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INTROUCTION

In gesphysicsl prespecting by magnetic methods it
is srdinarily asdvantagesus end oftsn ssmentisl to have
& knowledge of the values of the magnetic musceptidbil-
itiez of the yooke and formations prepent in the arecs
undey survey, To this ond the ususl procedure hoe deen
to take the gaologlosl semples in the field and fo mans~
ure thelr volume suscoptibilities in the laboratory; by
moans of one of the numercus methods avallsble. In none
of these methods is the memsuring instrument entirely soif
conteined or sulted for use in the field.

In moot cases the cemple is pulverized; in soms 1t
s machined %o shape %o 1% certain colle or Instruments,
and in one method, {(that of O, A, Boiland), o onst of %m‘
sample io made and tho suseeptidility of the rook compared
with thet of a material of known susceptibility of the
sans slze and ghape, made from tho sast of the originel
800p18.

Soue writers sssert that tho difference Iin cusoepi-
iv11ity of o rock ssmple in the powdersd and solid forms
is negligidls, wnd while this is dounbilecs true . in
many onses, there are other ocsses where the differenge
booomes apprecisble, Again, the suseeptibllity obtained
in the ladborstory from s small specimen is lisble to differ
from that of the rock from which it was token due toc the
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atreogee Involved by tho hammering or other foress used
to obialn the mmmg; In gusgeptibility measurements of
o sample of granite, Wﬁ,ﬂﬁn& }fam that sn individual
specineon had sbout the came susgceptibliliity in the soiid
a8 in the pulverized form, but that tests nn pleces from
differont parts of the rook varied as much as 750% due to
the unsquoel distribution of mugnetite la the rook.

It 18 obvious that the moet smoocurnte value would Yo
that obisined from svorsging s mumder of tests on the un-
dloturbed rock insteald of from one or two samples. No
saeh procedores have beon mublished to date. It is the
parpose of this paper to dosoribe & mothod by which tho
eusoeptibilities of rooke may be determined in place by
weans of a portable instrument, |



CHOICE OF HETHODS .

It was deolded to use & method employing alternsting
currents The use of alterneting current has the sdvantege
over 4irect ocurront and magnetomotric methods that it is
free from extranecus magnetic &loturioncos.

The principle invelved, as in oather inductive mﬁm&m
is the chonge in induotence of 5 coil due to the ymma
in ita magnetic fieold of a paremsgnetio or dlemogned
medium. In this mﬁéﬁ ‘howsver, the windings of the coil
do net enclose any pert of the rook under test. Inotead,
the eoll is oircular, having ensll ovoss-peotionsl dimenw-
slony as comparsd to 1ts radius and consiste of soveral
hondred turns of fine wire, It is lain fiat on the rock.
Thus only part of 1ts magnetie fleld penstrates the rock
under test. The rolation beotwsen thoe change in fleld
strongth or indunetance and the samaﬁ%%iii‘&é of the mediunm
for thic case will be developed later.

Ts measure the change in the inductance of the epil

éue to the presence of a magnetlc mpterisl, three methode
eupgosted themselvew:

{1} An slternsting current industance bridge.

(2} The uae of a8 beant frequency ovecillator whose fro-
quency is a}.tere&' by the change in induotance of the coil.
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{3} The change of the resonant point of on sccille
ating afronit with the ehm:gg in ixz&uaﬁﬁm& of the noil.
| Since time was o factor, and only one method maid
bé investigatsd, an alternating enrren’b bridpge wes chosen.
I% reguired the loast amount ﬁf'aqnipmezxﬁ,. wag not doponds
ent on o fixed freguency souves, end sesmed therafers the
mogt portadle.



DESCRIPTIOR OF APPARATUS
of ﬁ;a nany s&.ﬁmﬁzﬁm&u bridge nothods
svailsble, (ses ﬁagmi }i’fm exomplel, the one shown
dingramatically in Pigure 1 on page 6 wan chosen on mwxr@%
of its einplloity snd sensitivity, and !!;ha' fant thnt o cure
rvent source of fixed froguoney was not raguivred. This wm
be recognised as Owen's hriﬂg%fa}@ Reforring to the figurs;
33.3 is tho test coll proviously mentlionsd, which ig conneob-
e to the bridge by sbont sight feet of Bifiler flexidle
wire. It is 9.4 om mean diameter and contalns 1000 turne of
#31 ensmelled wire with n roelstonce of 139.1 cohms. The
erose-peotional dimonsions are 1 om by 0.5 om. ZLcourste
measurements gave 1te imduetsncs as 0.17995 henrys. If the
coil i myometrically wound in regular lIayers its inductance
may be olossly caloulated by seversl fﬁgmm to{gé{im Tt
two veforences will be given, Fleming and Ross .« 4
larger diamoetor coll than the experimeontol one is x«mnma—'
mended for fleold work. The smaller one wos used for the
exporinontal work to ont down on the siza of the souples
nogleld.
¥, snd Q are standard varlsble resistances resding in
otms up to 5000 ohma, The dinl type is preforcble to the
piug type on account of the greater ease of nmanipulstione
- Esch hes & vernier reading to at lesst one~tanth ohm.
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Pigure 1. Diagram of Owen's Inductance Bridge.
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Gy and G, ere fixed standard condensers of values 0.13
and 0.06 mfd respectively. A4s 1t was decided to use &
fraguency -of 500 c¢yeles, and branch im@&ﬁaﬁogs of BOOO
ohms, {see the chapter on Experimental Work), these.
values of capscity were caloulated to give 5000 ohms
impedance. The nearest values avalisble were them used.
B is g fixed standard resistance of 5000 ohms.

The source of current may be s tuzzer, a maintained
tuning fork, & motor-driven slternator, ox & wvacuum tube
oscillator. The fivst two sources mentioned both emit
a loud note and the devico mmet be placed gome dlstance
away and in o sound proof box, so that the direct note
will not be heard if telephones are to be used for defect-
ing the point of balsuce. Also the buzzer hes & rather
impure wave form. Motor-driven alternators glve 8 satis~
faotory wave form dnd are suitable for low fregquenciss
but are ususlly too cumbersome for use in the field. For
frequencies sbove say, 200 oycles, the vacuum tube oselll-
ator is undoubtedly the most sulted for precise tesis.

It givas an gadequate output at o steasdy frequency snd with
& good wave form. A variable frequency vacuum tube os-
clllator was used in the experiments, so that the sffects
of different frequencies could be investigated.

Whatever the source chogen, it is advisable to connedt
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it %o %h$ §r1&ga %hraagh'a smail transformer. By yxavi&ing
en earthed soreen between the two windings, cspacity effects
batween the source and bridge are minimized. I% is slso
well to esrth such parts as one side of the amgiifiér_far
example, to make the whole instrument more siable. It was
found thet wiring the parte in such a manner as to raﬁnae-ﬁhe
internsl eapacities between wires and units also helped in
the parfexmgnca of the bridge.

‘?ar'éateeﬁing the point of balance, headphones were used,
eﬁﬁnﬁaté& through a twe etag&Atraﬁsfermer~eﬁupia§ amplifier
which heppened to be available., (This smplifier is not shown
in the airaui%)q Three stages ﬁf”resiatgnae aanéling would
probably be better, end a low pase filter is recommended to
out out harmonios anﬁ thus obtain a better gail psiﬂt& With
& constent frequency source of not too high e value, a vib-
ration galvonomoeter 1s satisfactory. Kﬂ&e&ﬁ,,ﬁbr'auﬁ of
doors work, where the noise of wiﬁa, traffio, eto. may cause
the use of headphones %o be impractlesble, it may be found
necessary to use & vibration gaivaaem&tar; These mey be mede
in a very smsll sige.

- Ih using the bdbridge, §a1aﬁcakia obtalined by vaning only the
resistances P, and Q. This is easy, a8 the two adjustments
for balance are independent of each other. In the circult

shown in Pigure 1, the branch impedances are:



B =P+ 30l where B = Py+ Py
zpsQq- 3 '
2 -

% =R
A%t balance,
By2g = Zp%,

(rgoti-wi ) T @=L )R == e-()
] '3_21 G

Separating resls and imeginaries
6P = G -~ - = =2}
and - L = RQ¢g, - === =(3)
In practioce, the m&}mtame of the test ooil in alir is
first meagured, and then its inductance when 3.31:3@5 flat on
the fsce of the rock whose susceptibility is to be determined.
The difference in the two values 8btained is & measure of the
‘msc&ptibillty’* ‘
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A The relation ietwaan the ohangs in inducisnce or flux
of the coil apd the permanbility or susceptibility of the
mediom on which £t is 1aid is comewhat complex, and the
writer knows of no artiole denling direetly with this sub-
Joot, MHowever, an outline of one mothod which may prove of
use will bo glven. It is used in the eslculation of mog-
netic ﬁiﬁi&a in slectricnl machinos and involves the doter-
mination of ;haigawmaanga_gf;giaia paths. This method ie
reforred to by Barayataiégﬁihaﬁ insufficlent dats sro given
by him.

The field dus to & simple current or olement of current
8t the interface of two modia is shown spproximately in Fig-
ure 2 on psge 1. The 1inew of force will be closer togother
in the medium of highor pormesdility. The genersl prinoipls
syplies that thaliinea of force snd the aqﬁipataatiaz Sur-
!&aaa~ageum§~§&¢h shapee and direotions %&Qt the total pere
maanaavhéaamaﬁfé maximum, or tho reluctsnce s miniomm,

Since the permeasnce, (°, and the permeability, v , are
conneoted by the relation @ - ’3’2—’—4 + whers 4 is the sares ond /
tho length of the path, the permeance is measured from the
Aigtrivetlion of the field and tho pormeability then found.
Due %o mathemationl diffioulties, however, ansliyticsl éa:i;mw

lation of permeances ic fossibls only in the simplest capes.



Figure 2.

Magnetic FPield due to a straight
current at an interface.

11
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In praoctical thres~-dimensionsi prodlems reconres mst
be had to s graphiosl method of trisl and spproximation in
order to obtaln the maximum permoanad. Procedurss have
bden worked out by Lord Rayleigh and &mnfﬂi’w laying
out o fisld. The general method is to mep the ﬁ;em into
sonlil eells by means of lines of force and eguipotentisl
surfecos, using one's own judgment. The total permesnoe i
then elsoulatod by properly combining the permesncen of the
oells in gories and parallel. | Then, the escumed directions
ore modifiod s 13ttle ond the permesnce onloulsted egain,
wntil by -gnfwaﬁéiva trinle, the positions of the lines of
foree ore foand for which the permeance becomes & meximum.
) Conslder o single loop of wire. ZThe eleotromagnetic
energy possessed by the loop st time t during tho building
up of flux is .
8% = (e, df A{

a¥ = (t ;’7—%/

ﬁmitd¢t n-~wmw.wwuwwm§§;

where ¥ 1s in Joules, (, and ¢, are the izmtm.’ﬁmamﬁ
values of the current in ampores and the fiux in webers
at the time &, and 4% = %’;‘- 18 the xnatsnﬁaxx&ms mmgf‘
ma tots) enorgy suppllied fron ths aloctriasl Boures ta )
build up the field to ;ta ﬁx}az value W is |

$Q~/[t d¢t' ﬂ'n,wmnwm’mn&’fﬁ?

o



in o medium of constant pormeability, 4. - Pi, , wherel
1s the pormesnce of the mgrxé{:m ¢irouit in henrye. Vo may
ohtain sny one of the thres following expressions foy the
glactronpgnetic snorgy stored in the loop:
‘ga%‘icﬁ - o o owom w (B)

ﬁ%%l—zf ﬁ@%*ﬁ”mwﬁ-&w‘g?}\

we /P e .- (8]

Equation (6) expresses the fast that the magnetio
energy stored in e loop is equal o one-half the produot
0% the fliux and the mrr&ag; Equation {7} shows that ‘!ﬁzé
etored anergy ie :magwﬁiﬁml to the square of the currant
and to the permeenee of the ma@atig circuit.

Taking the moys genoral cese of a ¢oll of n tarns, we
have partisl as well as complete linkeges, Partial linke
spoes means that the fiux whieh linke with pert of the turas
is now of & magnitude comparadle with thot of the flux which
links with a1l the turne of the coil. Considering first the
complete linksges, or the energy due to the fiux which iinks
with all the turne of the coll, we find thet, by repesnting

the reasoning given sbove for » single loop,

Kcﬂénzleﬁ R R e {9;

The energy of the psrtisl linksges is caloulatoed in a
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sinilnr nanney and may be shown to bos
ﬁ'@%LzZ“ZA‘F - Wﬁi’w‘wm;mﬂ{}‘ﬁ}
/S P P E LK o " #

and the totsl energy of the colil is
g*%lz(‘q’_@ +-20;A@) e e e e e e {u)

Assuning that there ig no matual induotance,
w3l by definition,
whore L is the infuctance in henrys,
or
Lz2w /Y
igx;fz@c-kzﬁpzﬂﬁgp wu-muhmmmwﬁgi

or replacing the cummstion by sn imtegral,

Lasn’® +/“éi‘d‘f°p - - - (18]
If we raplace the mt;m eofl by & fiotillone coll of
equal induotance and the game pumbey of turas, tuti without
partial linkages, we may write

2‘:&2@ wmwammw*ﬂ{l‘i}

The above theory sssumes that the permeability ie ocon-
astant. 1In the case under consideration however, approximately
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one-hal? of the f1eld is in alr and the other hslf in &
mediom of permeability « « It is therefore nsoccsunry
to paloulate sepsratoly the permeance for the port of the
f1e1d that is in sir, and that for %ha part in the medium,
to asrrive st s correot value for the induotsnce L.
Pormecbility may bo changed to suscoptibllity by the

relation ,
M owl+ 4TR

whers ¥ 1s the volume soecentibllity in C.0.5. unitsoe
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BIPEIRINENTAL WORK
The dridge ap desoribed was cet up and connected to

e,

8 variable froquoncy ofeillaotor so that ony stray linke

agen wore o nind

Experimenting weo first carried out to detormine the
influence of change in frequency, and of capacity and
electrical conductivity of the camples. The effect of
different branch impedances wae aleo investigoted, and
the velue which gave the uost seneitive response to the
bridgo wae found to bo sround BHO00 ohms, which was the
internsl impedance of tho opoillator ouiput.

Frequenocy wes shown to be immaterial to at least
2000 oyoles by running teste up to ﬁmﬁ{%&q&a&my with o
smnll plece of iron in the coll. Brown has compiled
muoh dnts on thie subjeot and hae shown that, in the cusa
of mz;agzy ianinated fron, the pormestiliiy may remain
conatant, at the value of that in statioanyy fields, at
freguencies sp to one million. Since the froquency was
not oriticnl, B00 cyolen was choseon ohiefly deosuse it
gave o good note io the headphones used with the bridgo.

To inveotigate the affects of any osupasoity in the
sample, mensurements of the inductanoces of the coil when
in air and when sugspendsd over the eurface of & dody of
distilled water wore msde. No apprseiadle change in in-

dnoionee wees observed.
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In & similsr test with o Saturated solution of sodium
ohloride of high electrical conductivity, the change in
infuctanco wos 80 emall a® to be within the working error
of the instrument. Since the values of the dieleatric
constant and elsot:iesl osonductivity in these two samples
sre well above sny which would ordinarily be encountered
in the 'ﬁe&g, ﬁm may be safely ilgnored. This z?&é’;
seoordnnoe with experiments carried out by Barrat.

Tepts weﬁ mnde on some forrie chloride solutions
and on blooks of moulding clay and sand containing evenly
distributed smounte of ivon powier. The susceptidbilities
of thoss samples were RKnowi.

Al the samples were made about the saesééi With a
thioknoess of 18 gm, the fleld otrongth at the far face of
the specimon was about 2% of that of the centor of the ecoil.
Ag this small orror was constant 1t wno nogleofed entirely.
Seo Figure 6 on page 28,

In the ease of the forric chloride solutions, Keenig~
ghergoy ﬁmgivaea the Tollowing relation botween the perceon-
taga of Qagﬁis and the volume susoeptibility of the solution,

K+10° 5 (88,78 p=0.78) /8@ === =w= e (¥6]

where p 1o the percentage of ?aaﬁz;ﬁ and 4 15 tho density of
the solution.

The Smithsonisn Physical Tables, 8th Edition, 1933,
P. 475 slso gives o relation between the percentage of Folly
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and the mase suseepdibility ae follows;
K » {p/100)8 < {1 = P/100)H, = = = = = =~ = (17}

whore H is the nase meﬁﬁmi&nw of pure 1?3913, given as
90 » Iewﬁ, snd B, ‘1g the mass susceptidility of water, given
a5 =0.79 + 1075,

To obtain the volume suscoptibdility, %hg above must
be divided by the density of the solution used, which may
be found in most chenicel handboolkn.

Susceptidilitica obhtatned by the above two foremine
were found to mgree within less then 28,

The suseeptibllitics of the olay and send samples were
found dy & method developed by (. A. Hellgnd, which follows.

Two identileal solenonids, cbout 3.2 em rodins pnd 16.6 onm
long wera pluced vertically 15 om north and south of 5 ver-
tioal intensity masgnetometey of known scole vslue, so that
& line jolning tholr »eenterré passed through, and at right
angles to, the genter of the magnetic system. The solenoid
windings were connected in @%ﬁitimﬁ to o badtery sad
rheostat so thet, when the two colls wers proporly centored
and curreat sent through them, there wes no deflsetion of
ths balence. Bowever when g paramsgnetic sample 1s Iingerted
in one of the solenoids, s strongor field is induced in it
than is present In the one on tho opposite side of the mag-
netometer, the effect belng that of plaoing & msgnet there
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in the third position of Geuss, which will ceuse the magnot
gystem to bde deflected.

Then, - | | |
SR 3 7)'d whore N is thoe magnetic momsnt

1 the intensity of megnstization
¥ the volume of thes sample

I = R X the megnetio susceptibililty

' _wym stropgth in the

=XV

¥ = v
In the third position of Gsuss, the field due to o magnet is
_‘gﬁuxfzﬁumu €% Ag

A% = HHV/r ¥ i3 the distence from the
'Mx;tar of the pognel
€*» Ag = Wﬁs ' A the qﬁaﬂga in £fis1d oivrength

¢ the soale value of the
Instrument '

’ As the chenge in sesle ropding
whenee
%he fields of the solenclds were calculated from the
formle

K*%Q;éﬂfﬁLfe unmmmm-mmnmmwn{ﬁﬁ}

whors H' ig in Gauss
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N the tetal number of turns
L the current in amperes
{ the length in om
This takes'nb account of the demasgnetizing factor. The true
f1e1d, By, i85 |

where I isg the intensity of magn&tizaiian and D the‘demag~
netizing factor. Prom the dimensioms of the coil, (£ /d =
5.38}, the Smithsoﬁian Physical Qablaé, iﬁﬁﬁg Pe 470 glves
0+.64 as the value of Ds.

As, hawaveg, the suscepitibilities of the samples used
were fairlyxisw; this correction became négligibiam Por
example, n specimen of susceptibility 2060 » 10™°, had an
intensity of magnetization of 0.206 ¢.Z.8. units at a max-
fimum field strength of 100 Gmusse.

" Then, o

it

=100 - 0.13

2 99,87 a difference of only 1.3 in 1000
st 100 geuss. (This sample had the highest susceptibility
of any used].

To determine how the eslculated values of susceptiblility
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comparedl to those found by the deflection magnotometer,

X lovestigntions wores made at varions fisld strengthe with
solatlons of 30% and 50F ferric chloride. FaCly was used
and the oslenlated veluos were odtsined from equation ({17).
’1‘&& observed and coleunlated vslues at o fisld strength of
100 geuse follow. Susoeptibilities are in 10 Cc.ges. units.

£ oba. k cale. o
30% PeCly 156 1643 + 0ub
50% Fﬁ(ﬂs 2946 28,9 - 0.7

The results sre shown grsphically in %ga:r«s 3 on pege
22 using an oxaggorated vorticol scele.

Figure 4 oa poge 23 shows a seriss of I-H curves ob-
tained with this instrument. Readings wers taken et avery
10 Gaues up to 100 Gaunsg. o

The tadle below shows the computations for ourve No. 3
in Pigure 4, 1% being typleal of 011 the ethars.

1 in Field at balanoe Floid at balencse I fram Xk » 10°
Goues Camrae Gause Bgs (18} Bq.{1B)

10
20
30
40
80
70
80

100

32
66

106

150
193
232
276
519

362

405

Gnﬁ@ﬁ%
0.00066
0400106
0.,00150
0.00193
0.00232
000276
0.00319
0.00362
0.00405

0,01000
0.02060
0.,03310
0.04680
006020
0. 07250
0,08810
0.09980
0.11310
0.12680

1000
1030
1103
170
1204
1208
1230
1243
1256
1263
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It will be noticed that there is o slight bend st tho
‘bottom of onch ourve, which otherwise ies linear. Since the
£i6ld sirength of the sesroh ooil used in the experimoents
wae only of the order of four Gouss, the susceptibilities
0% the samples wore taken at this velue when plotting the
gsalibration curve, Flgure 5, paga 25. This will necessitate
kooping the ourrent in the bridge oonstont, end specifying
ot what flold the susceptibdilities wers mossured; in thia
case four Goass.

In the tosts msde on the spooimons with the bridge, the
ssarch coll was firot lsid on s wooden stool free from iren,
end it wag mode sure that 1te induotaonce was the same as if
it wers suspended freoly in eir. The inductanrce, Iy, with
the ool in sir was dotermined fyrom tho sguoilon of the
bridge

Ig = RQCy - - oo~ [3)

Noxt, the sample was placed on the otosl asnd the coll lsild
flat on ite surfocs. Several readingp were teken with the
¢oil reversed on the block snd the block also reversed, ond
the mean of these values used in the calewlation of L, in
the seme wey that I, was ssloulsted. The ﬁiﬁémnﬁa, AL
in the inductancoes of the coil, when leld fist on o magnetic
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medium and when In alr is thus founds Care was exerciced
to see thet the inductsnce of the ooil cnmo buck to the
normal valune for alr sféor readings had beon token with o
cample prosent. The indnotance was found for osch valune of
known ma&ayﬂ’bﬂiw, from which the calibratlon curve,
Pigure 5, on page 26 was constructed.

Thug, o find the chonge g inductencs caused by, say,
sample No. 2, the bridge wao balanced first in sir. A% the
point of dbalences, the following valunes wers obtained

Hy = BOOO ohms
Qy * 3699 ohms }
Oz = 0,01 mloroferads
Prom equation (3}, Iy wes found to be 0.179950 henrys.

Thon with the coil plsosd f£lat on the cample, Q had to
bo changed to 3609.3 ohms to sgain bslance the bridge. The
new induotence Ly was colceulated in the same monner end wss
found to be 0.180460. 7The differonge, A L, belween Iy ond Iy,
was then 0,000510 henrys or 510 mtorchenrys.

‘In the gslibrailon curve showlng the susceptidility, k,
roduced 4o o £ield of ﬁaag Gouss, 1s plotted ggauinst the

ohange in inductance, 4 I, of the search ooil from 1ts zers
vslue. Since the induotsncs 1s directly proportionsl to the
resistance § however, the Iatter msy, 1f wished be plotted
sgainst k and a gertaln smount of labor eliminated.
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In the £icld work it is of course nesogsary to heve
the coil f£lat on the rock at sll times. If this is not
o, & part of the magnetic field will not pass through the
rook, resulting in s smaller vslue of k than the correct
one being reoorded. 7The valus of the field strength at the
conter of a siroulsy coll of n turas and redius » om i8

E=2Talfr = se=-w=o=--(22)

The fiold along the axis of the colil drope off repildly with
an ineresse in distence from the goil. At a gistsnce x
from fts center ‘

H=2Tar®t/x2 « ¥3)F oo oo oo (28)
This rolation is shown graphieaily in Flgure & on page 28
where the ratic of the distance x and the radius r ia plot-
ted ngatnet the porcsatege of H at the conter of the coil.
1% 1o sesn that at & distance from the coll egusl %o three
$imes its radius, the magnetic fleld has dropped to amﬁi
:‘% of the meximum valune. Thus, the larger the coil, the
groster te the volume of rook mﬂm test. This may be ime
portant in the case of say o not too conpoet rook containing
magnetite, where wosthoring muy have altored the magnetite
to hematite or limonite for a short distence from the surface.

_ fﬁ» is best therefore %o uoe se large s coil as is practicablo.
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CONCLUSIOHS

It is believed thot the best values of ousceptidilities
of rooks and formantionn are those detormined in the fisld
by readlapgs taken on the nndletnrbed rock. A method for
doing this by the use of an salternating curreant bridgs has
beon doviesd and shown to de preoticadle. Integrsal parts
of the ingtrument may, sfter oxperimentation hap determined
their best valuss, be reploced by sStundards of those valuos
having small dimensions, so thet the complete imﬁrmen%
will be emall, ocompset, and reoadlly portadis.

It %8 to bo regretted thet time wes not availible to
try out more thes one method. Some nodificetion of the
prasent Wwridge, or the use of one of the other methods
mentioned earlior in the paper, may result in & cirouit
which would be st1ll more sensitive snd yot have the ceme
stablliity and simplieclty of oporatlion as the bridge used.
It is suggested thet thore is room for further research on
thin polnt.
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