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Tae matarial In this thesis is irtsnded to be mainly s report
>f a sarisg of vxyperiments, porformsd on a numher of snmples of iron
anl sta3l witn the purpiss of osbtaining their most importunt magnetic
creractorigtios,

I have undartaksn this serias of 2xperiments poth for the grsat
interest 1 have always hed in the magnsotic pheromena in physies, a
£i1311 wnicn, for the invastigator gives tne tnriil of &n adventure in
g imain whars many of tne facts havs rot &s yet erystallized into one
rigil tanaory; &rd also on aceount of the fact toat the characteristies
T am aftar might by of holp to locsl d=signers, resstrained to the use
2f the fow kinde 2f iron and stuvel nvailsbla to thom,

I would 1ike ¢35 mention here a word sbznt tne importence of
maznatic analysis, & branch of physical investigatior which has been
prozrecging rapidly in recent years snd is proving itself to be an
inereasingly ussful tool ir the harde of the phyesieist, chomiet ari
anzin2er, who 8r3 not only ueing it in th3ir theoreticel irvestiga~
tione, but also &8 a miene to find thne % composition of alloys, in the
dataection of impuritias in moatels ani a8lso in tne locetion of flawé in
structures, I have attompted vo follow in my expseriments the general
processes of tals analysis.

I f93l compellad to seknowlsaigs here my indebtedness to Prof,

P. Antippe, who Bugg3et9old this line of work to me and 1lauter wams of
graat nelp in clearing points in the tnedory and giving aivice in the
technique of exporimants.,

I also wish to 2xpress my gratitule to Prof., J. Chevrisr who

proviisad workehop facilities in the Refinery of Tripoli.
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As was alrsady mentioned tne magnstic rroporties are of grest
importancs for electrieal sngineers; the rnecessary data for design
¢2uid be found in handibooks and catalogues, but comparing different
tableg and graphs graat diversity existt The cause of it 1lies in
the fact tnat mist of the jate ars obtainaed from the factorise which
kaep tns manufacturing process a secret anl vnat the smell percentags
2f diffeoront impurities is not mentioned in the chamicel composition,
THere is also another point; befors the war noboldy in this country
would troubla abosut making, for irstarce, & permanent magnat of cast
iron, thnsraford the concerning dets ware not nscessary., It was much
more sconomical to import produects of bigz feetories which are working
in massa3s and witn the tendsrey of using epacisl alloys. When the
import became difficalt it is of some use to know the magrnetic deta
for tte common matdrials aveilabls on the loecal markst, Tharefore,
samplag of iron and ste92l that ar9 to b9 found here and Tor which
the magnetis vroportiss have not bson sxactly determined, form ths
abjeet of investigation in thnis theseis,

Tne samples stuli2d were:

1, 3heat steel

2, Snaft steel

3. Struectural roi
4, Soft iron

5. Cust iron

* Magnetic core materials practice, Spooner, Glasebrook, Anerbach
Timbi & Bush,3lsctrical Handbook,

| _
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Nsext st9p after tice choicoe of tns sarples wag tp zive them
the propar shape for tne neoeds of the experixreants. The main work
wvas taan to 1atermine th:2 following for esch sample:

g) B-H curve |
b} Hysterssis curvse

¢} Permsablility

i) Rat3ntivity

3) Coarsivity

f) Froslica's asguation

g) Fystersasis losses.

To srrive &t this daterminavion the methods to be dsscribed
latz2r on wore usei.

Having tousg ootainad the necessary leta for each ssmple, ite
eorrosponiing curvas were drewn and constante c¢sleuisfted, The

gumrary of all thy rosults were tnen put iown in tebular form,
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An ayppraximate ds%srmination of sthe magratic provertiess of
materials is relativaly simpls, There &are many methods availabla,
howavor, ari many zinds of magretic metsrials. The method to uss
ghould b3 d2¢2rmined by tte purposs for which the tesfts are teing
mads, th? kind of matarial to be tested, the amount of ft2sting to
pe docr2, and th? spe3d ard mceuracy desirsd, Mo ore method &t
pr3e3rt availanbia is nost suivable for =ll purpoess, 4nd the progresaz
in regnatic maasurements lies rather in perfactirng methols slreaidy
known tnen in dsgveloping fundemsntslly naw onses,

As d,c, tasts £r2 goineerneld tuere ars wwd cuantitias tto ke
meagurad namaely: tne effsctive magnaetisinz Iorese end the rasulting
injuetion in theo wateriai,

Tue metrods of measuriang regnatising rirce sre as follows™;

1) Long solenpid

2) 8cienoid with ellipsocid sample

3) Concsntric air conil

4) Magnotic potential coil

5} Complateiy elosei ferromegnetic clrenit with
magznatising coil,

¢} GCompernsation mechals

7} ‘ragnatron

8) Marcury helix

Tae magnatie irduction wmeasurements may bé divided into the

. *
followingz clagsas:

* Por d9talls see ref, No. 30, page 208,
** Ref. Wo, 30, peze 204.
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1) lugnetometrie

2} Rotating elliwsoid

3) lagnatic balerce

4) Traction

5) Deflecting eoil

£} Rotstirg coil

7) Bismuth sgpirsl

3) DPolarised iigat

9) Ballistic or fluxmetsr
10) Volt-ssceond meter.

It will be not out of place, bsfore coming to tha deteiled
isseription of tho Aactually used mevhods, to give & short summary
2f soms d.c. mAthods and peymeamsters wtich are in cowron use for
thd farro-magnavic materials in medium field values,

The magnat metric meth0od is the clasesical one ussed irn esrly

ragnstie work., A lorg saumple is rmagnatissi 1ongituiinally, magnetic
pIles &rd goneratsd, which acet on a compass n3ledle placed at & known
distancs, The induction may be caleunlatzd from the defleetion of
‘the nesdle ani its distance from the sample,

In the eass the nealls is piaced equilistant from the two ends
of tns sample (tho two-pole motnod) tnd corresponding irduction is:

B = 3 weze + u

5.1
wnard:; § =~ ceross sdctioral arss of the tast rod
1l - distance batwean poles
H = norizontyal componsnt of the sarth's Tieli
8 - angle of izfleetion

Whon the nesdls 1s adjacont to ons eni of the sample it is

* Rof, Wo. 9, paga 475.
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callai single-pola matinod and undsr tris coniition

49 3% 1 x
= = Htg ¢ + H
5 1~ (5° 8
d,

d and 3 are tn9 distances from tas r9sdle to the poles, The
maznetomatriec mothod is vary simpie irn principle, but being extreme-
ly suscaptible to outgide infiluagnces is not used for commercial
purpassgs, For scilunsific invastigatiors it ras the aldvantazs of
absolute metnosd, carsble of glving resuite from the dimsnsions ani
goratants of thoe apvaratus,

The deflacting coil mathod balonge to thd eluctrodynamicesl group

and ig best illustruated by Kospssl pesrmoamiter, In tnis irstrument
the irdaction is m2asursd by means of # suspsenided coil irn & rarrow
cyiirdrical gay in the yoke., When the currsnt in the coll ie kept
eonstant tnad deflzcebion of the ¢2ll is prorortiseel vo the flux in
the maznavic circulv, which corsiate 3f 8 gemicircuiar yoke and the
serpis, This mathod is diselagsified for rsessrch work iue 9 many
ecorrvetion faectors mhich dspend on the rature and sizs of +he specimen,i
but is vary suitabls for routirs testirg &rd with starierd samples
ard vitn eare in taking meeguremrmts ani ir evrlying corrections may

e
give rasults accurats to about 5% .

The traction nethpd is based on the Tact tTrnat the rmagnetic pull
batween twd plocass 572 meRznetized watserisl is vrovortionsl to tne square;
of tne induection, as sxpruessed by Maxweil's formulas T = 5%7— Be wxx
wnarg T <~ pullirzg Toreo

A - &aras

B = induetion

*  Reaf, Yo. 9, pags 475,
** Rraf, Na, 9, paga 482; Mo, 30, poge 217; Yo, 1, vags 231.
*#** Ref, No, 1, pawgs 203,
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A fow yours agp tn3 tractive force mathod was extensively usdd
ard neny typds of permuaritsrs ware bgesd or tris rrirneiple (Phompson

arl Da Bois }. At nrasant, nowavar, th2 ballistie {(or irdueed currant}

Eggggi*nas_tne prararenes S8 thg most oY th2 convenlant &rd aceursta
ore,. ani all tn3 eoumercial permeamovsrs ars waking uss of it, 1In
Amarica tag bast knovn ari sires lonz tim2 giopted &s standari iretru~
marts Tar obtainirz te2 i,c, magnatie craresetaristics of metariuls aras::

Rirrowsg parmaanatar and Faoy Simpisx peormz2amztir. A very zood dzs-

cription of bovh perm2ametzrs is T3 vz fourd in Syoosnar Chuptsr XVIT,

* PFor balligtiec method see page 7.



Takirg int> consilaraticr thnat tre cbtained velues ureg Torx
cocmareial purposss &nd bz2cause tne laboratory equipmart ig vary
limir2i, I have cnos3r tre ballistic w2%e3d. Tesirng tag s&ma par-
migm3tar, for va2 s&s3 o comparison of rosults, I have used tha

trection m2tnod Tor on? of thnd sempil g,

I. Ballistic i2vhod,
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sirg circulsr samrvla,
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SWy - raversing switch

Disgram Mo, I
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Refarring 6o toe ahove dissrar wa not2 thet in this method
which is usg3d for tha dstermination of a ssriss of wuluis of the
neznd3tizing fores I, erd the induetion B for a zivan sample, thars

2r3 in tha s3t up twd main circuits: Ons sarving 63 control znd

rsssur2 3, torough th3 relation ¥ = U,4TNJ*
T
wh2ra: 9 1g fizld strangtn in gzillsrts por csntimatoer

¥ =~ nunbsr of turrse

J = Qurrsnt in amparss

L ~ mesn 13ngth of magnstic path in e¢srtimaeters;
ard th23 oth3r to d3tsrmine tee eorrzsyonling veluss of R, The H,
as teus detarminid, assumes uniformity of winding end uriformity
T sp3cima3n bota in rsgard to eross-sectizral srza ard 5o its
meznetic propsrtiss in diffsrant vearts., YWith regari to 3, tono
galvanometer hes to b2 calibretz2d; that is w2 must find what

tarow is produeai by & known magnstic fores™™,

Proceadurs for Testing.,

) dorrmal induetior,

The demagratization is first carrisl out, The ammeter (4)
is now sot corresporiling to the desirsd velus of H, the raversing
switen (Swl) ig op2retsd a faw timss (about 80} ¢to put the sample
ir 8 ejelic conldition., Ar obsarvatiosn »f twn2 dsflacvion o2f the
zelvanonm2tsr is now made, A furtner sst of revoersals is mads ani
tes obsarvation teken again, If tho valu? obtained is tha seme

in both observatiors 1t may bs mssumal thet the domagnetization is

satigfactory, If, nowover, ths ssconid obsarvation gives iiffaorsnt

*  Ref, Yo, 30, page b.
*% All the apparatus in the second circuit must remain unchenged,
unless the calibration is made sgein.
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vaiue to B the deragnotization was imperfect and has to be parform-

31 snes morsd, The currsnt is increasad and the procedurs repsated

until the desir:1 number of points on ths curvse have b33n obtained,
b} Yystsresis Loop.

Ths magnetizing current is set for £ max, the reversing switch
op2ratod a8 fow times., Now the currunt is dscrsased by varying the
rislstanes R, and the gelvenomstar realirg teken, The ieflection
ig proportional t0AB = Bp,x~ B. For tn2 polnts on tha negafive
313z of H opne sasculd ©3 vory caraful witn tne diraction of the
curr2nt, urleoss e spacial double-throw switeh is ussd, szach point
is obtained with raference to tte tip and in order to meintein the
continuity of the loop it is bettzr to ri:turn to the *ip by going
aroxnd ths loop instesad of following a miror loop by going direct-
iy beekz o5 tne tip, IFE the minor loor was introdueed, befors
s9taining tae naxt point on the 1po0p, sevaral reveresals shoull be
maisa. In our cass8 the first circuit is suvplisd by i.c¢, from =z 36
volts battsry., Ths megnitude of the currsnt ls adjustsd by rheostet
and m2asured by & Weston ~M 265 o, 1545 Ammetsr, Tho magnotizipg
e¢2il cumsists of & primary of N1 = 172 turns, uniformly wound all
around the clrcular sempls,

Por the purpsss of Jemagnetizing the sample aftar sach set
2f readings ther2s was introdueed an a2.c¢, {(initial current I = 1
ampars, fraquency = 50 cyeles) controllsd in magnitule through
8 rssistanca of 1480 otms, In tho caeso of Sheat stael the a,c,
dus $o its high fragueney 4id not producs the complaga deTagns-
tization 0of the sample which had to bl daragnetizedf yngcéacand
circuit for measuringz B, consisted of & sseorniary coil (Nz = 200
turns, wound on a segment of the sample) & Hibbert magnatie

standerd (numbsr of turns n = 100, flux = 33900 lines) ari & slow
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i3flucting bellistic galvanometer.
The advantages of this method &re as follows:

1} Absence of 2ni offect

2) Proosdon from tho disturbapes of g9xtornal magretic fislde !

3) Abssnce of Jolnts which elimirates leakage 1lux |
tnus ereabing very nsarly an ideal magnotic circuit for the neslds
3f ta3 exp2riment., On tke otner hend the iifficulty of the mzthod
ig in tke propsr prapgration of the sample which has to have a
rinz £orm and in winlding of tne primery coil whick should be sven=-

1y distributad over the entire ring,

B, BALLISTIC MSTHM® USING THs PSRMIAMITER,

!

) Ro9sding toval inductioanp

2) Rs3aldirng incremental induection
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Diagram Mo, 2.
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R, |
? = p2rreamster, shown on diagram Yo, 2,
Ry = Variabis resistance r2guleted by steps

Ny = ZPrimary coil = 190 turrs

do = A scearch c¢oil with a spring attached = 1Z5 turns

Diagram ifo, 3.

This methodi ie mainly 3different Irom the vreviouws cne in
its uge of the permosmetsr which sets up for straight bar samrlss
th3 same c¢l9os23 megnotic path thet was presant in & circulsr
sample, Ag is svidsnt, the advantaege of the permsesmaetor s to
maid possible taat tae experim:2nt be cerrisd on & streight bar
asample, sn advantags gained at the axpsonss of the aceurscy which °
ia now impaired dus %9 the introduction of eni effect &nd Joints
in %h? wmagnadtic path, All the same, the accuracy in this cess is
still withir the limits of commercial nseds,

The procedurs of testing is nearly the sams, oniy that the
total Induction is measured, Irn this case B is calculatsd from
the eurrent inducsd in the secondary coil which is sudisnly
r3moval from the fisld. To 30 this & spring is so attachsd that
when tna tost rod ie detached this coil is thrown out of the

clrcuit, and the galvanometser reailing taken,
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In 8 variation 2f the matuod Just deseribsd the proceass is
rondersl less vime-consuming through & procedure known as the stop-
by-step r9aiing sf th? induction which consigsts in incressinz the
carrant flowinz in the primary by steps &nd taking the reaiing of
the gelvanomater after saca step, & realding which represents the
total chanze in maznetic flux threading through the sesrch coil,
tazs not only r2wd3ring urnscessery the putting 2f the s=mplis in
tns ¢ycelic cindition, but algss 3iiminsting the nesd of snavring

tn s=2aren edil zsecn tvime,

I, FRACTION MaTHOD

iy e S i e

RGO s.}s.
d.c. >< b

v

fi R

Diagrom No, 4

Thisg mathod azain usea the psrmoemetsy for the same purpose
as in the two foregolng methods, It differs from those, however,
in tnat the injuction B is now measured by the foree roguired to

detach the sampls from ths yoke, As we notice on the diagram 4

the spring balance taxeg place of the seeondsry cireuit, The num=

bsr of 1lines broken is equal to B - H and tnerefora the force is

RTaY
éxprassed by: P =3 (B-1) é: where p is force in dynes, 4 - &rea

[ S SRS

pf the bar:; From this ecuation B $£in gaussss ::\! 1867 Pfiﬁ_Ea“EEEﬂsl :
’ #in g ) “E(ir ome) 1

rCampe.re with tns formulsa on page B.
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In the fislld of slaotro~-maznetism the shape, physicel dimen-

sions, pravious g¢lectroragrnstie history, 89 well as thermel &nd

mochanical treatment to which the material under investizations

hag bean subjs3cted, are importarnt factors that groatly influsnce

the 3lectromaznetic charsctoristics and constants. That is why

I will hers ziv: vhe definlte specifications describing the samples

o by ugad.

For th3 samrls of shest staeel in the experiment using methold

I A the sampls nad $9 be in & circular form for which purpose a

215

n

né

|
|
|

Diazgrex >, b

|

i

—_—
—_——

atrip of a material 370 cnm. longz, 2.1
e, wids, 0,045 em., thick, sftsr be-
ing thoroughly cleansi, was wound in
a cireular cake of 12 layers with the
inna3r 3iamsetsr 9,3 em. and the outser
diamster 11,1 crx:-.’;|=

Due to the strain %o wnich ths
material 8t the sdges is subjscted,
arrors in ths magnetic characteristics
are producad, PTo reduce thass erroras
the sample was wound of & dbroadsr strip.;
Thus inersasing the wiltk of the strip |
a%t the exponse of the length also hald
the additionel advantage of reducing
the difference of the inner &and the

outsr redii of the cake, and tending

towards a mord 3qusal allocation of number of turns per unit of

* ALl tha maasuremants of dismeters done by miorometer screw,
" length done by vernier,

1 1"
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longth, batweern the inner and outer sides, The ratio of reiisl
tnoickness to putsiie dismeter -%E ooms out tp ba_ _* , Whioh is

12,2
within the allowed 1imits of 1 to 1 *, Mor the experiment

on sha93t stssl, in whieh the parmaamazgz-was used a hollow tube
wag formed frow tne recetanguler piscs 91 material, of dimeneions
19 x 4,75 cx, thicknaess 0,3 cm., The outser diamseter cama dut to
ba 15,8 m=, tnus Zitting perfectly irts the borsg orf th9 instru-

P
L3
T3l va

¥y

sr the rizeining B kinds of meterisls the semples wers
prepvarsd in eyiirdrieal form, 19 cm, in length; 1,¢ cm, in diame-
tar: b- for cast iron; 2- soft iron; 2 skhaft steel, l-structursl
roi., The purras? 5 reving more than ona sampl2 9f vhe sSame matew-
rial was naturelly to 4nabls comparison of results, We obssrve
tnat th2 ratio of is9ngth to diemeter L hes the velus 12 which is
larze enoduzh to renier inappreeciabls the eni effect®™  All the
¢yliniricel samples had o be given a cleen polished suriace
sffsring minimun frietionel rasistance to the ﬁotion of the sample
within th9 bors 0f ths parmeamafer. All tho samvles ussd with the
porm3ams t2r had to 08 given such uniform diameter as to leave ths
minimum clearance between the surface of the matarial and the yoks,
gnd that to reducs the leaksge flux, Having thus shaped sll of
the ebove manticrnel samples, 1t was then necessary to iemagnetize
them, using the following process, An alternating currant of

110 volts, £ = 50 cyeles, initial J = 0.2 emp., was mada to flow

{n many turns arouni the sample end was then graiually decreased

in magnitude to zaro, lseaving no dstscteble magnotism in them, ***

*  Ref, No. 9, pags 2c9,
** Ref, No. 30, pagze 61,
*** Ref, o, 2, pag9 44,
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Magnatie flux threading through some matsoriais gives rise to
phenomsna which ard tus result of tha behaviour of the individual
atomic nuclsi, elsesrons, moleculas or ctossibly somad other eleman-
tary entity of woich the materiel is compossd, It is the behaviour
of tiis, &as yat urknown entity, which differantiates one magnetic
matarisl frow ensthsr, T0 fully d2scribs the msgnatie properties
of such materiais it wouid be ndcsssary to defire their: 1) Normsl
magnetization curva which gives the ralation betwesn the normel
iniuetion B &nd tne magnatizing force ¥, A curve whose shaps
oxhibits a striking differsres in the case of forromagnetic mate-
rialg as comrsrsd with thut of diamegnetic. For any given boiy
the stesvness of tnis curve indicates the magnatizability of the
subgstarca, This eurvd &8ls) shaows the valus of B at which satura-
tion is attairsd, Prom the strzight part of the R-H curve Frosligh's.
aguation caen v8 istarmined and ussi in many of tvhe mathematical
itscusgsions 1saling with tee magnatic propertiss of the materisil.
2) Permeabilityv}l= g’, 2 ratis thut varies with H, for any given
value of whien it zives a measurs of the ease with which the ele~-
mantary mazritie sntitizs are orientated., We may mantion the
fnitial permeabilityJHo. Phe maximum permeability)umax which is
given by the slop2 of tha fangant drawn tnrough the osrigin, The
ineremental parmacbility AM=z= A B for any position on a magne-

v T Z®
tization curve, or hysterssis loop. Special csse ofvﬂg 1s the

ravsrsible parmeabilit{)h.which is for very small A .

i e e F R S S PP ST P PO o O P S R T R L LTI L)
R T K T - : e . o S _ _

3) HAystarssis 1loop, many of whose cnaracteristics ars o use in
clagsifying magnatic materials, The intercept of the B axis gives

the measure of the retentivity (Br) whiech is the induction of the
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raterial when the magnetizing torece hes been reduecsd to zerp, The

intsrcept of tns H-axis measures ths coersive force (H,) which is

A the dsmagnetizirg force necegsary
to bring the inivetion in the mate~

FT rial to¢ zsro, When ¥ is reduced to

4B zaro from the point ¥, ths irnduc-

l -C

tion zo9s $to the point ¢ (diagr, 6).

0C is ofton called the slestic
induetion.

Hystorzgis loss is provortional to
th3 arsa of the hystsresis loop*

and 2xprosssl by Steinmetz in the

~

*

. - X %%
H  form: W, = qgm

Where Wh = hyst. loss in srgs, per

oycle, per c.c,

Diagram o, <. Bm = meximum of induction,
q = Coefficient iA3panding on the materiel,
X = sxporant, th2 mean value of which equals 1.6
Characteristics that are lass ofter mat with ineluils ByX Hys

B3yX Hy; whare tae factors ropresent velues that would give the

maximum product; Br - eoefficient of rstantivity and Br - the
Brax T

spacific raetantivity.

4) 343y current 12s8s93 are resultirg from the changs of magnetic
flux and ars provortional to vae square of the induced currents

and may te expross3ad by the formula Wy = § n2glp? *xx

Wa3ra Wy is the eiiy ocurrent loss psr anit volume, g a constant
3sps3ndiing on fha matariely n - form fector; f -~ frequancy; B -

induection., But tiuosge losses, &lthough very important, were not

datormined for the materials under investigetion and that on
*

Ref, o, 9, raze 450.
E o "o 30, page 23.
ok n 9, page 453,
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account of insdeuste laboretory facilities,

5) A 1ine of invastigation, which could not b2 carried osut due to
laboratory limitatiors, in the study of the megnetic propsrties of
the matarial aft3r it had been subjeet2d ts thermal trestmant or

at a given temperatvure,

3haat Jteel

To ietsrmirs ths above mentioned characteristics for shezat
st33l using metndd I A, the date shown on diagram No. 7 ware
ohtainad,

Dim3nsisns of ths sampia on disgzram No. ©

13

the m2en dismeter D = 10,2 ecm,
erdss ssction of meterial A = 12 x 0,0648 x 2,1 = 1,625 em?

H o= 224 UJ . 0,4172 7 _ ¢,745 J

p) 10,2
B:Y = 33900 100 4 = 10410, 4
A I. DEB. m I;t a;t

Maximun permeabilityJH max = 378 for the magnetizing force
H = 13.4 giib / cm. "
Remanznee B, = 56c0 gaussas

Cosrcive force Hc = €,7 gildb / em,

Froslich’s aquation B = & E
b+ H a
b

13000

19,56

H

Hysterssis loss Wy = 20000 srgs / cycle / ce
Jtainmetz®' coafficient q = 0U,U0lls6
Diagram iip, 8 shows tane data for shest stsel using method I B.

oputer dismeter do - 1,66 om
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inner dismeter 4d; = 0,96 cm

1l2nzth 1 = 19 en
M3an arss * A = 1,18 em®
g - 24T 87 _ 0,490 190 5 _ o555
1 9,3
B o f . 38900 100 1 . 2p9p0 &
A 1.18 125 3, dgt
Homax = 488 for ¥ = 16,3 gilb / em

Br = 3200 paussasg

Hy, = 4.6 zilb / em,

Bgy = "3 grusses

Fpoelich's squation B ¢ 14300 H
20 } ¥

dyet, loss Wy = 22800 orgs / cycle'/ ce,

Staimatz! coaff, Q = (0.00€686

S3truactural Rod sampis Ho. 1

Dlmansisrs: 1 = 15,82 mm; L = 19 ecm,

-

A = 1,95 cm

H = 25,8 d
B = 13320 Ei-
at

Prom dlagram Ho. 9 the followinz is dsiucel

Foag = 487  for d = 9 gildb / om,
B. = 4000 gausses,
5, = 5,2 gilb / em.

By = 745 gausses

# The Mean Arva was obtained by dipping tho tube in water and
calculated from the watar displacsad,
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& = 19000
b = 25
W, = 28000 ergs / cyecle / cec.

9, 00597

~D
]

15,53 mm

Sample Lz, 2 i
A = 1,% em~
Constaents obt&in=d from diagrsm o, 10

473 fsar 4 = 4,1 gzilb / om.

Jlmax
Br

4, = 5,1 gilb / em,

i

3cU0 Zaussss

a = 18700

b = 32,5

W, = 21600 ovgs / eyole / cc
q = v,00085

Sample o, 3 d = 15,86 mm

A = 1,966 em®
Diagram llo, 1lla,
S max = 503 for § = 156.35 gilb / cm.
Br = 4UC0 geusseas
H, = 5.1 gilb / em,
a = 23075
b = 30
Wy = 20950 args / eyela / ce

—

q = 0,00445
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Diagram N 10,
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For couparison from diagram lis, 1llb. we have:

tﬂ max =
B, = 2000 grusses

500 for 1 15 zilb / cno.

Ho 4,0 zilb / em.

g -~z 23525

b = 31

The traction mathod, as shown on disgram fo, 1le, givaes vary
difraroant rosulis dus to the Jifficulity of taking rsadings:
1) motion of weight
£) afiszet of ary, s8ven nmomantery, changs o1 ths current,
For tadse r2asons inetead of tcaosreticsl sccuracy of measur-
ing the forcs ( it should bs possible to dstect ths diffsrsnes of
tarce = 3 gr. wuich corresponds tolAB = 203 linas of fores } it
was possibls only to distinguisn ITores of 50 gr., 9guivalent to
43 = f 788 g&usgIs.
Using the gelvanoumetsar orns can rsad ss aceurete 2 4 = U, 00
cm. bthareforaAB = f 75 gaussas,
The traction methosd was not us3d for any other sesmple as

b2ing inconvenisnt and giving not truthful rssults.

snsaft Stesl

Samrla ifo, 4 Diszram 12, 12

i = 15.85 mm A = 1,965 cm®
Pnax® 370 ford =z 21.7 gildb / em,
By = 4000 gaussges

Hy, = 6.4 gild / em,
Bgy = 890 gausses
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Dioqram Nt A2
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0
it

a =
b =
Wh =
Sample
i =
fmax =
Br =
Hq =
Ba1 =
a =
b =
Wh =

- g1 -

17950
26,9
32200 sorgs / cyeis / co

¢, 0073

P06 O Diagrem o, 13

2

15,88 mnm A 1.9¢ om

533 for H

]

5.6 giib / em
3270 zmusseag

5,12 zi1b / cm.

39¢ pgausses

15800

£3,2

£2400 sergs / eyols / co

3,00474.

L e e -
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Diagram N 14.

~ Cast iron
: Sample Ne 6. ]

e o ot e e e et M=i28 9“5/%- o Hq
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Th3 geguracy oI ths rssults dapends on the instrumonts ussi
and ig affsetod by srrors introduced by the matiod itsslf and by
thad 2x¢$3rnal disturvsncas,

Tha apparatus cineisce o7 &r 4UM3TAr 01 th3 &ccuracy 0f 2 %,
tiad gangisiviey 9 wus oailis:;o galvanomstar is ruch wmore than
ample; as Tor the magn2tic starndsrt ths accursey of 0,6 % was

sesumsd, bl3causs tnfrd was £l maans Tl chicz the parmanency of

uncartain errors; namaly

1) Loge ir the raluctance of the yox3

2) Laezags flux throuzh air and Joints
3) Resiluel rmegnztism in the 7oxs
4) dddy-eurrants in tiod yoke {

5) srd affset,

411 this couid bo slimirsted if the sprerscus +oull ba providsi
wita a numbar of standardi sawmrlss, tqug to diatarmine the constant
of vhe permesmeter for any Xind of matorial, ard for any velus of
ths magratizing force, bacsuse as w8 knosw the errore are nobt eons-
tant tarouzhout the whols rangs of H*,

How lat us go ovs3r sow3 of the possivle disturbancag. As
¢neerning tha currant the voltags of ths battary was not vary
stabls, ani often two-succasiva readings of B, for the sams value
of the currsnt woere not 9gqual; this is 3us to small hysteresis
100p superimposad on tha msir one, 'Another 1iffizulty wae in
takinz the gimultaneous r3sdinge O0f the armater end galvenopmataer,

Tha zard cf the galivanomstzr was nsarly stable, orly affectai by

* Raf, Loy, 30, page 214,
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the loakazo flux through keys and by tne vibrations due to tha
trarms pessing by. Tus experimsnts were carrised osut urdsr ths
ggsurption that the sample hed b3sn compizt3iy lemagnatizad anji
no streins prossnt, bubt actuslly w9 30 not krow to what extent

the macnining operation will altsr the meznsvic properties, The
coniition of ths surfaes was supposed to v3 psrfact, but & thin
laysr of rust posaibly presart, is not oniy inersasing the ralue-
tance of tho Joints snormously, but alsd chanzing the uniform
digtribution of flux over the eross~sa9cticsn of the samrpls, Ths
projacting ends of the eemple may not b3 taxsn under consijors-
tion, according to Spoonsr, for points below tha knse of iniue-
tisn curva tkey 10 not give any noticeabie 3ffact, for points
ab:ve the knods tho? lengte of the spacicin projsctirg mizght troiuee
a slizht positiva arror ir thu2 magritizirz fsrea. Tae effect of
variation of temporature csn b3 omittad, bacausa these fluctuations
ara ratnar small™, The p2rsairel 3rror is also of socm9 importence,
All the eslculetions wers w2d-s on the siiid rule and by tas count-
ing machins,

Sore of ths wmentioned errors cen b3 enproximetely calculated,
but & numbar 9f them is undatermined, To find the spproximete
valud oF vhe ralucfanes of the yoke 2n eiditionyl sxperiment was
parformad in ordar to obtain the peormeability of the materisl of
thé yors at low flux 3densitias,

For a rouzh calculation 0of the r3aluectence of the yoks, the
parmaability, thus obtalrad, is sccurste 2nouzh, The peresntags
arror producsd by thne rsluctancs of ths yokd a&s compared witc the
raluctence of ths sampls, will bs diffsrent at different flux

dengitios and for sach kini of material, To giva tha idsa I have




iora thn3 computation for 3 points namely for B = 4000 gausses,
B = €500 gauss<es and B = 10000 gaussgs and for one of the samples

of shast stesl, soft iron, shaft ste2sl ard cust iron.

ey ‘B H 50 qauss

Ak

— /M_:%OO

5004

400+

300

h 4

0 10e 200 300 Loo © 500 ﬁ

Diagram No. 19.

¢ Srror dus to the reluctancs of tns yoks

for flux dsn-
ity B in Scunt s2ft 3hatt Cast
aussg3a, | AL iron st2sl iron
4000 3.0 % 9.1 % Se G4 S.07
8300 3.4 % 7.62 g, 3 5407
10000 5.22% 4,96 5.18

This 9rror is a systematic ona arld always ragative, that

m3ans that part of the rmagnatizing force is nused up to ovarcoms

tha reluctance of the yoks,

PREE



Tre reluctanceg of the Joints plays orn importent vert too, bhut
avzn approximat:iy it is imposeidi=z to acciunt for it becsuss the
cordition »f thae contact betwson tha samels =nd the yolia is unknown
trnid a8t tnat place trs distrivution 2% ths flux is rot urniiomm,

Tt part of ths lg9akags flux tarouz: eiyr bGe2trvaen the gampls

] Th? ¢oil 1s expresszd in th? formuls:

B (earr3et) = B {(obssrvai) -if *
whore ¥ z & ~ 2 - L.188

A = oc¢ross ssotion of ths coil

a = " " TooM samplia,

;@ For B = 1000) gausses this eorrvction is lz2se than ¢.1 %, Toe
. reziiual magretism 0f tna yoke gilvee veory susil cherngs of the gal-
vanan2t3r z3ro, this wies noficeabla oniy ror low valusgs 0f B,
The Jdermagrotizing effect of the enis of tho sample Jeopends

upon tne ratio of th3a lengtk to the diamatsr esecoriinz $o Spoonsr,

for % = 12 was founi to be 0,01%* and in that cass ¥ = HO—CXJ***
${ much affect2d by it, This eorrectiorn bacomasg importart in
tn3 case 07 mutsrials of high permeability, dzaling only with low
r2rmaability matorials thig factor do9e not iafiusnce much tha
Tealings and may nst b3 taken into considsration,

It might b2 of soms interest to0 nhave the statietical distri-
bution of srrors, TFor this reagon, 30 readiings of B wera taken

for & eonstant valva of the eurrent. This has baen dore for 3

iifarant valuss of B for ons of th9 cast iror samples.

* Ref. 1IJI 4.
**  Raf, No. 30, page 61,
**¥ Ref, Yo, 1, pege &2,

Ltk e ——— R R
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g - deviation from for 3 - B0O gausses

the mean.
f - frequeney

‘:6 & M4e 1o o 80 6 4 0 O B4 o w0 we w0 ot o 4 &”
f
Disgrom Mo, 20, :
: ‘¥"\ for 3 = 2000 gausses
— . ' . . . N " . . L N . . . . » ;
g [ e oo fo ¢ 4 20 0 X P &0 go o e e 160 o5
i

, Diagram Wo. 21




for B = 6500 gausses

o1 A\

%o

Ko e Iog

0 2 4o

Diangram lis, 22

) ) 100

2o i 160

Trasa disgrars ghsw the accidantel arror which represants

cae reproducibility i resulte,

The psreentag2 9rror has bsen caleulated for the flux den-

sity :f 800, 2000 erd ¢&0uU gausses,

Thd Parcentags

Arror as Calculatsd.

Flux dansity from the from the from the from the
in zausses ma3an devie-| mex* posi- {max nega- mast prob-
tion. tive devia-|tive devisa~ |able devia-
tion. tion. tion.
800 7.33 % + 17,0 - 22,4 + 4.9
2000 2,28 + 7.85 - 8.8 + 2.12
6500 Ue D9 + 1,98 - 1,77 ~ 0,31

»*

The symmetry

of ths curva

is indlcated by the extreme values,




As wg can s3¢ 1t is impossible to state ths firel eocursey

0T tn3 results, th3are are meny sources of arrors, somd of them

big,

otnors ns2zlizibvle,

A tsbls of wms2an valuss may be of some

use, whicn I fam iroluding below,

Table of All Mean Values

Sheet steel Shaft steel| Structural Soft iron Cast 1iron
rod
e — T = ——— 2 —— tq:::::T
Maximum per=
meability 408 452 487 492 178
Hyst. loas 1if _
ergs/cyole/cc 21,400 27,300 22,000 21,275 24,135
Remanence in '
gausses 4,430 3,600 4,000 3,800 3,266
Coerelve
force in 5455 6476 5.2 5.1 10.85
| gilb/em
B, x H, 25,030 20,736 20,800 19,380 35,328
Froslich's
a 13,650 18,376 19,000 20,325 13,950
Conat,.
b 19,75 2750 25 31,25 68.31
Stelimete!
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