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It is & well known fact that & moving cherge of
.electricity produces & negnetic fileld wund & moving mepgnet
induces &n electric current, consequently the modern theory
of the c¢tom mekes it likely thut an investipgation of the
msgrictic properties of elements, mixtures or compounds,
might lesd to Interesting end valusble results connected
with the structure of the stom &nd the origin of tle msgnetic
pronerties of the atom.

- The following account is a description of worxz done in
& study of one of the megnetic properties, namely the magnetic
susceontikbility, of certaln binary slloys.

Yhen a body is pluced in a magnetic field it either
concentrates or disperses the megnetic lines of force. 1lhe
intensity of megnetlsation is proportionsl to the strength
of the field.

I o= k1,
where

I 1is the intensity of magnetisstlon or the magnetic

moment per ce,

H 1s the field strength or force per unit pole,

k 1is the msgnetic susceptibility or coefficient of

magnetisetion.

Therefors, Kk = % ,

that 1s, the rstio of the megnetlic moment per cc st any polnt
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within the body to the field 1l, (provided that the body is of
such dimensions that the intensity may be regerded es uniform).

Substances may be placed in three groups according to
the manner 1In which they affect the lines of force of =
megnetic fleld.

(1) The lines of force ere concentrated to & grest degree.

(2) The lines of force are concentrated to e very suall

extent.

(2) Tric lines of force ere dispersed slightly.
lembers of cless 1 are the ferro-magnetic substances, i.e.
iron, cobalt, nickel and certain of their alloys and compounds.
A1l other mcetals end alloys belong to class 2, paramagnetic
substances, or clessz 3, dlemasgnetic substsnces. The metals
included in the first group asre also pesromegnetic, but the
value of k for these elementsvis very much grester than the
value for any other element.

For psremsgnetic substsnces k > 0, end for dlamegnetic
substunces ¥ < O.

The fact thst certaln bodles sre stiracted or repelled
when pleced neaer a msgnet was first noted by Brugmansl, in
1778, when he observed the sctlon of a megnet on & very smsll
picce of bilsmuth.

Becquerel observed & similer sction in the cese of

(o]

antimony ebout the yeer 1827
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In 1845, Faradays publishked some work which showed theat
a sufficiently strong nagnetic fleld has sn ection on
practically all substsnces &nd these substeances are either
parsmagnetic or diamsgnetic.

The nature of the magnetlsm possessed by a body, whetlrer
solid, licuid or ges, hes been determined in & verilety éf Weys.
In the case of solids the sctlon of & megnetic pole on & smell
emount of moterlal cen be observed, or the position tsken up
by & rod, pluced Lorlzontally between the poles of &n electro-
iagnet, noted. Thils second method hes be:n &polied to liguids,
the liquid being pleced in & tube suspended between tlie poles.

Ceses, contalned in = spher;cal glass enveleope, cen be
suspended betveen the poles of an electro-megnet and the geas
sllowed to rise or fell. Faredey added & little hydrochloric
scid to the ges. ~bove the apparstus, Le pleced open tubes
of smionla. /3 the ges rose, the path tsken by it could be
ocbserved ss smmonlum chloride fumes were formed.

Trese experiments sliow the nature of the maghctism
conpared with sir which is paramagnetlc on sccount of the oxygen
it contsins.

In the quentitctive study of megnetic properties, tie
velue of k 1s obtained by methods which depend on the force
exerted on the body examined when plaeced in a varylng magnetic

field.



For o very smell guentity of & substance,

it
e
<
bt
|

S
where p = the f{orce in grems
i = the fis1d strength in C.2.3. units

volume in ecca.

<
1

g 2= Sl C.0.30, units.
X = the veristlon along the exls cof symietry
cf the field.

If the substince is in tlke form of & rod,

.2
P = 2SKS
i.e. K = _23_2_:3
oy 2
wodl
ps £, Il and k haove the ssme significaunce &s in the

first foramula,

¢ 13 the orea of cross sectlon of the rod.
The flrst formula was used by Curle, Curle snd Chéneveru

N
and Jcslin.
The second formula wss usgd by othors notebly Ctefen xcyer?
o

Eecgueroi, In 1850, suspended & smalil horizontsl rod
betweon thie poles of &n electro-segrnet end from the torsion
produced he determined the engle made by tle rod with the
lines of Torce. By observing thic ectlon of different

substences in s fleld of the seme Intensity, the torslon of

the wire gave & nmcesure of the velue of k.



Boltzmann6 deduced formulae by which the sction of & coill
on a magnetie field gave values of k.

Ettingshausen7 tken messured the force with which a coil
repelled a diémagnetic rod placed inslde and near one of the
ends of the coil. 4From this he was sble to calculate k.

Rowland &nd Jacques8 weasured the time of oscilletion of
a rod of @ feab;y megnetlc substance 1In & magunetic fleld and
obtained values for k. Toeplerg employed a method of comparing
the megnetic propertles of different bodles by measuring the
induccd currents producecd in these bodies &s they moved scross
a megnetic field. Using this mstod, with Ettingshauseéo, he
mede a serles of measurements and, émongst other things, found
values for equal weights of iron and bismuth.

In 1£83, Curig, using the first formula given on pege /.
devised an epparatus for the measurexent of k. Two electro=~
megnets were placed nesr one snother &t a certaln engle. Curle
worked out the distribution of the field slong the axils of
sym.etry and at the polnt of maximum force the body was examined.
The body under observetion was contained in a glass tube
suspended from the arm of a tcrslon balance. Trhe moveinent of
the erm wes measured by the reflection cf a beam of light by s
mirror asttached sbove the balance sris, on to & convenient scals.

In 19203, P. Curie and C. Chéneveag, conastructed snsther
bslence in which the electro-maznets were replaced by one annular

magnet. This balsnce is described fully in the section on

measwrements.



The foregolng methods have ull begn applied to liquids
&nd gases. Curig studied compressed gases in the tube ettached
to the srm of Lls torsion bslance.

Schuhmeiéterll used Rowlend and Jacques§3 method to measure
the tlme of oscillstion of a tube, filled with liguid, in s
megnetic field. .

Eorgmann12 used & ballistic method for liguids. In 1€C5,
a";iedemannl5 obbtained relative values of k by measuring the force
exerted on tubes of liquid by an electro-magnet. The torsion
of the wire supvnorting the tube and lilquid gavs a nmeasure of X.

Schuhmeisterll improved Wledemsnn's method &nd, by having
his liculd in & spherical envelcpe, he obtained sbsolute values
for x.

A differentiel method bas elso been commzonly used for
liquids end gases. The megnetic susceptibllity of & body wes
obtained in alr and vacuo and then in the liguid or ges examined.

The results of these investigations, that 1s up to sbout
1903, have given values of k for most of the elcments and a
greaet many compounds. It has often been difficult to compure
results because some were a&ade with sticks of msterisl, some
with powder end some in solutlon.

By plotting stomic weights es abscissae end stomic volumes
es ordlnatdsr, & curve with well defined maxima end minims is
formed and Stefean ﬁeyers shhowed thet paremagnetic substances

fall on the descending curve snd dismegnetlic on the escending

curve.



-7 -

£

Eecquerelg, ’1‘ync1a}.1,ReichLL end others showed that k
i1s independent of the fileld H. This was supported lster
by ﬁiedemennls, Ettingshausenv, Curie4, Stefan I\ieyer5 end
others but this is not true of the ferronsgnetic metals iron,
cobalt and nickel.

Cther investigators found & relation between k and Il
in some ceases HondalS, for example, did so in hils study of
43 of the elements. It was shown to be due to the presence
of treces of iron and, for iron freec speclimens, he proved k
to be ebsolutely independent of H.

The relstion between magnetic susceptibility and

16, Metteucci17

temperature was studled by Faradays,'Plﬁcker
and others who showed thet as the tempersture increases both
parea end diemagnetism decresses.

Wiedemannls, in the case of iron, nickel, cobalt and
mengsenese salts, found that k vseriles inverscly ss the absolute
temperaﬁure.

Curie4_ind1cated that for dlamzgnetic bodies k is
independent of temperature except in the case of antimony and
bismuth, while for psramazgnetic bodies k veries inversely sas
- the ebsolute temperature.

15 carried out a similar research but he wss unable

lionda
to confirm Curie's results.

Urbeinl® has shown that, for a lerge number of binery
mixtures examined by him, the value of the susceptibility
depends directly on the smount of esch constitutent present,

that 1s, the property is strictly edditive.



Stefen Eeyers geve thoe following rules as the result of
his investigstions:=- |
(1) Two dlamsgnetic elements alweys produce a dicmegnetic
compound.
(2) Two paramagnetic elements usually produce a paramegnetic
compound.

The investigation of the megnetic susceptibility of alloys
was stimulasted by the discovery, in 1203, of the l—ienslarl9
alloys. henganese alloys, contazining no ferro-msgnetic
metals, were found to be strongly megnetic. The eddition of
aluninium, tin,‘arsenic, antimony end bismuth tc menganese-
copper contalning ZC per cent mengesnese produced a gresat
incresse in megnetic properties.

Sir Robert liadfield's workgo, in 19217, on certein msngsnese
steels, showed thet the addition of carbon, tungsten, msnganese,
silicon, chromium, copper end nicikel to certein steels, altered
the magnetic properties consider&bly.

e.g. (&) the influence of munganese and carbon on steels of

constant mangunese content is shown in the following
& A

tatle.

Retio carbon to mengenese. k x 10°
¢-Cl 78
0076 19
0-083 +17

O-l "'17



(b) Influence of nickel

Rutio cerbon to menganese dickel k x 10°
0-15 257 oG]
c-1l4 . -0 35
G.15 14-55 52
0-12 1¢+0 : 67

(c) Influence of silicon, at high texpersture.

Retio csrbon to manganese. Silicon. k x 10°
0:010 : - : 78
G-C15 6+15 24C,000

The smount of «ork done on the megnetic susceptibility of
alloys is small compered with the investigations 6f other
physical properties sucin as hardness, density, thermal
behaviour and electrical conductivity.

The following research was therefore undertaken with & view
to finding out if this particuler physical property bears
eny reletion to other properties or throws light on the

conditlons prevailing within the atou.
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PREPRELTION OO Tily LLIOY

%]

Cwing to the fact thet the ordinary chemlcel laboratory
hes the meens of obtulning high temperstures to & limlted
extent only, it was adviseble to conslider the renge of -
temperature necded for the formstion of vurilous slloys. £n
electric resistsnce furnace, giving & temperature of 1109° -
1200°C was svailsble snd conseqﬁently the slloy systens examilned
sre all fusible et a tempersture below 120c°C.

The plan of work conslsted in the examinetlion of systens
of two metals which should be completely mlscible in the licguid
condition in sll proportions end which should melt bkelow the
limit asttalinable by the svellsble epparatus, viz. 1200°%¢.

(a) Hixtureé of two paramegnetlic metals
(v) " " " diemsgnctic metals
(c) " " one paramsgnetic and onc dimmsgnetic métal.

MAn exsninstion of the freczing-point curves glven in
Landolt-Bornstein's Physikelisch-Chemische Tebellen, 168
Edition, pege £27 ct seg., led to the cholce of the following
bincry systems for Iinvestigstion -

(&) Aluminium - Tin.
(b) silver - Leed
Gold - Iead

Gold ~ Cesdmlum.
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(¢) Bismuth - Tin
Lead - Tin-
Gold « Tin
Cadmium - Tin.
¥aterisls. Pure lesd (sssay), tln, bismuth, cedmium end
alurninium were supplied by Kehlbaum. Trie lesd, supplied
in sticks, wes grsnulsted by melting end shock-cooling in
water. The tin was alresdy in granular form. The aluminium,
in blocks, &nd cadmium in sticks, were cut up snd washed with
dilute hydrochloric eocid and water. Bismufh, in sticks, was
broken'up in’an egate morter. |
Pure silver from Johnson and Yatthey wes used. This
was cut into small séuereé, washed with dilute hydrochloric
acid, distilled water &nd dried. The dried pieces were
scraped with & sharpened glass rod. | |
Fine gold, in grenulsted form, was obtaired from Johnson
end Eatthéy.
(a) Silver-Lesd Alloys.

| - 1
Nelting Point renge<o, Pb 327°C. 2g 962°C with minimum at 300°C,

Nine alloys were made 1l.e. 10 per cent lead. €0 per cent sllver;
20 per cent leed, 80 per cent silver and so on expressed in
welght per cent. | |

In esch case the welght of miXture taken wes sbout 15 grams.

The alloys\containing 10-60 per cent silver were made &s

follows:Q
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The metals were placed in & silica test-tube fitted

with & rubber cork carrying two pleces of glass tubing. One
of these was atteched to esn apparatus gilving <ry hydrogen,
(the hydrogen from & Kipp was washed in water and dried with
concentreted sulphuric ascid) and the other to & tube st the
end of which the hydrogen could be burned. In this atmosphere
of hydrogen the metals were heated over a bunsen burner uatil
molten. The mixture was kept molten for 10 to 15 minutes

end the tube well agltated.

It was declilded thst the alloy in the form of a cylindér
would be most convenlent for measuring. + mould of fine
plaster of Parils was made with cylindrical holes °4 cms in
disweter so that the rods formed could pass casily into a
measuring tube.

The molten mixture of metals was poured into one of the

cavities of the mould.



2. The alloys conteining 70 to 90 per cent silver were mzde in

en electric furnsce.

To M AN [

THERMoCouple

STIRRER

VARIRBLE
ResisTance

SihcA Core — |
wiTH

NichtOME

WINDINGS

Furnpce
Fixgy
Resisrances AMmETER

Fig 2.

A nilchrome wound resistence furnace wes connected up es
shown sbove and fed with a current of ¢9-10 amperes vhen &
temperature between 11069 and 1200°C was mainteined. Lower
temperatures then 1202°C were obtainead by plecing sdditionsal
resistances in the circuit.

The metals, in & sillca test tube, werc plsced inside
tlhe furnece &nd when molten, the mixture wes stirred for
several minutes with a silica rod. It was then cast in
moulds. |
All these slloys were silvery in colour. The 80 and 90 per
cent sllver alloys had the s&ppearance of pure silver but were

somewhat brittle.
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Lead reacted with the sillica tubes and formed a fusible slag
which flosted on the molten &lloy but rcmained in the tube
when the slloy wes poured. The only inconvenience caused by
the formation of lead sllicate lay In the fact that the tubes
were soon destroyed.

(b) Gold-lLead Allovs.

Range of melting point24, fa 106400, Pb 526°C, minimum point
st 21500,

Alloys contalning 5, 10, 20, 30, 40, 50, 60, 70, 80 and 90
welght per cent gold were made in the following way:-

18 grems of gold snd 18 grems of lead were taken in a silica
tube. This tube was heated in en electric furnace at =
temperature about 700°C.  Wren the mlxture becsme molten it
stirred well with a silica rod snd poured into & mould. &
rod c¢f alloy sbout sn inch long was set aside. Half the
residue was welghed &nd the reqﬁisite amount of lesd &dded to
make & 40 per cent gold salloy. This mixture wss treated as
ebove snd the residue used to obtain & 30 per cent gold alloy
and so on down to © per cent gold. The temperature of the
furnace was raised to about 1150°C.

The other helf of the 50 per cent gold residue was welghed
end gold added to make & 60 per cent gold alloy. Iihe residue
from this‘was used for & 70 per cent gold slloy snd so on up
to 90 per cent gold.

It was found difflcult to keecp the C0 per cent gold slloy
molten. L 1little leed was added 1n order to make the mixture

sufficiently molten to flow 1lnto the mould.
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The alloys from 5 to 60 per cent gold were dull and
resembled lead. The 70 per cent gold slloy skowed & very
faint yellow tinge end the 90 per cent gold alloy wses very
like pure gold but much harder.

(¢) Lesd-Tin Alloys.

3

felting point rang 25, Po. 226°C, on 232°C, minimum at 181°¢.
Nine ailoys were made by methcd (1) described for the sllver-
lead alloys.

£11 these were bright silvery slloys.

(d) Dismuth-Tin rlloys.
7

oA
s . : , o 0., ==
, B1 267-5°, sn 232°C, minimum 98-5°C.

lielting polnt r&ngez
Nine slloys were made exactly as in the case of the lesd-tin
alloys.

The slloys rich in bismuth were bright and very brittle.
Those rich in tin were dull &nd less brittle.

() tluninium=Tin £lloys.

b -8 e X o L ) E.é
Melting polnt rangés, Al boVOC, Sn 232 C, no meximum or minimun.

Nine slloys were made in the electric furnace which was maintsincd

st about 800°C.

The mixtures of metals wére eeslly nmelted, mixed &nd poured

into & mould.

A1l were bright silvery alloys. These alloys were examinéd fer

silicon but no trace could be found conseguently thie fear that
N

the molten s%Titen might have reduced some of the silica wes

unfounded.



(f) Gold-7in rllovs.

ar . 26 R P - . 0. <0
¥Mslting Point rangel  ifu 10C4°C, €n 242 C, minimum 217 C.

iine alloys were made beginning with the &0 per cent alloy
and using tixe successive residues with more tin or gold as in
the case of the gold-lesd alloys.

The 10-30 per cent gold slloys were éf a dullish sillver
colour. The 40 ner cent pgold &lloy had a fajnt yellow tinge
but, on the whole, wes bright snd silvery. £1loys of EC-7C
per cent gold looked very like silver end the 80 end S0 per
cent pold alloys hed the sppesrance of peale gold.

(g) Cedwium-Tin 21lloys.

oo 29 2~ e} - ﬁr’ﬂo ,‘Oqﬁ
welting voint renge , Cd 320°C, £n 2327C, minimum at 176 C.

“ine slloys were made in &sn electric furnace nmeintained at
ebout GOOOC. Some oxidation of cedmium teook place, brown
fumes were evolved and the alloys were difficult to pour.
The rods were washed carefully and examined to see that no
oxldised material remained atéached to the rod.

These were gll right sillvery alloys.

(r) Cedmium-Gold filoys.

w7 30 ze 0 & g 0 - I'I/"(*O". 2‘8
Nglting point range ~, Cd 320°C, fu 10647C, minimun 3CCTC.

6 grams of a 50 per cent slloy were mede, the furnace having a
temperature of sbout 800°C. The residue was used to form
alloys less rich in gold by the additlon of welghcd emounts

of cadmium. The temperature of the furnsce was then raised to
sbout 1150°C and a 60 per cent gold alloy nrevered. The

residue was used to make the &lloys richer in gold.
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A1l these alloys, owing to the oxidation of csdmiuwx, were
difficult to pour.

. The alloys containing 10 to 0 per cent gold were sllvery
in colour. The 47 to 70 ser cent gold slloys had & yellow
tinge; 80 per ccnt gold alioy was more markedly yellow &nd
trhe ©0 per cent gold elloy looczed like bure gold.

Prenaration of the Rods of Pure Netsl.

Silver, Pieces of silver were pleced over sn opcening in
a nmould and heated with a blowpipe. 4As the silver melted,
it flowed into tlke cavity and a rod was thus formed.

Gold. Pieces of gold were pleced over a csavity in e

mould end hested with the oxyhydrogen flame.

In the case of lead and tin, the metal was melted in &
gilica crucible and cast in & mould. Rods of sluminium,
bismuth end cadmiun were obtalned by turning the Xehlbsum

materlal to the required dlameter.



Preneration of portion of swezeimen for messureument.

In all cases the cylinders cf alloys vwere trected as
follows:~ & portion asbout hulf a centimetre long wes cut
with a rszor from the centre of each cylinder and small pieces
from elther side of this portion were snelysed. The small
rod thus obtained was found, in the first case, to wessure
*65 centimetres long snd 3% centimetres in diemeter and sll
other rods were‘cut to thkis size.

“hen the results of the snalysis showed thet the composition
of the ends of the rod did not differ by wore then (°2 per
cent, the centre plece wes prepsred for mesasurement by being
washed in dilute hydrochloric ecid, distilled water &nd dried.
The composition of the rod wes taken ss the mesn of that of
the two ends.

The cylinders of pure metals were cut to size and weshed
in the ss.e way. The main object of washin: with dilute
hydrochloric acid was to rcmove particles of iron which hed
possibly teen left during the cutting of the alloy. This
precaution has been previously shown by lizdfield &nd Chéneveaig

to be very ne¢cessary.



(t)

fnalysis of Alloys.

(e) The tin in &ll the systems contsining tin, except thet of
gold-tin, was determined g tin dloxide by the method described
In Scott, 3tenderd lethods of Chemicsl ifnalysis, page 242.

The noble netal in sll the syztemsvcontaining elther gold or
sllver wes estimated by cupellstion, the amount of the base
metsal being cobtained by difference.

The silver-iead alloys cupelled resdily and it wss not necesssry
to use any additionel lead.

The gold-lesd slloys reguired e much higher temperszture snd
little lead'waﬁ necded to complete the cupellation of the €0 per
cent gold elloy.

In the case of the gold-tin &lloys, the tin dioxide
produced delayéd the cuéellstion. it was found necessar& to
use larger cupels &nd to add s consldersble quantity of sssey
lead in crder to obtaln sstisfesctory results.

The gold-cadmium alloys presented no‘difficulty as the volatile

cedrium oxlde was soon rcaoved.
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ficsults of /nslysis.

(a) Tin estimated as cioxide.
I. leesd-Tin £lloys.
Alloy. rercentage Tin Yeen Percentsre Ltomns per cent.
1. 2. tin in rod. Ieead. Tin.

A. 9693 q6- 76 ¢ $h I-§& 9815
B. €496 8476 &4 86 Q.49 - Go-5)
C. €l 46 g1-So €l 48 -85 €& 48
D. 73-28 13-01 T3-13 I7-53 §2- 47
E. §2-49 52-71 52-60 3L - 11 6559
F. 4399 4377 43-F8 4230 87 ol
C. 36-19 35-:97 3608 504y 4956
E. 20-51 2037 20 4 44 &7-76 32-2 4
I. /13-53 13-67 13- 6o 718-50 ar-so




II. Eibsmuth-‘l’in Alloys.
£lloy. Percentane Tin. ean rercentsage ttoms per cent.
1. 2. Tin in rod. Bismuth Tin.
L T 74 T -9 T 8k g7-05 12-Q8
Be IT-69 IT- 81 »!7-}60& T2 &2 27 1¢
C. 3042 3D IS 30-28 §6-¢5 L35
D 216 ha- Tl &2+ 73 4340 S6-6o0
e j,.ct.ql 50-/7 S0-04 L38 53 - 68
¥. 57;97 $%-02 $§7-99 29-29 70-71
G. L5113 t&-01 L&- 07 2117 18- &3
L. 8256 82 26 %2 4 10-%7 8913
I. 9350 37§ 93-62 375 96-25




III. Zluriniuz-Tin flloys.
£1loy. “ercentere Tin. egn Tercentare ttowa per cent.
< tin In rod. sluninian. Tin.
i q6-19 9629 q96-2 4 305 % 6742
B §3-01 5333 83-:7v 47-06 52-94
C. 7620 7606 1613 §7.23 277
o, 6575 e#@g 6571 6770 3030
Ei kw9 w6t 49-58 €176 18-24
¥, A Ll 9% k1l 56 §6:37 1363
G 3147 379 31-63 Q0 47 q-53
Iie 19-52 20:09 I9-9s 9467 333
1. H-67 n-9s - st B q6- 95 305




Iv. Csduilun-Tin flloys.

Alloy. Percentsge Tin. leen Percentege istous per cent.
1. 2. tin in rod. Cadmium. Tin.

£ qQo0-0l g9.90 €9.95 1086 . B9 44
B-' Th- 66 Th %7 Th 76 2634 7366
C. ba:-o9 62-2] 62 18 39.19 6o &/
p. |51-92 Sl-gy S8 4983 S0 47
8. A4S 74 45 8% 48 % 5563 hhr37
Fo 2051 :U-Ao7 10:9 4 go0.00 D 00
Ge |5 49 1553 NI 523 h 77
e a6l 938 948 .00 q9-00

I. | /29 Ly I-s0 9¢-58 I 43




£lloys snslysed by cupellation.

I. &1lver-Lleed Zllova.

Alloy. welght Pecrcentage uean Percentsge Ltoms per cent

o Silver. silver in rod. Sllver. Ieed.
1. 2.

ke 969 955 962 l6-qe Fa o4
RYR-2 e T2 4 6 0 2471 75:29
C. 20-%9 20 68 20672 33.4.17 66-5‘§
D. 29.99 303 301§ 483 §-69
E. ko217 KO- 01 40'/4 §b29 4378
F. 52-41 £2.31 §2-36 67-54 32- /6
G. él-0g9 6/-3! 6l-20 7516 b &y
He  |To-86 7073 7079 £2.30 17 70
I. K4 &b 84-.91 84-‘&7 91.59 S48
J. q6-ab e 5 4 %-go" 9%-20 I §o

|
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II. Gold-leasd Alloys.

Alloy. Velpght Percentege Yean Percentage Atcms per cent.
, Gold. “gold in rod. Gold. Lesad.
1. 2. '
i 6ol 660 AN-Y-¥y 6‘1‘? 937/
I. 18 -2 n-39 n-9o g8 10

C. 20:3% 20° 39 20:3% 8 220 T& &0
C. 2500 1§01 2& 0k 290 4 70 -9
R P H1 4T Al kb k2t § ?745
r. 4733 4T 42 47 3% hg bl 5139
G. §7-97 Sg-21 Y 59.ag 4079
H. 605 67:92 | 67-9% 69 o1y 2094
I. &l-3% &1 47 &1 42 218 17 §§
J. $3:20 g3 4 4 £3- 32 §3-97 /603

Ko 8g9.06 €8 7% 88&-92 &9-39 Iy




III. Gold-Tin 21llovs.

Alloy. Welght Percenteoge Llee»n Tercentage ftoms per cent
gold in recd. Gold. Tin.
1. 2. '
. q.og §-9% q.00 5-63 7437
> 1731 1739 17-35 . -3y 5869
C. 2619 26 A1 26- 30 I17-72 £2-2 &
D. 3577 3&67 38-72 27-¢0 T2 4o
B 726 L4142 BT 34 3817 Ch &3
T. Sy §5¢ 5% 55 8 4635 53 66
a. 67 51 67 u 67-60 £8-13 bu-27
. 79-S6 1743 79-49 70-03 29.97
I. 59-7s §9.50 €9.79 Sl )5 5e




IV. Gold-Cszdmivm £1llows.

Alloy. Velght Percontsge Xeaa Percentsope Ltoms per cent.
Gola. gold in rcd. Cold. Cudmiwn.
1. < .

R 1084 n-o0q /0 96 687 9343
o Ig-51 1554 /583 176 & & 24
c. 32-23 3198 3%-09 TS 15 75
L. 39:75 39-L¢ 39-70 2732 “2.6 %
ol 4‘%8( k9-96 b s% 3600 840 0
. §5.¢5% 5570 596.‘? Ml 77 58213
G. b5 9 6677 bb-b§ SuIS LS s
. 72-93 73012 7302 6070 39. 3o
I. 5722 8’7—29. &§7.29 79 3¢

40‘62
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Measurement of Magnetic Susceptibility.

The measurements were made by means of the magnetic
4
balance of P. Curie and 0. Chéneveau and the method consisted

in comparing the susceptibility of the alloy in question

with that of'distilled water. The wvalue adopted for water
-0
was - 0*79 7~ 1lo" as given by Curie
I e
3y G /!

The instrument is a torsion balance with which the
attraction or repulsion of a permanent magnet on a weighed
quantity of a feebly magnetic substance can be measured.

TT*, figs. 3a and b, is the copper arm of the torsion
balance. .At one end is a hook carrying a glass tube, t,
containing the substance under examination and at the other

is a flat piece of copper, C, which passes between the poles



of a small.damping magnet, 4. The oscillstlons of the srm
ere thus dsmped by the induced currents which sre set up in
C &s it moves.

Below C, and parallel’to it, is & piece of copper
ettached to the centre of TT' end bent &t right sngles at
D. ilie tube, t, cen be arrsnged symmetrically tetwecn the
poles of the permenent horseshoec megnet I3 by adjusting
the weight B, which slides salong TT', and a rider oa DX,

The arm is supported by & fine platinum wire. In the
original form of the balance thc'suspension wes & platinum
wire twisted to form & loop &t esch end. |

Cnc end was sttached to a hook on the brass heed, F,
fixed st the top of the hollow brass cylinder J. The other
end was attached to a hock carrled on & piece of coppsr fixed
vertically on TT' at f. The sensitiveness of the bslsnce 1s
obviously altered by using wires of different dlemeters and
materieal.

The magnet, N, can be displaced herizontally, between two
fixed positicns, by rotation sround the axis 0. Thé movement
of the torsion wire 1s observed on & scale, graduested in
willimetres, sbout two metres away,bthe lightof a lamp fixed

below the scale bteing reflected from the concave mirror m.



Theory of the Mermetie Dslence.

l ‘;/v
G|

Fig 4.

The substance to be tested is atteched to the srm of the
torsion balance. The s&nnular magnet‘can be moved horizontaliy
80 thet its direction of motion is st right angles to the
line joining the poles. Tha substance 1is thus brought inte
a stronger and stronger ficld. |

When the tube lies between the polog of the magnet the
deflection of the bteam of the torsion balsnce is zero. The
deflection incre*ses &3 the magnet moves awsy and becomes &
meximum when the magnet is in position, 1, Fig. 4.

As.the magnet(moves back to its mean position the

deflection decreasses and becomes zero tgain when the tube and
magnet are parallel. If the megnet 1s moved still further,

a deflection in the opposite direction is cbserved and this



becomes e maximum egain when the magnet is in its other
extreme position, 2, Filg. 4.

The two positions are filxed by stops egainst which the.
support of the magnet rests when 1t 1s in either of the
maXimum pbéitions. |

The deflecﬁions sre fakén as posltive or negeﬁive, the

sign depending on whether there 1s an attraction or repulsion.

Back or Raiance Case.

Seale 0

P Q
Fq Sa.

If A is the position of the msgnet when &t the back of the
bslance case, B the extreme position towsrds the front of the
vealence csse and R the position of rest of the unloaded’
balence bteasm, the conditions for parsmagnetlic substances sre
shown in Fig. 5i. ihen the magnet is in the position A, there
is &n sttrectlon &nd tlie balunce erm lies &s nux, therefore

the light reflected from the mlirror ¥ 1lluminstes the scsle

at P. "hen the megnet 1s in the E position, the balsnce arm



is at n'm' end the spot of light 1s seen at Q.
Therefore, 1f the A resding is lurger then tre B, the

substance is poremagnetic.

Scaite O

fy S a.
The conditions for dieamsgnetic substeances are shown in
Filg.5B.

“hen the megnet is in the position &, there is a
repulsion and the balance erm lies as nm &nd the light on
the scale 1s observed at P.

When the magnet 1s in the B position, the balence arum
lies as m'n' &nd the light on the scaie is secn 8t Q. So
thout, if the A& reading is less than the B reading the
~ substunce is dismsgnetic.

The difference in the meximum deflections is observed
for an empty tube, for the tube containing & mass of

substance m, end the tube containing & known welght of



[}
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i

distilled wster, Tke water fills the tube to the same height
gs the substence under investigation snd so lies similarly

in the usgnetic field,

ir A T difference of the readings in position £ &nd B

for & substsnce msss m,

A' = difference for water mass n',
A" = difference for the empty tube,
1 - A" '
¢ . m ey s
then & = ‘é~~ié- « — = 1r where k 1s the cosfficient of

1’. A' - Ai! g1

mogretisstlon of the substence examined and k' thet of water.
k' wes taken as -0-79 X 107°, the value belng thet given
by Curieé as tkhe best value for use when weter is used &s a
éomparison substance,
This formulsa 1s only epproximate and does not take into
considerstion the msgnetisw of the sir in the epparstus.

The corrected formuls gives

e 0]

where D = the density of the substance.
The megnet used had e field of about 640 gsuss.
All messurcments were made at temperatures betweecn 16° =na 2£3°C.

Study of the magnetic suscentibllity of the vure metals end

‘8lleoys prepared.

The balence wgs srrangec on & bench fitted with rubber
shock-absorbers to minimise the effect of externul vibrations.

The material was enclosed 1n & gless tube shown in fip. 6.



Gu(«m[u\n(ult(lm(uu(

Fig 6.

The tube, 8 cms. long a&nd of an internal diameter of 05 cms.

2
£3

e

was graduated from 1its base to sbout hsalf its length.
cork carrylng s copper hook fitted the open end of the tube.
The length of hook was erranged so that the materisl in the
tube lay at the centre of the field when the tube was
suspended from the balence Team.

Some difficulty was experienced in tsking readings with
the balence in its original form. “hen the tube wass allowed
to come to rest, the magnet belng in the & or B position, the
light on the scale was not stetionary but a graduzl creep.was
observed.

Other suspensions, both plosphor-bronze end platinum, were
tested and, since the crecp remalned, it was thought that the
method of attacking the suspension to the beam &nd torsion heead

weg unsatisfactory as the hooks could essily move with respect



to one esnother. The kook on the torsion bslesnce was replsced

by the arrangement shovn in the  dlegram

AEm

Fq 1

A c¢ylindricsal plece of copper 1B wes stteched to the balence
bean. The covper wes cut down the centre from A to G. The
end of the suspension wes wrepped In lead foil snd fixed
firzly between the copoer sections by tightening the screws
D &nd .
£ similar device wes used to sttach the other end of tre
suspension to the bress hesd fixed et the tep of the hollow
¢ylinder in which the wire hung.

Llthough this suspension diminished the smount of creep
it did not eliminate 1t entirely.

It was then suggested that the creep might be due to a
strein in the suspension itself.
“hen fine wires ere drewn, streins may be set up between
successive ldycrs of the material. Scme platinum wires were

therefore snnesled.



i
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Megeury

Fiq 8.
The wire P was mounted In tvwo binding screws. +t one end
a 20 gram welght wes sttached end connected to & wire
pészing into & cup of mercury. The other end was connected
to some eccumuletors end & circuit completed through an
sumeter, a rheostet and & key es shown in Fig. &.

Peginning with a lerge resistence in K, the clrcult
wes closed and the current incressed greduazlly untill the wire
was &s hot ss the fingers could besr. The current wus then
doubled &nd kept stesdy. After helf en hour, it wess reduced
gradueally (the reduction of tempersture taking sbout helf en
hour more) to zero and the wire allowed to become.cold.

It wss noticed thut, during the hes&ting, the wire
untwisted itself - thus substsntisting the presence of struin
in the unannceled wire.

tnnesled specimens of platinuam wire of 0+05 &nd 010
millimetres diasmeter .ere mounted in the.magnetic bulence end

tested.



It wes found thet the 0-06H rmu. wire wes too sensitive
to the influence of the demping msgnet end therefore not readily
usable forr the present purpose. The 0410 @mz. plaetinum wize
peve no crcep but rs the deflections were very smsll it was
difficult to read the differences sccurately 1f the tube wes
allowed to come to rest end slso & greet desl of time was wasted
in walting for the oscillations to cesasc.

0 oscillation method was therefore zdopted. Ihe
permanent magnet wuas placed in the 4 position end the damping
megnet moved, by a bress hesd on the top of the balancé cuse,
to a position fixed by & merk on the balence csse.

The arm of the torsion balance then cscllleted repidly and,
after 10 minutes or so, the oscillstions died down sufficiently
for the movement to be easily obscrved by the light on the scale.

Five successive turning polints were teken, l.e. twice on
onc side and three times on the other end & meen calculated.
This wes repected five times snd & mesn of the five velues teken
s the position of rest of the tube uander those conditions.

The magn:t was then moved to the B position and the readings
repeated. This method proved to be entirely satisfactory sand
pgave results which were reproduczble and, in the case of the
metals, velues of k which were in substentiel sgreement with
previous work.. In this way the difference could be measured to
within 0+01 of a centlmetre on a scele 2 metres sway from the

reflecting mirror.



Detalls of one set of Yessureuents.

The docrs of the balance case were kept closed to avoid
draughts and slterations iIn tempersture. £ thermonmeter was
pleced In the balance case and resd from time to time.  The
keeper of trhe permanent megnet wes placed in & certain position
ewey from the bslence and kept there while &l1ll the measurements
were being meade., 7

£ clezn welighed tube was suspended from the srm of the
torsion balence and the rider moved until the tube hung
symnctrically between the pbles of the msgnet. The light
reflected on the scale was edjusted near the centre of the scale.
The ennulsr megnet was then moved to the & position end the zrm
allowed to oscillste.

Turning points in this end the B position were observed,
as elready describved, end the difference calculated. The tube
wag then removed and & known welight of’pure metel or slloy
inserted. The tube was suspended and adjusted exactly s&s before
end resdings repested.

The volume occupied by the pure metal or slloy was noted
and the tube filled with distilled wster to thet volume. The

tube plus water was welghed end the difference for the tube

containing wster observed.



fosults ovtained for Gold.

oy

Tube, welght 3-2 Tempersture 20-5°¢.

Ol greus.

(93]

Turning points A Position. Turning points B Position.

3295 - { 19.as
1695 29.80
32 To 19-45
1728 29.¢0
32 40 . 19- 70 24583
ops 2940
32-20 19.88 ‘
17.60 A9. 25
32-08
2000
17-¢¢ . 29 10
24879 24 5%7
3l g0
' 2018
g 08 -
3l 6§ 1899
_ ' 2030
1§28 I ] 2% 55
2 891 2048 2h- 587
19 4 S 1870
. KYEEEF IRy
210:55
1868 3 285§
3t 09 20-65
- 2% 4S8
155 - 24583
24900 -
30-90 20-78 2g-38
[19.00 20-&85 ..>
3078 ‘ 2828
19- 10 2100 'S 83
30 .54 AL 'S 83
2k €4
Mean: 24 989 Meav = 24 §¥&
Difference = T '30.




. Cqu; ’

welght 1-0788 grams.

Turning Poiats & Position.

40 -

Turning Points B Positlon.

KYAREY
138 ‘
3430
A
3408
22-900
n-qs 3375
/220 3348
12-80
22.906
’ 33:20
12.75 v
32-90
[3-00
3268
12-8%¢%
13-3p
3240
150 ’
32.8
13-70 ’
22-9%17
3 8§
I DS
31-60
1430
3t Lo
22-€94

Mean = 22. 8495

16°30
16 40
16-60
23-316
6-50
16-95
23312
1710
17.30
17 4.0
23-29¢
17'é0’
1778
23304
I7-90
& .00
g8 .
13- 294

Cifference

30-30
3010

29.98
29-70

29 -6 0

294 0

2928

29. 1o
289§

28 75

LE LS

2% 850

Mean= 23-308

=+ Ll



Tube nlus water.

- 41 -

velpght tube + weter = Z:3679 greus
" water = 1178 "
Turming points » Jositicn. Tuening polnts o 2osition.
13-30 l6-10
3520 L 3270
/360 30
LY/ £ S0 32-80
13- 9o 24 450
3k o 1678
s ) 3208
34 30 /6958
3 FE
ks - hSy
. Iu-08 A4 HSE |
24308 —
/11_.70 -70
33 50 730
]q_.qs‘ 17.50 3/50
§3-80 Lh 4S &
1520
24300 31.30
33-30 IT-70 3110
I5-§o 17-9p 30-90
i3-00 i 4850
IST0
3250 %10
2h4-316 3078
15.95 l%. 20
3258 3o b0
1o ls- 40
' Ty
32-38§ 1h hSh
ke g ang
MeaN= 24-310 MEAN= 24 AS )y -
Difference = —*lk4




- 40 -

. AT A
k (gporox) = =—2_ B, k' (see Pupe 33 )

A' - Au o

-+41 - 230 | 01178 | _5.pg x 107°
_'14 - c"_’):\ 1'576‘{}

--71 1178 .79 X 10”°
-4 1-3738

"
Ll

- - . r_i:s'— + Lpn -e79 +
k (corrected) = 11 X119 Ll C‘l(-.ll X 1g+27 l):[
= -+119 x 10”°

The Genslty of gold = 18-25%,



Feeults for 2ilver-Lleed Series.

- 43 -

wt.in | Differences. szér ‘

Yaterial |grems | Zmpty Tube Yaterial Teter|in grems| Density Temp®C.[k X 10°
QLEAD 1210 +:39 +-29 +2§ 1238 N3 19 — 13
Llloy A |-7408 +29 H-aa TRy
"B |5607 +-u . n-ie — oyl
"G Jsmo +:29 . . ) — 113

o D |-ssqy +:3l in-o7 19-5 — /2y

1l Lol-ee3y + 33 IH-oo 19 - 0Fé

! ? N7 - b2 10-92 +:299

‘ G 6767 +1- 8¢ 10-8§ +2-02

| 5605 +2-09 10-70 +2-23

"I {eq70 +1-37 D63 +1-30

C 9 a0 T4 - Io-S1 + oAy
Silver 1210 +-31 + 0§ +03 by 10:14.7 - 13%

*Density values given by E.Za,ey.‘il
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Results for Gold-Tlesd Secries.

wt.in Cifferences. wgzér )

Yaterisl | grams |Empty Tube katerial Veater | In grems *Density Temp®C.|k X 10°
L,ead “Tai0 +:39 +-29 +2% 1235 3% 19 =13
~lloy & | 9700 +:03 - 73 ~0 | 1252 TR 21 —1 16

"B 1762 - 4SS 12 0% -9l

" C llrosge - - 4Ss )2 §2 al- 5 - b7

“ D |93 - 26 1300 — 47

Y RE |1ras30 41y - 13-92 +-20

" F | -9qass + 43D - a +:09 1§ 4 14 3% 228 | -2

"G |-%99s - --27q 1S- 0% al- 8 |~--33
,'3;,3" H o |rawys Y 1S 7% 22 -2l

"I |1ragg9a - 48 1722 =29

AR O T Y -l 17-42, | 22-2 | --33

" K |l3ogs -l . 179 & - 05
Cold I 3768 = at |- | 7w 19-27 20§ |- o
7

1 21
Density values given by lsey.
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Results for Lesd-Tin Series.

wt.in Differences. szér
ifaterial | grams| Empty Tube Material. Water.| in grams *Density Temp®C{ k x 10°
-%Q‘LTIN ‘512 -1 + 02 - kb e 7.29 20 + 05l
blloy A |-5613 +24 +eki -:33 hqb 7-36 22 +-850
"B |hesp +:30 T-70 +-01%
"¢ |'§3af +-30 17% +- 01k
" D |e61%% t28 .68 +- 007
" B 6497 LR 50 Y
TOF |sses o - 913 Iy
Ly O|reeds e q-us ~- 063
T H |18 -l . o
"I |ey7s -9 o o
Lead 7210 +39 +29 +2% | .a3s ”"38 " 3
i

*Density values

given by Maey.“l

()
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Results for Cold-Tin Eeries.

: A Wt
Yaterial | grems | Smpty Tube laterisl Water |in grams ["Tensity [lemp®C.|k X 109
JEATiN 5812 - 402 - hb 1123 729 ao +: 051
Alloy i ['S122 + 07 +:23 +:29 1218 774 16 —*I/S0
" B .60"'5 " +"l3 bl 8'10 __.045
"¢ |toagq : 20 : . €6 ‘ e
"D |-e30l t:32 + +19 196 qQ-5% IT-§ .25
" In X282 u - 06 10-2.% ) -4 2
'F [1387 | --ss + 33 +-02 Eyan -3k -5} —--27
TG [1997 " +us . - 250 ) --16
=3
g lqigo " 415 . . Ih b6 . -1k
. -3
v I .q“,,7 " +-17 6 ¥ § 7
Gold I'376 & +:30 -4l -l 11 19-27 20- 8 ~ g
=@
21

*Density values given by laey.
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hesults

for Bilsmuth-Tin Series.

wt.in Lifferences. wzgér
teterial | grems |Bmpty Tube, Naterisl, ¥Yater,|in graus “Density |Temp®C.| k x 10°
]
ﬁ;smuth 6o\ +-39 --3b +:29 1086 9-82 20 =112
Iiloy & ‘6705 -2 -0 - 46 NIEE] q-57 — -04%
RS RPPe + 19 + -1l =07 | -n2s q-2% - onq
o C |r66ss -03 ¥ 91 - 118
" D 16748 —~ 18 . §-57 N
" L | 5762 - 08 40 - I8
v |esbug + Iy g2 - 03§
;_%" G {6310 + N 797 - 0K b
T w |isaod + 1§ 7 b - o3¢
" I |-s3go + 19 7oy _b1s
Tin 8¢l -1 + o2 -k b 1A T 29 .05
=Y

o

*ronsity values given by Haey.“
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liesulte for Aluninium-Tin Sories,

wile
wt.in Liffercnces. weter. )
Naterlel |eroms [tmpty Tudbs Xeterlel Vster |in greans| Lensity rempC. [k x10° -
"5":6 o
' u‘.‘i.‘il"l ‘Asglz - 12 +:°02 -hb o e & 1 29 20 +-08]
£lloy & |-s023 | +-23 +-27 +t28 | -1208 6 88 17 ~-019
"B |'32%0 - 48 -2y -2y ‘12 0% 5S4 20 - 30
v o lasis — 09 -~ 19 l+ua 120§ 5. 0% | 8 —1-03
H ";, .3387 “ -_— ‘I6 . . l‘-'u.(: ) et '67
"R 5332 | +.09 +-£3 +29 - | +r228 3% . - 40
V }‘ ‘5‘“0 __-ug __.Iq ...14_ .,201 3.5‘4 20 —'QO
=2 G |'Skss | - .09 t20° |+29 122§ 322 & -:03] -
"
u -$591 -0 —.
? o Lpe =10 iz §1 300 - 05
1 :
I 2058 | +-1 :
7 +|q +h~3 (10 &6 , 2'8‘6’ - —043
Aluminiuwa|-2127 | +-02 -804 4
(s’ ]
IS0 2-L% 17 & + by
sl
3% :2
Tensity velues glven by Shepherd.
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Cadmium Tin Series.

*pensity values given by Liaeyzl

wt.in Differences. _ v:gtér .
aterial |grams | Hmpty Tube Material Weter in greams | *Density | Temp®C. |k x10
-

Tin 5512 -1 +:02 ~hb 1123 7-29 20 +-051
Alloy A $516 + 27 +29 + 1% L1036 7 wo 22 03
"B ['Shu +:28 758 +013
" C -s§7| +-2b . g 75 oty

B Tae &9 --022 .
R R A traa T 9% - o049
= U e 33 ~ous
I N P +19 _ ¢ na gy
" I l.e320 . +26 . ¢ 50 - 019
RS tas ) %63 - 538
Cedmium |.5%33 416 X + 19 16506 ¥69 ‘9 cns
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Gold Series.

. .‘-'"‘.{:0'
heteriel | grems | Bmpty Tube Nsterisl wcter |in gruws| Donsity|Temp®C.lk x 1c°®
h
Cedmium [*5433 +- 16 -09q +19 "Ivsb g b7 1 -ne
Allov & |-eSN +-29 +- 4l +07 ‘107 9-5% 23 + 070
o ey +3b 1o too bl
v C |63y +-367 has +-050
YD [eTa3 - +:2al n-7o -1
o ) . ~ . -8
£ 16035 +-19 87 --07!

o 5 Th%3 + '3 . 1313 + o4y
= ¢ |l t+ ko - - IS0 : t:ok4o-
R R S (VA +-37 1S q Trok2

It - . . 1
I |roo7a tean I7-69 - o2l
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Values for the denslties of cudalumiegold alloys could
not be found and they were determinsd.
£ microburctte wss cclibrseted with mercury, the level of the
mercury belng reed with « cat‘eton;ter.
If W is the welght of mercury between two readings
t tlc temnersture of the morcury

%) ccs.

.'\,

tren the voluwe V = 0-0735(1+ 00021
£y plotting volumes &gslinst successlive cethetorncter resdlngs e
curve, showlng the veristion in volwse of the burette over tho
range exemlned, wss obtﬁined.\

The burette wieg then filled with water to & level s
1ittle cbove thet ¢t vhich the celibretion bersn. lhe
cathetoncter wes then used to fix the positlon of & psrticulsr
line cn the bturette so thet, 1f the burcttie was moved whlle
the allecy weas dropped in end the silr bubbles removed by tepoing,
it could be~ad3usted to its orizinsl positicn ktefore the new
helght of wuter wss observed.

The &lloy, of lmown welght, wess dropved into the burette
end all alr bubbles were rcmoved by tspwlng. The burctts wes
then edjusted, 1f nccessary, to the positicn occunied before
the uddition of the elloy &nd the new level of weater resd
throush the cathetoneter. The difference in the resdines wos
& measures of the volume of the slloy. Loting the exact part
of the oalibrsted renge ¢t which this difference weas reasured,

the volune of the wlloy wes obtslrned from the csllbration curve.
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Discusaion of Suscentibility - Concentration Curves,

It appeered to be of Interest to exsmine t:e magnstic
susceptibility with the object of sscertaining, whethér cr
no, there is any similarity between the varistion of this
property with counposition &nd the varlation of other physical
- propertles.

The main objeet of this comperison was to deterzine
whether the meeasurement of mosgnetic susceptivility may furnish
& ready meens of detecting the‘formation of conpounds and
other changes in alloys.

“ith this object in view, curves Leve bteen prepared
from existing data, as‘far as that 1is &V&ii&ble, giving the
varistion of density, freczing-point and electrical conductivity
respectively with composition end these Lave been compared with

the corresponding curve for magnetic susceptibility-composition.

Dengity - Comnosition Curves.

In the case of density-composition curvesEl there 1is
obviously no similerity nor enslogy to be found, the density
curves ere ell perfectly smooth &nd regulsr whereas the
susceptibllity curves show both méxima end minims in most
cases. (Curves 1, 2, 4, 8).

It 1s however to be noted that the varistion of
susceptibility with composition, in some cases, is very much

greeter than the veristion of density.
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Thus -

Silver-Lexd  Composition ¥ x 10° Density. Percentage Change

alloys. wt.per cent k. D.
Silver.
52-3C +C+299 10-217
} +570 -0:639
61-20 +2.02 10-845
+10-4 -1-383
7079 t2.23 10-695

hagnetic susceptibility thus sappears to be very much more
gensltive to veriations in composition than density and
conseqguently the measurement of susceptibility would be a
more delicate.means of detecting a smali change in

composition thsn the density.

Freezing-Point - Concentration Curves.

(a) Silver-Lead System.

(¢

o
€” for silver lead

The freezing-point-concentration curv
{Curve 10) indicstes the presence of an entectic at 2-5 grams
or 4 atoms per cent silver, but there is no indication of
intermetallic compounds.

The corresponding susceptibility curve shows a marked
inflection at a little over 50 grams or 85:75 atoms per cent
silver and the curve then rises steeply to a maximum at

about 70 grsms or 81-8 atoms per cent silver. This maximum

can hardly represent the presence of a pure intermetallic



compound &end, ss yet, the resson for the maximum is not
apparent. St111 in view cf Stefsn Meyer's conclusions (Pege B )
a compound would seem to be Indicsted.

(v) Cold-Lead System.

In this csse, the frez—:—:a:1ng-point-concentration24 curve
indicetes the formetion of two compounds, i.e. LusPb snd
&b, (Curves 11).

The cérresponding susceptibility curve shows a minimum
at 6 atoms per cent gold aend & maxlmum &t 45 atoms per cent
gold.

These two points do not represent the presence of inter-
metallic compounds but, as the &lloys were not annealed, this
mey be due to the fact that the coapounds had not been formed
thet 1s, the slloy was in a metastable condition, as 1t could
eesily be from the method by which 1t was prepeared.

(¢) Lead-Tin Systen.

b
e &n entectic

Cn the freezing-polnt-concentration curv
point occurs at 75 atoms per cent tin. There is no indicstion
of the forzation of intermetallic compoﬁnds. (CurVes 12)

The susceptibility-concentrstion curve is in egreement
with this. The curve is smooth and generally obeys the
"mixture law", that 1s, the value of the nagnetlc susceptibility

. 1s directly proportlonal to the percentege of each constituent

present,



Thus \
Corposition X % 10°
“te.per cent tin. Calculated Cbserved.
815 +0.0185 +0.018
526 -C-C3E0 -0.031
561 , ~C-0527 -0:003
20-4 -0-C041 -0-10

(d) Gold-Tin System.

Vaxlme correspondlng to the compounds Auin, iuln, and
fuln, ere 1ndicated on the freczing-point concentration
c:l.u:'vei.-?;3 (Curves 13).

The corresponding susceptiéility curve forms a minimum

at 35 stoms per cent gold and this point corresponds with the

composition -of ¢ compound iudn,, the ratio of atoms per cent

. Betwecn 10 and 30 grams per cent gold the

being T ég
formatlon of & maximum, &t gbout 19+5 atoums per cent gold,
points to the presence of a coumpound the restio of stoms per
cent being Z%I’ that 1s, the compound fuSn,.

The susceptibility curve does not indicste the presence
of the compound fu3n end sgain this is probabl& duc to the
faet that the alleys were not annealed. This is supported,
in this case, by the fect thst in fhe region at which the ruatio

<

of atouws per cent 1s 1, the mixture law does not hold.



Thus

' x % 10°
ftoms per cent Cold. Calculsated Chserved.
4334 -0-C28 =027
5574 -0.033 -G.18
7C-C3 -C+ 068 -C*14

{e) Bismuth«Tin “eries.

in entectic point occurs on the freeczing-point-

concentration curve27

et 435 atoms per cent tismuth but there
is no indicstion of the presence of intermetallic compounds
(Curves 14).

he susceptlbility-concentration curve shows no formation
of compounds. It must be noted, however, that the curve rises
steeply towards thie parssmserznetic repglon between 100 end €5
grams per cent bismﬁth and causes the mixture law to be broken
over ths range rich in bisauth. Thkls is of interest in view
of the fact that bismuth is the most strongly dizmegnetiec
element knowa.

(£) Alwsninium-Tin System.

o

The freezing-point-concentration curve"8 shows an entectic
point et 9982 atoms per cent tin but indiecates no compound
formation (Curves 15). The correspending susceptibility curve
hes a merked minimum at cbout 42 etous per cent tin. At this
point the ratio of stoms per cent of the constituenis 1s

1 thet 1s, the ratlo is not simple and the polnt eppsrently

»

1.3%7



does not represent a compound but the mininmum may resolve
itself into the velue for o definite intermetallic compound
when the particular alloy is anncsaled.

(g) Cadmiuvm-Tin Svstem.

These metels form an entectic mixture et €7+6 stoms

.
<9 docs

per cent tian. The freezlng-polnt-concentration curve
not indicate the presence of intermetellic compounds.
{Curves 18)

The corresponding susceptibility curve 1is In sgrecment
with this and 1s enalesgous to that of the leed-tin systeu.

(h) Csdmium-Cold Series.

Compounds £u,Cd, end Luld,; are deduced from
the freezing-point-concentration curve.so (Curves 17)

The break between £1 and 42 etoms per cent gold, on
the susceptibility-concéntration curve, occurs at the reglion
of formation of 4LuCd,.

The'form of the curve lends support to tke view that, in
unannealed slloys, retarded compound formation produces

flettenecd mexima end minime.
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Electrical Conductivity ~ Concentrstion Curves.

(a) Silver-Lecd System.
31

Mattheissen™  has examined silver-lead alloys of from
95+9 to 19+9 atoms per cent lesd and, over that range, he found
that tle electrical conductivity decressed regularly with
Increasing percentoge of leed. Thus, there 1s no indication
of thé formetion of silver-lead compounds.

The corresponding susceptibility curve iIndicstes no
compouvnds but & maximum 1s formed st &2 stoms per cent silver,
en irregulerity which is not reflected in any way by the

conductivity curve.

(b) Cold-Lead System.

The conductivity-concentration curveSl (Curves 11) shows
a chenge in direction at 84-25 volumes or 75.1¢ atoms per cent
lead. At this point the ratio of etoms per cont is 1 Lu:3Pb,
that is, & compound AuPba is posslbly represented. Such a
compound is not indicsted by‘the freczing-point-concentration
nor the susceptikility curves. The maximum ard minimum of the
lseter do not represent thre prcecsence of simple compounds. |

(¢) Lesd-Tin System.

Z

Nasttheisscn's conductivity-concentration curvg (Curves 12)
1s perfectly smooth and regglar. Thus 21l three curves -
conductivity-concentretion, freeczing-point-concentrstion and
susceptibility-concertration - for this system are &nalegous.
io intermetallic compounds are indicated and the susceptibility

values fellow the mixture lsw trroughout.



(d) Gold=-Tin System.

_ 31
In this case the conductivity-concentretion curve”
(Curves 13) shows two bresks, at 29 end &1 atoms per cent

gold respectively. it these points thie ratio of gold to tin in

1
5.2 80 TTa8

forimation of fuSn 1is possibly indicusted. The corresponding

atoms per cent is respedtively. Thus the
susceptikbllity curve has been shovmn to indlcete the presence
of LuSn,, Auln, end the divergence from the mixture law at

£0 atoms per cent of the pure wmetals points to the possibility
of fuln being found.

(e) Dismuth-Tin System.

The conductivity--concgn‘cration51 and susceptibility -
concentration curves (Curves 14) sre snalagous in showing no
coupound formation and both egree in thils wey with the
freezing-point concentration curve.

There is & similerity, also, in the wey in vhich lerge
variaetions in electricsal conductivity end mnegnetic
‘susceptibility take place in the ¢lloys rich in bismuth.
Thus, the conductivity valﬁevfalls from 1-C3 to 0-245 between
09.80 and 9936 grams per cent blsmuth while the msgnetic
susceptibiiity chonges from -1 %X 107° to -0.75 % 107°
over the same range.

(£) Aluminivw-Tin System.

Ho Information as to the electrical conductivity of this
system could be found in the llterature, consequently no

comparison can be made.
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(g) Cedmium-Tin Series.

The conductivity-concentrationchrveal (Curves 16) for
tlhese alloys is smooth, that is, no compounds sre indicated.
The corresponding susceptibility curve is of & similer form
and, &8 in the case of the lead-tin elloys, sgrees with thsat
of toth freezing~-polnt snd slectrical conductivity.

(h) Cednmiun-Cold System.

Saldaé? has shown that the electricsl conductivity-
concentration curve (Curves 17) for these alloys contalns two
maxima et 50 and 75 atoms per cent cadmium respectively.

The ratlo of the pure metals in atoms per cent at these polnts
1s 1 and the 1lfu : IC4d respectively, that is, the compounds
AuCd end fuld, are indicated. |

The brealr between 21 end 42 atoms per cent gold on the
corresponding msgnetic susceptibility curve occcurs over the
range of formation of LuCd, and, as explained in the compsrlson
with the freezing—point-concehtration dste, the unsnnesled

alloys form apparently flattened nmaximsa.

It was hopced to be sble to include the susceptidbility-
concentretion curve of the copper-lesd system since, in both
the silver-lesd and gold-leed curves a well defined meximum,
which possibly does not represent s compound, occurs, and &s
copper belongs to the seme sub-group of the periodic system
gs silver anrd gold,.it is to be expected that s maximuu, which
is even more pronounced, should be shown by the alloys of

copper and lead.
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Copper and lead, howover, gre not miscible in all
proporticns end the region of lmulsclibility covers the
concentration range vwhere the msxima sre found in the other
.two systems.

Thus & comparlson could not be mede.
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CCHCLUZIO0NS.

The foregoing compsrison of magnetic susceptibility with
density, freezing-polint and electrieal conductivity respectively,
leads to the following conclusions:-

1. There 1is no-parallelism between the density and magnetic
susdeptibility of slloy systems.

2. Kapnetic susceptibility is more sensitive to changes‘in
composition then density. In many cases it 1s elso more
senslitive than electrical conductivity but vearlations in
freezing polnt with clreanging composition sre sometines |
larger.

3. OSome enalogy exists between freezing-polnt end megnetic
susceptibllity especlally in systeins giving no compounds,
thet 1s, in cases where the mixture lew is truc.

4, Closer znalogy exlsts betwecn electrical conductivity eaand
megnetic susceptiblility both in systems in which compounds
afe formed and in those contelning mixtures only.

This is to be expected in view of the close connsction

between electricel end magnetic phenomena.

5. The mixture law generallyAholds in systems in which no

- compound occurs.
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ll.

The mixture lew does net hold in eny reglon indicating

ccrzpound foruatlon.

"The mass susceptibility ef the pure wmetels examined 1s

silver =-C-133 x 107°  bismush  =-1-f2Z % 107°
gold  -0-119 x 107°  ceduiuwm  -0-116 x 107°
lesd  =0.131 x 10°°  alwsiniuz +0:64 x 107°
tin +0-051 x 107°

Silver-lead, lead-tin, cecniuwn-tin, bisouti-tin, form
no intermetallic compounds.

Cadmium~gold Form Lulbds end gold-tin the compounds
fulng and fulfng .

Two parsmegaetic elements, in the case examined namely
gluainiun-tin, forin some diansgnetic alloys.

Two dlaregnetic clements, s shown in the systems silver-
lead, goid=-lead, cadmium~gold, Torm some parwisgnetic

alloys.

4

"One poarspagnetle and one diamagnetic metal form &lloys

whose suéceptibility lies between that of the pure metals,
a8 in the lead-tin, cadmium-tin and blsmuth-tin systems,
except when Iintermetalllc compounds are formed as shown

in the gold-tin series.
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The sbove place of work wss
sugzezted to ms by Lr, ﬁpeﬁcar
gnd ke has glven we sdviee with
rezard $o0 the carrying cut of the

exnorinents.
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