogeneity of the moynetic field was too lerce. #nd thet
this elegtromagnet could not be uzed in the high-resclubion analysis.
The regults in the section 4.2 smay be used for calibrating
the magnetic field strength of the other masneta or magnctic
fields.
Froz the results in the secticn 4.3, we ¢zn s¢¢ that
the ma.cnetic fizld strensth was decreassd becauvse of the drift
of the d.e¢. current supply from the storage batteries. It could
arise frow itz enemical ctrocess or th¢e thermal effcot on the
resistance of the ceils of the electrowmasznet or both., Thus
we czn dtudy the serformance of the storage batteries by this
method., We can see that within 1 hour the rute of drift of the
magnetic field =2trength 18 net stendy. By using the relation ot
the magnetie field strength snd the d.e. current supply in
Fiz. 4.6, we can find the rute of drift of current or hgwce

the voltoze of tne storage batteries,
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