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It wak the svrsess of this stwdy 2o devslony an isstruv~ -
mant pres :ble of dsternining the byetersais 29TV Eaes by
the pagnetization By o vook swsclman.  Frow sueb o ﬁﬂméw.gﬁ :
#ﬁ@ﬁﬁ %ﬁ‘%éa@ih&@ i detoresing nob aw&v 1o #waﬁgﬁnﬁﬁizﬁ@v |
'<fﬁ§ ﬂﬁ? fiegls edvsugih slubis ihe Timite af the iwt%qusna.  
but glza give code i4aa of ite vawd geologie hietoyy as ﬁhﬁﬂ:
valugs @? goarelive farﬁﬁ st PEEDLDY paEn ,$@w 1s relases ﬁﬁ:
R T

O En o3l thie vork 1 haws reoeived fros vPootor Pellane in-

valnsbls Bely and evopestions, so¥nowlesgasens of which is

naveby wads, I 2ish aleo o aﬁkm@wlﬂa%ﬁ e Bine coorsrsilion
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The srineisls of the weibod ie 2o massurs by bhe doe

tag Lhe magpnciivation

i:i
rt

,‘v

flzotion of an asindie penntic sys
vxﬁéﬁaaﬁ in w eneclzen by $he eagnesio $ield dowlce o Bal-
»amaiﬁ;_ In il fiﬁ%@ mathod choten s solencids of soual

Al =
field %%f&ﬂg%h/égibﬁﬁﬁ siogd af the roonsiie nystew a%'&ﬁﬁ&i'
Q}*i&haﬁﬂ so that thely Inflasnge on thz magnetomaiey withe
out ths ensoipen is verp, then & eawcls ig fnssrted in nne
solenedd omd the &&’3%&%&@ bug Srosucsd on the Legneionoior
fg mnewipslizee by afineting the overent In e auailisey wiod.
ing, The onrrent ?éﬁ$1?$ﬁ o nantreiies the ﬂﬁfi@@ﬁiﬁﬂ.1& ¥
rassure of the Indwetion of ihe “*“ﬁiﬂ*h arudvoss by the fisld

of the solennid,
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' ﬂm@w@ar feature of the astnilc arrangsnant of the %%%%

a@%i& ﬁv@ » & thar the effect of vhe saythis fisle mﬁ@ ﬁ%ﬁ'
f@u&u&&ﬁfams BER a%iwiﬁa%@ég im@%ﬁﬂé.ﬁf-ﬁﬁm@%ﬁ§ain§:ﬁhg,
ﬁﬁxwﬂg %gﬁé@ﬂ@n by the actish of the mugnedic fialde on n
&i? iﬁu%ﬁ & wmeinetie avaﬁ%% iv srovided for shiok Mwﬁ* f
waim? tﬂm govnl wagnets, s8ven InehsE ave¥t.  Thev ape #o %’r»
@@ﬁﬁﬁﬁ ?%%ﬁ‘&ﬁ@ suother that they exevri no y BaPouD iﬁ,&~hﬁﬁﬁw%
géﬁ&ﬁ%ﬁ field, 4% B9 axie of the iwo tolasolds ﬁ%ﬁa a@&ﬁ@gﬁ
vuat of tha lows? nugneb. whe toPous on *a'ia wuoh greatar Shun
%&ﬁ%.ﬁa tha wWISer Logney, and %ﬁﬁ~%ﬁ$éﬁ@ appdused will éﬁ'ﬁ f&ﬁﬂw
%%Qﬂ,@f @ﬁ@ 9%??@?&%&@ of the figlds oredused by £ﬁ$~é@§§&;

Thiz iﬁg;mnmémﬁ in similar o 6 nethad depovibed %@'gw»'
%ﬁénn“ In ibis m@éﬁﬁﬁ‘&vﬁiﬁgig'ﬁﬁgﬁﬁﬁie mandls e %2&&@& aﬁ‘
the soetitlon of the Lowsy maugnst fn the Iresant %ﬂn%xu%%m%*
Bince there is onlv oue magnel Sresent, ths mugnetio syetem
18 not serasised, anw’ is ﬁxwéﬁﬂﬁ~¢@ aryors sroduced by mags
netle influvctuatione, The sosition of scualibrion 1o desey-
wined ne iv cone vish the orscend instruvent, aa%awa$.~$hamk
& saecimen in inserted, the mell sceitien 15 obkained by the

w63 4,{’ n third gg;}}fgﬁmﬁﬁ shioh e the some wethod e uvsed thars

im Bhe apenait ?ﬁﬁ&aJ@' In thiv woethod 5 orlindricosl tube
filleg wish the namale 9o be tavied is weed, 80 that i@ﬁ éﬂaﬁﬁb
man soonalen the #holy voluwe of ventsr of tha solsnold. 48
moet edecissns of the eies and fors suliable for incertion iﬁ
aw goils osunst be sul frow rocks. the eay waial s¥e miverized.
Howaver, by osulesrising eaanlsy ve ohangs the gupce*$ibility

of semales,  This wu@ oroven by Pusloha Yo swperiments op powe
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dere of Gifferent fineness iw vhich he howsd nowders ¢nwiosse
of finey gralns have o @vulley ﬁw&ﬁﬁﬂﬁiﬁiiiggA%@ﬁ@'%&%ﬂ%ﬁ&yéf
gonrrer gpaif, Bedasues of Wis faet she samnlen wars aﬁ%,ﬁﬁim
verized, Wowsver, to 6o thews she calouwliiions &6 1o BuACEI-
£10311tv huve to be op wndified ws e corsest for the volume
of the sawsls,

Anosher tneurument west a¢ o gulde Ip the deigm of thie
inaipument io ons ¢escribet Ly B, 4. Jobmeon awd U, P, Sueinsr.
thie fnstrenent comelats of an astutic eyview ae %o in the
specant fautroment, but f&s?&@ 1%%@%@%; ’z‘?’«“&:% fmt %‘%’%ﬁ?& o0 %0 mea~ .
sues the awearldinility by the $%¢1$ﬁ£i@§\$? tnia @y@%&m ton
gtend of t@ix vee of a null sosiifon 58 in the szessnl TR

went, .

To oBhoose tha Ororar ololanos Letwsen the WO mamsis
of the sziatie svedtsm geverzl froiore anet be ¢ouslderad,
The fuyibher avori gﬁ; (56 magns s e D1hm86 ﬁﬁg-ggg&ggg
w$11 e the rosgliant movessnt avodussd by fhe Piglé of
the goils =8 e distanes From the lower sagpel vill re~

maln conetunt whils that from the vwrver eagnel dewrsasse,

Find

therefors. he gresier ibe distends DRIvgun 2 waunese,
%ﬁ@'%ﬁ&ﬁ@%@ the sansiclivity of tha instruvment se o geeatey
ressoring fotoe is neoegsaly Lo return the svsiam o fie
wiall wosition,

| angiker factor o be ooncldered 8 ihat the 41f7spen~
sat tu stray Tielde mav inobsane as bhe distueos botvess the
magnets Lteressss, Bisee iv 1s the curoose of this insgrus
ﬁ@nﬁ 1o antisats thacs firvay flelds If the magnais are Mlacod

ton Ta¥ soart sk the s ' feotivenase of ihe insimwant ie loss,
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por thie bPoasom the cifiunes of ssvan inobss botvasn the
Hognets wak ohasen, V*.i‘ia# Fren %‘.s@ﬁt aeneitiridyr 49 obtnined
when the mpneLs Ms* ar ridhes anglse to the axie @:2‘" the
poil, 4
1o Gotzrmine the #ff 6% of the colgnolds on the vw0
BHENAL We Pusg del pwind the fiolds ot thoee nodnte.  The
finld of & acisnofid along the ants is #- 2” 5‘[60‘9: fﬂe»]
'\ m?m T is e mmﬁém in the solenonté, € is the langth,
S i ths wurbaer of wrns and P is the sugle batweeh the
axds and the srtremisiss of ths coil at the radius of the
coll, he fisl¢ inaide the coil s thes .32 goues
wiﬁzém —g-.-/z,g ~ turge oex sentimster, The length of ?,afz&
ooil ie /7 ¢ centimstars ang dte field in oxlowmluned Bo e
417 SEuBE el the moghe? ' '

To obindn the 71:1d due to the mzim 5 eoint not on
she axie of the ool we fine frow Leene $5 that the soten-
tial for iha field JM 2 cizoplar coil ie v:zﬂff"/-,%)‘/’ccssf-»j
This ecuation 4w ziven in svberical coordinetos in ob ich sha
otigin iz »lzced at the center of the loon and ihe axie of |
e 01l is tuken s O-0° LB 1o tha Legencre 0ooffie
ciente, & ds dhes yacins of the loom and r is the A‘«:%Mmm
fron the cenis? of the laor to ths <oint at which the 0L Al
tial 4e 20 be datorrinsd, As £ in laps thattZ for the dipe
tamcss wead the bigher tsrve cen be fgnored se ve {g——f—;%t{_
vhere X 4o the distnnes elong the axis of the lood and 4 is
the dsprenddevloer dimtanee from the anis, The fisgld along ibe

Xcireotion te theh He- 25-mzafa=3_} W/



Be

1f x=r we have the condition for the field along the
8x18 of the coil. Substituting (1) we heve 4= 272Z

1f we determine the field slong the axis of & ooil by
the use of #/=2LZ%(teq -Gag)for verious pointe along the
gxis of the coil and then plot the results on logarithmic
paper, we see £ig. (1) thet the field verles st the dise
tence from the coil in which we are interested inversely
ap the cube of the distance from the center of the coil,
This wea further verified by experiments by plascing o
coil st verlous distsnces from & horigontal megnetometer
£ig. (2)s Therefoye, If I is the cuyrent per unit length
of 8 solenoid, #/=2Z4=3  :for pointe not on the nxis of

0.8 X3
the coil frop (1) #=ZZ22 (Z-2C7 tne £101d for the moge

net not on the sxis of the colls 1s 0074561 gauss.

8inee the field ot the megnet on the axie is 4.17
geuss, the field st the magnet not on the axis of the coil
can be igpored, and the resultent turning moment of the
pysten ig c=M lzfe"; [t 6,~ ot o1

apothey factor to be considered in the désign of the

1ﬁstrnment ig the pelection of s wire with the correct mod-
ulus of regidity. If the modules of rigidity is too low,

- there ia grest difficulty in placing the megnets in s zero
position by turning the torsion hesd if the flslds produced
by the opposing solenoclds do not produce equal fields.
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UERORITTION OF TRE IROTRIEEET,

AB #%ﬁ#&ﬁ bafors, ﬁh& inetymmend has an satadle moge
netlo evetew 85 srronged shat its fleld i3 neuirslized by
teg solenoide shiek 1ie i ths suwe sxic. The &ﬁﬁ%%iﬁ BV
Lan is so arronged that §% 49 suevended bv %.ﬁ@%@%@ﬁy@%m&
en that 1tp axie is servendioving to thy axis @?‘%&@ Rl R

Lo | . i ’ -
poida. 7hs eseond wagnet is olacad seven inohas from the
waymat dn the axis éf the asolonoid on $he alvsinae samnet
5@1@%? auph thot o Field would osrofiuos connier-torins
b%tw&wﬁ the bwn sugsets, The torsion rire is 2180 Aattas
ched o & torsion Bead whlebh wrewlits the ratstion of the
sagneiie syedep, ALsaohed to b maznatic gvsiew la g mir-
OV, %# manne of thie and & %ei&&aﬁﬁﬁ aprangepent, the o=
ai%iaﬁ of the mupnsiio syoten can Lo @ﬁﬁﬁgmima&@

\ veo of the orsgeing sclienolids arve oonuected in esrviee
2o that she Pields arvons eaoh othst., There io & moter oro-
vicsd o mwaswrs the current fisle ﬁaﬁgén@'ﬁhrmﬁgﬁ Mmic olir-
oyit, Tnie oirevis s awmlied by o sizevoll graPuge baitery,
In the shird ealensid she ourrsnt bas fo be controlled wneh
woye delicctelyy the elrouit ie se showe in ihe Clisgram R,

I"____A%rkNL ol dw uend for o rough ndivate

Ry
I - mant, and R, for the fing ods

Jusiment., m one and ona=half valt dryecell being used for the
gunnly, Ry the was of thie cirevit currsnse ac low as 0%

amne, mav be oaceed thiough the solenoid

B4
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OUERATION OF THE IROTRIMRNY,

ahile other orucnduras way be wesé., whe ons o be
desoribed sopEnre o olve ithe bLawt reanlis,

Bafore the sosciven iz »luced in the solznold, ithe
corsent iz suseed through the twe eoposling soluncids ot
&iﬁ syorer velve, Thess solenolds are alaced at the snne

distancs from the magned sveten and o8 close Lo ihe magned

gratyy ok 90oribls, aAfter be 291l point Fas bean ﬁm“wxminwﬂ

T Y2

&
the

he apacimen is then 2luosd In the w@zéﬁﬁié which oonitalins
only one ooil, I7 this rasdling ehoweld bs off soale. the
toraion hent l& rotnted amiil a&é mell soasition in on ihe
genla,  Then the swsoldnen is 2laged In the oolencid ~bish
oontzine only ong coil,  Then the owrent 3@ vapied in the
third oo0il aweh that the yasiing on iha @&ﬂ?ﬁ is radvosd o

the syevionely santioned ﬂﬁ?? nosition,



NIHEHESINYE OF (UaBTITIRG BEASDHED

?&wm she resulda of the hvsbtarsais curvs. w8 uee thab

sners iw o §ﬁ@§r‘ e %o he soocgiesn ot aare fleld shieb i

aail&@,rﬁmm%m% macnstien,  Foom the mavs gurve goercive foroe
ia @@fﬁwwin@@ whiok is by fleld noozusayy Lo reduts the xﬁ%%
*gg;@z‘;% masnoetisn 30 pern, Retentiviiy io theo romnund *m*‘m tian

of & svbsilopes ip 2 relation %ﬁ e maximon ssgpnsiining foree in

uhe m“%mw, or reaseebiviiy oougls 5::

In the oase of goologie evacimans 1t ie tellieved than
thess forots ars raloted o (he Sresouten and temderaivrees
zich hove Leen axtesed on ook spocisaue,. Therefors, @%ﬁ
value of renasnd sagnsiiss and cosreive force may wivs iﬁﬁ%ﬁﬁ
meiion as o the geoloplo bistwey of & rolk ensolmen.

A5 the eneciumsne which ape uwses in this insirument do

not coowry the comolely volumz ineids the solenold, 4t is necs

seasry to determing the effeot of wolume on the resulte nbiained

e this inetrumant.
ha moagnetin momant oF sn alewent of wolws: of magneiie
Se Fbe L b as .

netdension, and M ig tha sopent of sagnetie matier vhose volw

shers F o the intensity of sage

wew is Vv,

the fiald dntensilv at the 1&%@% needle dug to anothay
wagnet in the fired sosiilen of Gasen I8 Az jfﬂf - *here
/' gﬁ the moment of she ssgnst, o 1v e diotance fron ¢he cene
ver of the magnat 0 the needle cag [ 1o ons~hinlf the 1ang%ﬁ 

Sirnve the momant of tha eugoinse in F Ax Ay fﬁ:

?r&m &ai@ it iz ssen that e valus of Fomn be detewvmined



from the £ale peoessary Yo coptsnesie ihe L1419 vroduosd
by ?fm Foeeinss and the volvss of the wdagliven,  If we |
2lot the Tield to whioh the opocizen bhas been ﬁ«m@;%myﬁ(
0 sgaines %%»@fzwm nEOSBHLATY 10 PEINTO the wagnotie

| syRtem o o mi&?éﬁw%%m tor different valuse of flald

strength we cen obialn o hystsresis cveve,



CALIBEATION OF vHE IROTRIMYET

It would be sossible 1o wake selevlations in ordes
that the swsesntibilisy of the onsclsan nmight be dolad-
&iﬁéﬁg Howsver, frowm the dimenelons of the Insirunent,

é? the oolls of thse awﬁagﬁﬁiﬁilgﬁ?ﬁm@%@r arz not terfectiv
matokad these datzroingiiong would be in sryor, It was
thersfore Gotermined o calibrate vhe inetrument Dy the wes
af o 18ty seregons forric obloride ealution, v pognetic
svseentibilite of sush & volbtlon i wxo b SB878p-0.78)
rhers § e ibhe densfzy, wil o le the ozrdontege of lron
ehloride: then Ao s o/ (18755 0. 78)=¢(28x/0" ¢ |

From the theory of the inductien srodusat by a glven
field we ¥oow :hat the swioenstibility denends on the Tisld
atrength snd the volune of the edeolmen, Yo ﬁﬁ%ﬁﬁmvﬁhﬁvﬁﬁé%
@aﬁé&béiﬁﬁ?, we cun gomdars ihe magnbsication of the farric
chloride snéd thy vosolmen ab the swme fi8ld etpsnsth sep
usdt of volums of the virgin ouyve, A8 the valves obisined
frow the ovres nre cbise swall, lszes error will be =ade in
detarsination of the svoecentibility if the Lhighest value of
fisld stvengslh i used, |

. ; - . _KHY
Ta grt the suscedtibilivy wa have A= ;f, or C="z."

€=/375  “he yuilea  fe sn incirumsny oonetaet, ant K i

Suseep?ibility )
epppaneinIs sed Vihe volome, Ag o streight line can be

s

drswn through all the 2pdnie on ihe hyeterseis lood, the

supoeatibility dose not avsend 1o vary az & Dunotion of

tleld atrepgth for the ferric ohlorids s~tution, It ia alsa

10.
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sosn that thers s fno hvotsrasis lodm,

L TISOURSioN OF URVER GRTAlINER BY ™Y

IRSTEIRERT

ﬁﬁﬁﬁﬂﬁﬁﬁﬂﬂg limstesons Do le ¥o, 1.

L ohv ke dnsdroeant waw thay of

a"ﬁ

s #iret enrve obizin
& aviindriosl sveciesn, two dnehss in dismeter and six inedes
%m lemgth, The sasdls coneleted of feon filinge sorked im%@,
%iiﬁﬁﬁﬁﬁ@ﬁﬁ, v Bhoye was ﬂ&mﬁ rorsant muengtien befare the
samle waE TR, ke irer resment mopntiien. sl dosrolive fopos
was obitaived by sversging the voluew obisined, The reunsal
mainetion wap B Saues, and bn ocosvelve foros was 2.26 Jaunn,
o obqain thy @m@@&ﬁ%ih&%i%? for a field of 0,8 azse, w2 wne
e -6

she relation K= =3520X/%0°

M’ﬁ@m the snsosaiibility g Jsooxo ¢

Mepovsaion: Plmstecsns Bawnle Koo 2,
anotbex camyle of oliapeoesns £i1%ed widh irow Fillings

| wit pen shich boesver, Bad & &%ﬁ%wﬁ&% Aiffarant ﬁm@ﬁﬁ?ﬁiﬁ&iiﬁ@
thian the samnle revionsly Seated,  I4 Bad the ¥%¥%<ﬁf-ﬂ‘$%@ﬁ~
lar c»ise abowt four wnd one~hslf fnches 16ng, one snd Seven-
e%ﬁh%@_&n&&ﬂaiwiﬁ@ wol one sng sovenselohis inebee in bré@ﬁ%h,
The rewmgnnt sespesien and cooyeivs foros was (o0 euall to Le
plotted on, on the diagrar, bud were (36T moss. and (4 Caves
y#a%ﬁﬁ@i%ﬁi?‘ he swvesyidbitlity o o ﬁ@%é%&aﬁ ¥ the £iald
srrength is ehown in the Infs %aﬁr goynrr, The swsoeriibitise

at the sapihle vield ls 77exse™C.

ak the sayelds
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GRALI TR EUPIRE, QOLOBANO

snother saenle of pranite evae t3eted »hilob ves obe

selned st Bmoirs, Unloeado, This soselssnts diwesnelonw

ware 32 X22 %27, The wueomrtibility i the eartits fisle
ciRength Wi Ac#rsxn . Binee all the podanze 333 on g
shyright }i%, the m%ﬁmwmﬁw Goes DOL verY o8 2 Tonge
tion of ths #ield of mouyndtivation,  The grent Gif7epmnes
oF suapad! piBilitsy of &.hii" poaeinsn as gomonred to the T g
vious ons is one to he wirk sercentage of mrunitite oonw

tent in the »reavious earale,  Thaere ix noe hyatapesin loge

he rreoimen ctualed neyt in o Lnealt Tron e Saleton
vigs,  1te dimomzlons wers 37x2°x/" | The supcertibilisy
n# thi groeginen st the sspib*s figld le /#20 e~ %aﬁa&m
o wmiﬁk&%" Tine #3111 wsss thaoough ald the soints on the vir |
gin omgee the sueceniibility will be constant Jor &3%'%&%&@%

of the Fiald, ths mw‘wﬁw foros o /352 Gougs, and the reme

nant muenatism e . o2 doues, fhs retentivity s L—f—.‘;—’njoo “

BaSALTe wﬁ%m mwmam
4 Basalt sweoiwen taken frow the Table Houm: i‘t&,ﬁ; Baay
:riméﬁm, Golovedo wer niniied next, Iss dimsnsions oers
zif-"x.z “»/3,  The wwecentibil duy st the sarihde fi2l¢ in orxp-é
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Syenite~Empire, Colorado

The next epecimen to be studied wes @ syenite speci
men from Empirs, Colorsdo. Its demonsions were B6™x2"x2%,
The eres of the hysteresis loop was very small, but the
ooercive force is 1.332 gauss, and the yemnent megnitism is
»00334 gsuss, The susceptibility st the eartd’'s normsl
£1e1d 1s 95,8110, Since e straight line cen be drewn
through the pointe on the curve, we cen asy thet the
sugceptibility does not vary as e function of the field.
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Syenite-Empire, Colorado

The next specimen to be studied was & syemite_speci-
men from Empire, Colorasdo. Its demensions were 5"x2"x2".
The area of the hysteresis loop was very small, but the
coercive force is 1l.332 gsuss, and the remnant magnitism is
.00334 gauss. The susceptibility at the earth’s normal
field is‘9538ylo:éSincé a straight line can be drawn
through the points orn the curve, we can say that the

susceptibility does not vary as a function of the field.
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