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- position of P wity respect to ¥, F,is %o the left .

:°ff fof P (aa in the ﬁlagram) the f;@ld ¢Lwi11 painﬁ dia~ j
‘&iy; g0na11y upwards tc the xlght"

- mhzla‘zf F 1& ta the




Jl}f; tr;ght of P wzll pexnt downward toﬂthe left;f fFig¥37“~f;  5i”‘

‘f=¢f:1ts extremity traces out an;el 1pse,il




As an example of thls ‘refer:to fig'4, ;;

‘j*in uhe field due to any %ystem of condu&tors, ﬂ;%&«n;;:~““

““iﬂfleld of;thls natureyis sald to be elllptieally’P°1”:?,;4

\‘ '7f~arized.

'°s The Determlnation of Lhe Elll\Se-s ai.w“fo:fi

For the purposes of geophy51cal prDBpeCtlng; ﬁ e

| ”5 18 unnecessary campletely to determine thefelllpse, We f~ijf ;,f




*‘f{5an approximate 1dea pf the eecentrlclty.,

‘°ﬂ;ican most easllj be found by determinlng the rat4'i :o 117 ‘5*’%

o Dn-ecr‘loh; of ‘

- Primary Field

:*k5fform one. unidlredt‘onal resu, ant At‘P01ﬂtS;

‘if{;?B,,~ﬁhﬁfp081t10n of mlnimum plc? up'will be atkan

‘__é:f_’angle as mdwated. : Jif the field is elliptlcallJ

| "anpolarized as 1s‘u3ually the case the mlnlmum 1ntenaf7




"55'.',,“‘fsmw fm the aetmmn Imit wi. ﬁedlifaculﬁtodet»




‘jﬂtraverga fram A tm B.;~ Rgte Lh&t &ne aip &ncreaaeag; 
9 ;4at ;1rat and then rapié&y decr&aseﬁ te ?era aver Lha
‘ﬁV‘cremady, ~ after arassinr tn@ ﬂrabadya the di? E&P" .
o ‘ 1&1¥ 1nezéaﬁas in the gpposzae ézrastiam, ra&@s to aff\“‘
f   maxim&m and fiﬁ&liy dearea%%a &s thc aﬁcandaxy fielﬁf‘ o

| °j:l[grows weaker vzth dzstance. Dutaidp tha paints A &
‘ and B . the f;eld frem the @xebaﬁy ia tee wwak ta hav&gkfky‘
; 3 ;much effect aempazeé With tha rrimary field and the

'3 7fdin beaamea zexg &gamﬂ.;

g Th@ aimg&@ cail ayparauus h&ﬁ ba@n useé vaxy ‘9 7

5 isueee95fvl1y anﬂ ie tne baﬁiﬁ 0f nna mcthnda uﬂea by
 f;Lhe Radior@ Ga anﬁ ntnex g&@nhyaiaal Pﬁﬂﬁﬁ?ﬂﬁ naw
 ¢0peratang., It¢ ahzaf aﬁvaﬁt&gﬁ i& eaae &na r&@idxty = 4
Sopg m&nimulaticn.  Tn@ autsamﬁdtmg disa@vamtaae wau&é 2 
‘:~; faeem 0 be that ﬁh@ e&lip%ﬁea& charag%rr oi Ln@ fzelﬂ J
'7 ,fis cnmwleta?y 3@nnrad, aﬂé thar@fﬁreﬁ ﬁhaﬁ an axa&1u~
J Vf;lent smurﬁc of Lnf@rmati&n abauk tﬂe axab@&y ia mag~  | i
k 7[1@¢ted,’; Again in romgh gr hi&ly aaumtry W esp@eially 2
K"    }hith v&ins at 1ﬁw anb&eﬁg ﬁhﬁ mebna@ egavataa &L a ' |
:Kﬁiﬁadv&ntag@ %inaﬁ bhe planw af ﬁh@ @lliyﬁ@ may @ap« ”
;avt grwatly fram nnp vaxtical.fu Im thiﬁ cap@ a &er@
.indxeatian may ge impaaeibla t@ ab&&;n.. For exampl@»)”ffc
,fccnaﬂdwr a vein dipzlng aL éa @% ahawn zn the black :’
m;dlaﬂram fl“ 8a.f‘ Whe hlllﬁlé& alayaa at @ﬁ and the o
‘oacillator ia @ituated doamhzll an th& dirpatiam AB.5 
:In flg 8b tha oz axis is lovizomtal and pavallal Wlt&
o :thelowe?‘ edge M of the block diagram.  ab, a'b! and

“t;a“b“ ave projections of the vectar Qa in Lhe ky,xz and '

S ‘
e i e i3 T
: R



B

,,ﬂffyz planes respect1Vely, Whlle ac,a s’ and a“c“ are tne

¥~Jf” cgrrespond1ng progectlon of the vectnrfP,,~ It 1s

n,any posltion of

5ItAls,ev;dent from thef"bove dlscu551on that

f*[a szngle search'0011 can glve the general dlrectlon

V “fs'of the axes of the elllpse;’but th ~f1n nrder to have ‘

i‘lﬁlmore deflnite 1nfozmat1 nta fut the fleld some other ,

‘ 57form of search 0011 18 necesaary.‘ The trlple 0011




Tf;iapparatus 16 an attempt to deal lth thls matter, ‘iiﬁi

l,f'it is threaded by no flux

The other'twa‘cOAI are &hown 3n |

&7 ;; ?sect1on and are called the d;rec(zb find;ng GOllS.

‘ ¢They are mutually,at right angles to th

  T;and have an equal numberi;f turns. ‘One 0? them the |

'~7i?ccil b is varlable so that any percentage af Lhe

,,f Q:number of turns ln conl a can

”acatlng 0011 s




o0 |

Suppose now that the vhola coll ausembly be i

Tfrotated about the axi :m Whlch is peruendlcular to

““:ffthe plane of the elllpse, to the p051t10n bb' ; aa"'

?“ff*ln thls positlonf

fthe varlable 0011 Wlll be perpen-f'

"iéf]dlcular to the maaor'akls the‘flxed:COAl Wlll be per~

""f?f;pendicular to the mlnor axia anﬂ the locatlng cell w1l

; fst1l1 be 1n the plane cf the elllpse../z~fv, ~:’“ "“' "

Agaln xn thls 'béltlan,/th ;voltages 1nduced ; f"

‘miﬁln each direction flndlng 0911 Wll1ibe proportlenal to

”77 ffthe coxl area the number of'turnslnythe coil and the !  

'ially and in simpllfledAform‘ln;flg 1G¢Q» Mlnceithe;“

;k le:ED‘eouL,fi e VAR'*‘B'—E CQ"-

| eoo turns o L
e

phase of the voltage 1n the fixed 9011 dlfiers 1rom

that in the varlableV‘011 byfii' a condenser 1s




‘11, i
ffconnected across the former and tuned to resonance.‘“’

\vﬁThe voltage aoross Lhe candenser C 1= balanced agalnst

k5 ‘the voltage 1nduced 1n the turns 1n clroult 1n the var

“':71able coml.‘» A detector ia connected to bhe poznts o

’,\AB, where at balance the vcltage should be zero.,~

  The 1ocat1ng GDll haecbeen omitted fran the dlaéram for
:  f simp11eity"f 1t 1s eut 1n acroas the points AB when & :
’requlred by means of a twn~way sw1tch ;,;‘-‘;-  -
e It 1  ev1aent fram thc bare outllne blvon/here

‘:&that dip and strike of the plane of the elllyse is

: :‘ jobta1nab1e iroﬂ readings taken wztn the locating c01l°“‘

"f7alao that the dlns amd dlrectlons of maJor ana mlnur

" !axes 1n the plane of the ellzpse ‘and the ratlo af

”' “kf‘AQ§aratu

 :‘the axes , can be ebtalnea from the setting Of the d1r~
 ‘ect1on flnding cozls. ey ik | g "/

| ’ 1 For a camplete &eﬁermznation af ﬁne elYipse

'fithé actual not relatzve valuea of the axes are reqm

" Vuired. Fortunately,(

‘hls woula nat secm to be nec~4

 jessary.~! 1t can however be emtalned 1nd1reatly fnmm e
7the field strength of the prlmary fzeld if an ass»~

“”,umptlon 15 made as “to the &hape of the orebody.  $h¢ 

. subject of riela strength is taken up in Fart 11. e

A.bare outlvneef the yrlnclple of the elactrOn”
‘fmagnetic methodu of nrasPectzng has been gzven above,“
K detallea dlscu581on w111 iollow 1n part 11, : Mean~

~“ ‘wh11e 1et us conszaer the apparatus necessary. -

A The Transmltter.r,




Ihe transmltt¢ng apnaratus may be dlvlded 1nto
'fthree unmts.; theosclllator Lhe 0011 antanna and the

\*f,power supply.jp~‘

(1) The 0501llator., Thls vaxles accordlng to ,

 "fthe need for partablllt3. ~ In level country, where

o transportatzon is not a dliflculuy, a powerful outf;t

‘ 515 possible.,, Usu 11y a- 51ngTe tube having 15 to 25

;‘Watts anode d1351patlon is employed coupleﬁ élrectly |
3to the antenna.._ UX°10 ar, better &W K. 213D wark~

S 1ng on- reduced anode voltage, 15 sufflclent.,c Same  '

: @ompanles use two or more 46'8 aa a claaa B amplifier

R lof Qutput from a small osczllator.‘( A pure wav& fmrm
".315 a greav advantage 1n obtainlng a balanae aﬁ the
E recelvin set, so that anything 11ke maximum Qutput

n' :from the transmlttex is not possibleoﬁ Two tubes

”~ work1ng ag a puaaapall buffer amplmf;er weuﬂd elim»v

 >fm inate even harmonlcs and mould augear to be the bept
¢ ijn add&tlon Lo purlty cf wava form 1t 15 necesaary
 1” for Lhe three cazl method to hav@ canstamt ireqwif

| <Muency,; The osclllator lS mounted 1n a stout wooden

:,case"  it can be canﬁtructed 50 thatvthe weight is

\l:about 20 pounds.l

( ) Ihe Coil Antenna.<  A,number of patterns“_

:‘of antennas have been trledaf The Imperlal Geophys»&

':"f‘ical Experlmental urvey in Australla used 2 1oop con-

~:sist1ng of ten turns ow Wire 8 feet square mounted
f‘ on a pole about 15 feet long' the whole antenna was

,collapsible." The Radiore co uses a small circular




'" fcoil “doughnut“ Shape havlng many turns mounted on

“J‘ aLripad withturntable.f cher eomp&nies use large tr1— "

3  ‘angu1ar or 1rregular 100ps supported Gn poles., ]&;»;

”] lrequ1rement for a large pr¢mary flela 1s that the 0011

‘7, ‘ Whldh 15 uﬁed as the tank 1nductanec of thc oscillatoe“

"*should have as large an 1nduetaﬁce ané as low an eff»

. eative reslstance as pOSElDle. A compromlse 13 necn_i

s‘eﬁsary eince 1t 13 an advantage to have a eampact coll “

 [wh1dh 15 rotatable on the msunting,f

(5) ’!‘he }?ower Sugglxo~ Thvs is the g,réat difu

‘,Lfleulty when transpartatioﬂ 15 a problem. , A voltage

;*  of 500~100013 used for the oscilla»or plate aupply.yl7
fHand«aranked generators have beeﬂ successfully empley«

“jfedfar the 1ngle c01l method but the reauirement 0¢

' constant flela trength and frequency‘would seem toyf

‘*j:demanﬁ a Eteadler &GHIG& of current for the threa coil

'lifmethad..f ﬁ 11ght airncooleé gaso 1ne moﬁcr dzivxng

\ﬁfa qmail 110 valt a.c.~&eneratar w1th tube recta;ier

  f{c0uld be buxlt t@ weigh 1888 than 1@9 lbs.ji bes 15

‘ﬁnou unduly heaVJ, conslderxng that one &et up of the

f' transm1»Ler will cover a radlus af about 2500 feet

" for four fullslzed clalms._‘ Tha I G. E.W, used a storui‘k,H ,

'\age battery and dynomotor which would be aatisfac%ory .

Were avearia: HQ

e 1f 1acllltie@ were available for charélng accumumators

' ;The whole transmlttlng autflt Would welgh %n Lhe‘   '
 1]ne1@hbourhood of 200 lbs &nd would require tuo p&ck i

:‘horses to transport.




g

-3?  The F!ece:nr:.rvr Apvaratus." o

(1) The gle 0011 ﬁethod. fiThe blngle CGll

4“*‘[kis mountcd on a trlnod havzng horlzontal ana vertlcalV
'"*‘{graauated clrcles ‘51m11ar to tran51t. 3 The 3011

”itself haB 50 100 turns af Flne w;re on 8 fibre hoop,»‘

fup to 2 feet 1n diameter. Sights are set along the

fwélametral axis about Whlch the 0011 is plvoted so thatf
‘ it may be alignedproperly W1th the transmltt¢ng ant-~*:

o enna,~ lhe vertlcal plate recarda dagrees and minutes

k“fof angle around thls axzsi : thls is useq te indiaate

‘ﬂ d1b of cozl, The horlzontal plate recards a21muth

f :fang1es ef the 0011 ana 15 gperatea 1n ﬁhe same way ab_
4";a transit These gradumted clreles do nct neea~ﬁhe;

",,aame degree of acauracy as those of the transzt;,c a r

j reading to ten mlnutes is more acevrate haﬁ.ﬁheﬁset;‘

'_'tlng Of the cml.,w NQLQ;L:Q,Iuggf“

‘@perates 1nta a i

'1 ;;{ The detecter~ampi1fier unlt

o - pail of headphones.  Unmoduiated{transmlﬁﬁlan was

 5:emp1oyed by Lhe I G E.u,, wzth autodyne receptlan.

j,in this case. the recelved ulgnal 1n the @hanes LS pr0~~

'f;portlonal ta the flrat power of the amgn&l voltage. 

‘”ﬁlﬁfHowever, 1t is very doubtful Whethe* it lB advzsable
k"to 1nuroduce any DscllTatwons 1nt0 ihe reeexv;ng clr»,i-'f

“1~’ﬂcu1tvi‘ Some Amerlcan prOSpectlng companies modulate
 f;the transmitter,;f 1n thls case the received Blgnal

'f‘is propovtlonal to the square of the svgnal voltage 50

3] that an extra stage of amoTliicatlon 1& naeded.‘f The
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“7 1oT attach?ﬁ’vo ﬁhe;

' 44;¢01e for flndlng the le;Of the ax S

1k*ﬂfjplace ﬂhe locatlng 0911 l 

set’is csmpact

and light Plg 11 ahows a typa al c1rcu1t as usea

V5deteet0r unzt 1& carrleﬂ on the‘;ack‘éf tbe operator

| SEARCH copL

{gffthe slghting axms,n; Slghtlng is~done through Lhe‘

‘ *V§fho1lcw spindle mﬁ* ta whlch is flxed the graduate"*”4

n‘the plane~0f'

" fjgthe elllpse-f« A U~shaped arm?carries the ends of this s

“~h§f;8p1ndle. to Lhe bottom oi the U is attached a hinge'°w

’“fwith graduated clrcleo

anyuplane n‘rmal to the U

4a4ﬁ »1tse1f*,, Flnally, the wholec01l assembly 1s rotatable '




“ about a horlzontal plate wath graduated 01rcle. ‘ ThuS; i‘

, fThere are three circle° to be read 1n any reglen near

Vifan orebody.; The whole system seems very eampllcated

s ljbut study of tne dl&grams will help.a Actuallj when .
'f\;4the ell&ptical strucﬁure of the fleld lB thoroughly

f_fgrasped the adgustments sheuld nake very 11ttle time :

'* *as the approxzmate or&entatlan of the elllpse is “g;

“‘ ngn0wn._§Y8;f

Ancther poznt 1n favour of Lhe Lhree 0011 method

’ ff1s that the fixed directlan flndang cozl can be used 'j e
"inas a single search 6011 40@ regions whera there are |
:x= fn0 1ndlcat10n& of an are bedy. , It\wauld normally be

“ 50 uﬁed &ﬂa the ether aemls would only come 1nto play -

‘r]:,where the elllmtiaal chazacter of the field was marhed

‘fn Thua the three 0011 methﬂd iﬁclmdes the sxngla coil

"“‘V","‘method.

The selectar sw1tch panel can be made very cemar‘

”'f  ;pact and will probably be mountedf;ﬂﬁiae Lhe 6911 asaw

‘(embly. The pan@l Gﬁﬂ%alﬂm two aeleator SWItcnes to

g alter the number of tumns in the varlable coil a revﬁ e

'~ era1ng sw1tah for tﬁe flxed e01¢ ana a 6W1Lah tg
 *;eane0t eiﬁher the locatmng coil or the flxed direcwﬂ
‘ ffi1on finding cnll to0' the detectar. Ay ‘

- The detector Whlﬂh wzll be‘mountea ‘on ‘one of -
  the 1egs of tha Lrlpod Will be eather a detector~,5‘f
]éampllfier head phone set or a vacuum tube voltmeter;~

‘ * ”he lanter would be preferable f if sufflclent sen-




<~51t1v1ty can be comblned w1tn a rugged constructlcn.
Field Erocedure.‘ et e e o

The standard method of electrcmagnet;c pros- w

g pcctlng, us&ﬂg a alngle search coil has been descr1w1:-{

f~bed, tagcther wzth a secend method uﬁmng three 00115..‘

f’Since my obgect has been LQ atf@mPt 30 develop the

ffi 1atter ;orm of apparatus wath a alew to the msre cam—,~

7-§plete determlnatlon of the field Glllpbe the fleld
N’procedure wall be described from uhe standp01nt of
ithe three coil anparatus,g The proceduxe for a slngle
‘» eo11 is included aa Lhe more complex anparatus 15
‘*fused in thls way for prellmxnary/1nve5tlgaui0n.,ﬁw

xt ie assumed that in 1ndicatlon of a. posezbie

°‘_furebody has been obt&ined by gealogzcal or mlnlnﬂ work,~

”and that Lhe reglon is to e @xamlnea geOphy81ca11y

‘“] t0 determlne the 1ocatxan ana aourﬁe of Lhe Qre,‘{”A

base 11ne 10 ilrst establiahed aloug Lhe strlkc of

”';‘the probable VEln system and- Lraversa 11nea ara run

 7“at suitabTe 1nuerva1 of Bay 100 i&et.e The Gﬁll amu«:{"

% feﬁna 1s then seL up on sne e 11ne inaa convenienu

f':‘;Dositﬁon ta examine ﬁh@ area. ® §j}

To examine the fler w1th ohe flxed direcu;on
~ilnd1ng 0011 i vsedas a single eoil the reee1v1ng o
1”set is seﬁ up, levelle& ana a smght taken through the

hollow splnale back at the oscillator. ?he osclllatnr

5'; 1& then ecﬁ in cperation and bhe 0011 antenﬂa is rot»,"

: ated bv an assigtanx mO that tne axis Gf the 0011




| el ‘kikﬁ~:,:f‘1y3°‘v . " |
 :aasemb1yc01ra1des Wlbh fhe vertlcal plane contézazng\;‘
* the 0011 antenma,,: Tnm swzteh on the selector panel
 15 set BO »hat the flxed dlrectlon 11ndiﬁg coil is f”l‘

" connected to the deﬁectoz, : Epon revolving the 0011 :

",‘aasembly round the 51ght1ng ayls a pogltlgn og min«,f f”,
k; j1mum 1nd1cation is glven in. the heaﬁﬁhanes.f’ ir nQ,J“V
orébgdy iS Pre»ent the flxed dlrectlon flndlng 0011;55"

" " shou1d be horzzontal When thla @dgustmenﬁ has been el

”ffmade. e

1L there iﬁ an QT@ depogit Dresent thﬁ dzrec; ﬁ 

~‘tion findimg 0011 wiil not be horléantal »ana, 1n allk

: probabillty L the minlmum 1ndlcat1an1n the aetactar

"“  fwi1l be very broad.«” In this case the dlp readﬁng

7of the fixed directlan fmndlng call ia entexed 1n ﬁhe '
‘  sn9te book and the apparatu& ie used¢Lo:mea¢ur@<@he V4
f?.,,‘ez_lwtica,l flelda, LR T i
To meaﬂure the elliptical flﬁld the SWltoh

k: lB fvrwt set to cut 1n the 1ocatinﬂ coil, , The WhﬁleLék

 5‘Ma55gmbly isifhen rccked aboutbthe 1n%enmed1ata axlﬁ

“toward ow away from the &mmeetlgn of the asczll&tox

  (1n the plane of the 0911 antenna} untll tne ?aro ,
“ Lpos1L1on 19 found. Tt 13 ﬁOuBlblS ﬁhat the lower s
: plate Wlll have to be umolamped and the coils‘rohated :
[sllghtly about the vertlcal axis ;'1n eongunctlon with
the rocking motlan “to blin& the 1ocatlng coil ACCUTe

kately 1nto the pl@ne 0¢ the ellwpze. - When the plan@[

- of zero 1ndlcauion has been Louna, bhe two lower cz%clea




‘ 195‘7f.

‘\4Jare clampea,}j ihe &lrectlan flﬂdlﬂg coils are now

“jiat rxght an 1e° ﬁa the plane ﬁf bne ell;pse, ;

n ‘f~”he next operatlon 15 to aeLermlne the dlps ;
J‘~and relatlve ?angths of the axas of tﬂe elllpees ; T
"fThe qutch‘lS again Sbt so thau the flxed élrectxan ,‘

'.yzlndlng 3011 only is. in clrﬂuvt and hhe coila are

‘\JJrotated around ﬂhe alghtlng axxs until a pQSltlon of:

   f :min1mam intensity is found.,i The minor akls af the"

",_ellipse Wlll then be narmal ﬁo the fixed call, The

J~7lsecond switeh 15 then set 50 that thﬂ'fvxed and Var¥‘ 

7[;1able cnxls are balanced against each other and

 7f1nal1y, the aelecter switahes and reversing swmteb

| '   ;%€ mnipulated antil b&l&nc@ is abtamedo - f,

The resulﬁ af tﬂis aperatzon 1& that thrae ‘
- angles and one ratlo are abtazned, The rea&zng af u

'fﬁ;the 1owar plate givea tha azzmuth angle nf the atrike :

‘:f ~9f th@ plane of Lha alliyaey the readzng of tha

 ﬂfintermed1&te gr&ﬁuaoed airele give& its dlpaf wnlle

‘ ﬁffthe upper circle glves the dipa of ﬁh@ magor and -

'fnunar axes in hhe plane of the ellipaeo_  ﬁﬁually, |
%Tftne nlane of the ellipse will be practlcally ver~‘gk~ 

"f tiea1 and these latter readzngs m&y be uaea un«

4' ~i:corw3cted9:,1n tbe ~case o a flat lying ellipse, L

kJ ,;the actual aaxmuth and 1nolimablan af the axes may_'

  ffbe ea311y camputed.,'




  The ﬂhomae cf Frequemcy.,~ '

S The voltage 1nduced in tha orebody, and that
f‘findueed in the coils of the receiver ‘are preportional
’,fto the frequency§/ the first 13 prapertional to Lhe L
‘fafirst power, ‘and the second to the squareo. Therefoie

‘ a hzgh frequency Would appe&r to be af advant&ge 1n

'"‘finducing a large current in the orebody? and hanee

| ﬁ7fin praduaing a 1arge seeandary f&eld.‘ Unfartun&tely,

«Y th1s 15 cnly partlally the eaae ‘aince the higﬂer the

j f{Erequengy’ the greater ﬁhe &bscrptioﬂ by eddy“aurrents

"fj in the overburden and everlyzng“focks. 

L‘A palnt is

w; ire&0hed where an increa e lﬁ frequency;wed&a@s a £3, “‘;

|    trat1an of the magnetlc field,}7
o effect will be £

' fduction in 1nduet1ve effeat, aw;ng to ﬁhe 1@% peme-k;f

Thm% absorptlen

ggsed!&n{ya ‘ From e&peraw

' ';7mental resul%a in cavea and- tunneTg; it Was found

°‘;ftnat frequencg ot 20~o® kilaf

L Bl
*y,SultB for penetrat%gn. L

“E gaV@ the best re-','

“:would therefcre appear

‘“i‘_ﬁthat smme frequency in this\band Wculd ba the bes&

“»? th01ﬁ6.; H@wever the deaign af the QSGillator will ;

?i enter 1nto the prablem, an&_it will pxobably be found’

;”e;x‘that there lﬁ dif;lgulty ln obtaﬁnlng enaugh 1ndue- [

< tance in the antenna circuit for efficient cperatian ~

":;and that a higher frequency'W171 gave better results. e

1. GEve & Keys. Nature, vol. 124, page 178, 1929.




"“JEleotrlcaW onnertzes of Ros}s and Exnermls.,s"
; Et will be evmdent .rom the feregamn dlsﬁl‘i
i*cusszon uhat 1t is Lhe dlfference 1n xelative can-'i

‘7i‘ductlvipj, bet%een the ﬂre minerals and the racks and

S overbur@em surroundlng them which makes the geea

'ﬁ e1ectrvﬂa1 methoﬁs paqaiblee;f We shall naw examlne

.ﬁ,

;;‘ 3the resiatzvity of these materlals, », _,*;;‘,_

: The fallewﬁng table 15 taken frsmvthﬁ:repart

'7: f of the Imperial Geaphysica& Experiment&l ﬁurvey, andi1_ 

' ~ ]1& the rea&?t gf measuremants made on rack 1n plase.;'

V ”Aig;fgﬂnconeglldated Formathﬂso*

(

a7f;_The valaes of resiﬁt1v1tieu are given 1m ahma per CMoii‘f’f 

77eube., <

Resis tivzty.“

Ohms/cm mbe

”EgﬁéiiéiQV:;r‘

‘ &3;:6 ystalilne Rocksi¥57ﬁ**"" ”’° T "*'Zx”o 0%

4

'1 f3;g'Gonsc1idated Seaimentax~«ﬁueas.fﬁ;ff‘ ”;O;F;Saqo
“,~;I>$haless 81&%35 Limestanesé @te.,f~  -

i A e o e

. Clays, Sands, GI acial Depoaxts, eta.:f [§D‘fﬁf

. ore 3inerals.;(8elected Samples)

" Chalcopyrite, ‘Bornité, Chalcoeite, g f;MjD“ﬁ{4;}[
“#QT,?yrite Galena Pyrrhatlte, eta.;xﬁf,.;m:, o

’°g"E; gUnder round Water.

nlﬂormal Water, *“table) R L
828
SEL

' Sphalerite, Hematite, Stibnite, et@.w;l;PP%f1°~:‘f'




g2,
: Th impovtance 0¢ re31Ftlv1tJ measvrement neing

‘?m 6@ Oﬂ rock Ln place 11 e 1n the faut Lnat Lhe pren “‘

%#Lvence of waber decreases the values con 1der&bly.;

/ ’~f p6rmp&ﬁ1ﬁ ‘rocks &na overburden i& 11ke1y Lo ha @‘w

'fgreslativitv *atzo betwecn rOLkﬁ;

,Eeawu?ement maac 1n Lne 1aboratarj on dry spec1«7
”mens ubual1y ahew reQist1v1uy values many hunareas
?of tlmss tﬁase Evven 1n the tabTeo« This uhGWS that

L

,E_eoncuctﬁon 1n rockm mainly Df &ﬂ electrmlytlc

\f,character. wheraas ﬁn mlﬁ@rmlﬁ,”thF reverse ls the

1case canductlon bezng matal i@.

Ihe presence of soﬂubleg gl*syln the:water o

'very deleterlou” ezfcnts vﬁon the &ucaesm af tﬂls

~fmethou of prﬁsgecting., “E  Ft it ﬁlminzsneg thef~’l

and oraw-‘ geaondly,
flt produces a screcniné amtion ‘v11ch causcs aﬁmar§~~

'in

‘ of &he electromagnetlc waveaa’ ome distrlctaﬁ“

:as in parts’cf Auﬁtralia;;whereﬁhe underground

 “§5water5 are highly sallne, praopecting bv geoelec»v],

”7 ftr1c&l methods may oe amnosszble,

'»1n»Br1L15h Gol~.

iVumbla,« itble trouble ahoula be experienceﬁ 31nee

Iflfthe W&b@rﬁ are for the mﬂst pa?L frﬁﬁh and Qf hlgh

.hresi%tlvity., Agaln the presence of soluble salt@ f7
; may 1ve risé o 1arge aut of nhaso fields ow1ng to"
'{:"’the 'f"elatlvnlj 1ou T‘asi.;tlm 'ty, these however |
 can usuallv be dlwﬁlﬂ@ﬂ*Qhed at once from orebodles

J oW1ng to thelr uniform qua11tj.k

Upon startlng to overate in a new distrlct



http://resistivityvalu.es

 7f,thera is a pronounced diffcsence of oplnlon b@tween

'ﬁ-flwadmnb geophyslclsts.J J@kesky OQHElQerE that the‘

: 53,-‘

'the avcrage reolgt1v1ty oz caunury roék aﬂa bvef~ 
 bufdem should De aetermzned by me@suremenbs unon   'l
”materval in olace.~f Ary atanaarm eawth resi u%nse
 ¥aystem may be eﬂploved, 8s | exulalneé in boaks on’ ‘

;:geophyslcal Surveyln ; The average res;stsv1ty of

' the orebodles oannat u ﬁ%llj bﬂ th i ed on ore 1n | |
Kk‘!plage and mubt be made on selectee vamplea. | |
b Zn dctermlnlng t e phame of ﬁhﬁ Beaoneary
{fiéld, »he rcszstanne and 1nductamce of the ore mat«

“ é¥ia muat bn tqken 1nto accaunta On thls matter

'rﬁactaace of . an orebndy 13 DTS@OMlﬂan%IV Gayaclbm
a’cwed especlallv 1n the c&se af dlﬁqemlnatcd
,;f%ulted ané brokeﬂ ores, ' In thla svenﬁ, tha 1mpedf
";ance would Qecrpase Wlth frecuency increase. He
tates that in hl« exnarman&e m&ng ore 'y which were :
‘  practically nsn«cgvducter at 19w frecuenclns or
_W1Ln dlréct cvrrent Qhow a vc?y law mpedance to ’
hl&h irequenvy currembs,‘j Thls W&S found Lo uz the ,
o oase in désa?t revlon . Where no momsture OuChIE 1n
«,the orebodleﬁ."", | V“ ,k,‘   |  ', '  ih
On ﬁhe bther h&nd Suﬁdbérgg‘béiiéﬁeéfﬁhéii‘

‘»1;7:3.J.Jak08ky “Geodhyszcal ProsPeetlng“-A,l M E,

" 2. ~Suhd’berg\ A "‘y ey




L :the onp051te is the case, and that the reactanceg'if“ 

k,;any,‘ls mredomznantly inductlve, If thls 15 80, the

1"1mpedance w11 J ncrease with frequency'}' 1t is 1n~
f:teresting to note that Sundberg uses low frequemcyl
 ;{500 1655T3me£hods, prlnalpally,‘so that he may be
”said to have the cnurage of nle cbnvzctlons.  '_ :
¢he theary will be advanced in Part ll that

(Q?the diztrlbution of high irequency currents (skin

QK4 effect) alone determ1nes tne reactance of tne ore~ -

"] bodyaWhich is nearly COHSt&nt ané equal tQ the

‘i?{effaeﬁ;va reszmtanca.,  If thl ws tru e the phase‘

”'Qlangle of the secandary field due te the currentg 1n,_

  jthe ore ls constant and equal to 45 lagging,lgitv '

 ajwou1a be 1ntereating to tesL thls theary aut by

"“meaasurements on an &ctual orebodg at varying freq~' e

Pt

a uena1es.

‘_Interpretatxon of R@rultse

Upon completion of thEufle1d W@rk 1n an area,

"flfbhe results are taken Lo the oixzce aﬁd a aet ai

 f“inaex curves" for eaoh travcr&a are constrncted. ‘

:" fThe 1ndex curve 1s a graphical way Of flnd1ng Lhe

~ f appr0x1mate aeptn of a conductor below the surface
7ﬁfrom a OOFSiQer&tEDn of the mlnor axls of the ell~
,‘1pse. It is rore or 1ess emplrical the asaump«“'
‘ »t1on belng made that the pr?mary veotor is har17~“
*“Ontal and the secondarJ vecLor vertﬁcal. ‘ The con~ |

';fstructlon 15 as follows flg 13




0-be belmv t““xa

ﬁp01nt P and simce the dlp an”l avare the Eame un'

‘ﬂgeaeh eide of P 4t is vertieal Gontinue ﬁhe leV

Tn‘r?his proeedure gives one Pcint on_,he curve.; Otherf 

,1nts are located bv a Blm1lar eonstructloﬂ,¥  mhe,f;‘

fa;Ycurve 1n thlE case9 1s approxzmatelJ a parabola,,a”

 ’ﬁwa1Lh axls vertlcal.i: The aepth of the oreboﬁy does;r;v ;i;ff1?




6*f,:

““‘  not necessarllJ ca1n01&e w1th tn apex,of,the eurve

L Cavives

‘7a:;Q§bodies may be Calculated°ff‘

ebody ls oharacterlzea bJ Un“'f’*

A dappingk %

'V757equa1 dlps on elther side o; fhe apex,;: Whe 7naex

k‘Q n:that diamond &vllling &hould be'sﬁarted on thef61de

'*~0wing to the refractlon of;ihe‘electromaﬁnetlc waves .

W°Gurve hag the Ehape Shown in fla 15,~* IL de evident .




V,‘dcal irregularitles. ?

¢he dlrectioa ilndlng colls

‘ ;;fsnou1d @how up to. aest advantag;gin ﬁhls‘kind Qf work

 *  §whewe the observatlon ﬁtatlons;are not neceauarily;,gﬁf

 'the samp elevatlon, 5 The proximity of the orebody
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Lo _“c*:n uhen DP euﬁlm@ted fﬁntlrelg ’Q,j ’rhe, de réé?éf

'f elllptlcal molarlzatlon 0¢ the Fleld. : Vertlcwl

 out of nhase componenuﬁ may be prtted along the

“*( t4avPr%e«« the magniﬁuge OT thc vectors vzlJlncrease

"  uB the orebody is approached dly decrease to e

’  zero ovar 1t and 1ncrease 1n the oppos1te sense au‘

' ?1t‘i ,cragfed“n~ Thvb the poznﬁ on the Lravexse . at
 which bhe TeVPralng sv1tch ta the fvxed coll 1& operQ o
Q;&ted qhould indicafe the amex ox the conductm |

’;\¢”h1s 1& one of the advantagcg'oi the threc COll appw

‘;f aratu which ough1 to maLe thékzﬁt&rpretatlen of

k'TCﬁult ea51er in o mounﬁ&zﬁaus counbrj ; ljhe Brlt«,

:leSﬁ Calumbla where vael terraln is the e ceptxon

f' f‘raﬁhev thhﬂ ﬁhe rule. lu“

In alectvom@gnetlc Drospeauzng, the r ﬁ:a sf
”‘c:onducwwty of cs f ren‘b zones is ‘mdmated by the

\'f,inﬁtrunent hemce alliﬂaicatmenﬁ obuained do not

~:_nereusar11y indmcntc @rebodi@s.- Wet sheam one"f

furwﬁchlst9$e gfaphltlc reeka will of ten glve 1nd1c~ =
;atxons simi?ar uo ore. Geolegical evmaence aﬂd i
‘5= nraet1na7 &Kberlencp lﬁ Lhe dzetrict mupt be v@lled
; on fo*digtingv?shirg theae featuzeﬁa : Furﬁher study i 
* 1$ neceﬁsary, along thl% 11ne 4n the f¢eld,,1.“
l kv: The accurate 1nterpretation of geophysicai
data can only be made 1n eongunotion With ex1stvng‘
ffgeologzcaT and mlnlng dmta. Underg@ound snructure
  1s usua_lj very complex,f: ore hoota 9well and pinch
:  ve1ns have vrregular dips and geo1oglca3 featurea

are compllcated by numerous faults.; The geophyea




o . _zggg'
:i st mu t aLso be a gecloglﬁt ana shoul& be asglsted

bj the bc t lOle knowleage aval?able. Wnese‘methods;

' ,are no lonéev 1n uﬂ81r 1nfwnny, but they mbst be.

‘ cuxred.

‘J1ntelli ently apg11eg to ﬂch aulsfactor" “esultsa
7  Tha'connon bellef that the ex stance of nﬂneral 1s
‘ f1nd1cdted by,a sz?erlour eleetrlcal appllance 18
m;erroaeeus. Eécn ingd i t*on Oi mlneral ﬁus» bc exam~
| 1medon vt’s Qwﬁ m@ d correlat&d Wlth uhe geo«
‘“71egyioi the‘terrazn.» On@ anplleatian uf geophysm;~
  1ea1 work is the aTiminat&en of oamren aseas hezore :
’»the expense 01 Grllling or undergraund work 1; ln»‘
Qh siﬁ&l:’§lerat1on;’ 
Appwoxﬁmate c@st% ase noﬁ«easy bo estxmate.

Csats of Geo

iifThey vaxy W1Lh ‘the nature oi Lh@ @ronnﬁ thiakncas”’
‘”fof v&gntatlonﬁ acceaalbllﬂty for tranSQortabion,'etca
'~;An avera e party of 5 to men shoqu covev fram 8
‘ta ?5 mcras rer dmy, Kclusive 94 pxellmln@rj aur»
‘ !veyiné, la’ylnu out. of baae 11n65 aﬁq thVerces Thei
\I G.E.S. gives § ;@5 pcr aere aa Lhe averaﬁe coat .
‘ ,unQer Aaatralzan conditlonw. : tn Brlbish E@lumala,
Ehe cast should be muoh the wameh «A few thounand
‘dellars laid ouﬁ in thls waJ may s&ve m&nj thaamands
}13 later developmrnt 2 These metnoda are,fsr:lnten~’
isxve‘exnm* Lzon of areas ‘:u geCued of mznerwllﬁatlon."
They are 1n generul not gulfab?e for reconnalﬁsance
;prospeetlng as theve are chedper methoas xoz tn¢s

work._
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Hathemstical Considerstion of the Electromacnetic

Fields in the Region of an Orebody.

General Case of Two Fields diffe’ri ng in Direé’cion

gnd Tim‘e Phage., Consmer the ca,se shown :m 1“15 16.;

‘The vector H sm(w+ ) ma,kes an angle ) *'9 with the

vector H, s wt , |

A

H,S(vﬁ v

sl coe e Figlﬁe

Resolving these vectors along Xand Y axes, we have |

X = H, Si;\(w'\' o() cos & | ;
Y= H sim wt - Hz SM(wf—x) S O
: . | "
Eext ellmina;be o . T2 Sl coso
and , . o

‘ ot = st X+ X
 Substituting, e |
R Y= H‘ snh{s:i«" a +,><j - X _...45“”“?
b Hicese i cese

Sin O
H Sm(Sm )wsx +605/Sm L Sww()) X L
H;cose Hyco>©/ Cosé

‘gx cosal @—Z—-—SMO{Z-—XSMQ

cos O

"

I,HzCOse ' /‘{l Cos@ :

and squaring, a hd re Grranging

oy Y . ot = - S : 9 .
H-;Cosze X Sin Zb( - :£__ — ZX r{CoSa( — I» f
H, Cos i ' H"" CHG HLC.’OSQ H,cost

+' "XZ cos’ 2 cosHSm O _i__f_‘_ﬁ_é'_ ;7

- L 2
H;"coslé M, Hy quze H, “eos Z]




e Thig equaﬁlon 13 of the general tYPe |
' | Ax + Zﬁxy + Cyz ‘

 hichf1s the equatlon of an elllpse.  §£§2¢

?f L?ame glven by the relatlon s il -
Pl ,—, ’(A+c9'* VAH C) +&4B

The above dlscu351on can be extended to

h\

57?c0ver any number cf flelds in three dzmen51ons by

Tsaddlng the axial campomentg ef the dlfferent fieldse ~ *\

e xfThuB the resultant axial co,pon' te o
X Hx S‘h(w-‘—h’() + H>c S'V‘(Wi-'h() + H Sm(w‘\“\"o( )

Y H Sm(wi‘h() + H S\v\ (wf’-c—o() + H sm(w*-f—o(")

Z H Sm(w‘\"‘i'o() ‘H‘ sin (w‘i’o{ + H SIH(L«J"”"'O( )

'o<¢ x f are the respectlve phaﬁe angles.;x

. ‘,H’c{;m,‘m‘,u +Lo$‘4’f5“‘"‘} + H S\nw‘\'wsd +los u-ks.n«f—;— HJC{IIhUT;osd’+;dSufonx f
T Z=H, f } +H f -

°7i] ;and simpllfylngs

X {H (oSaH H)cwsd{v H)(,~05e( J)Sm wt + {H Sina + H)[Qno( o+ H Sy jCOSwT i e

s Y %‘H a"‘* HBC"S" v H ws«(}gm w1‘+{H3>mx + H St ke Hjs;mx ;Cos w‘f‘; o

. Z fH wsn-" H casﬂ-.f-H coSd :;Sm wi’ +{H Smd + Hsz

d + H Sm o }605 w"' ’ |
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\ 5‘The coefflcxents of Slnuﬂ' and coguﬂ‘ are constants

% ];{fand therefore, We obtaln two further equatlons.~

f gR“‘= C cos u;f Lﬁff

7_Whére Rlo Pz;:are the resultant vectors from tne com~f

"”f: pound1ng of the sine terms and the oosine terms res-

“?  1pect1velys The veetors R, and R,_are 90 out of

,Q,’f”phase so we obtamn a single resultant veetor which‘.

| ,ratateﬁ ln one plane and ic ellaptlcally pelarxzed.~ 
S It 1s therefcre evxdent that when many |

| fields of like frequency exist all differzng in

‘f;;space and in time phase there is always one @lane

‘5' through any palnt Which is parallel to the resul» :
 ~_tant field and furthenmore th&t the resultant

» "f1e1d 15 elllptioally polarized 1n that pxanea o In

;;Tthe three coil method the 1ocating 0011 fands thlsf,f

“]fplane while the dlrection findlng comls determlne

"1the ratao ai the axes of the elllpse and their dlr» Co

T eg‘{;;;_ gn,f ;‘M’;_w e _,,__,,,;.;.Qw-/.’_:..;,u.[n ;, L h ST

e Crltgrn.@ .f.ﬂr Gcmglete Detgmination of the Ellipse.

For a c@mplete determination of the elllpse, 
: we need the follow1n& infozmatlon.; S
el The dlrectlon af one axis. :MThis ist

usually the minor axms and 1s approximately glven

“7 :by the aingle coil method, . It is exactly deflned

"~  fby three angles.,

(2) ‘The dlrectlon of the other axis. 




‘SSsk

slnce the axes are mutually at rlght angles ﬁhis,\;

'may be calculated. ; ; 5 : L
(5) ~ The mavnitude of the axes, The actual
,magnltudes can only be obtalned by assuming an app~

rox1mate shape for the orebody, calculatlng the

e equatlan of the corresPondlng elllpse and usang thei
7'6"measurements obtained at the point The ratio of

%fthe axes may be abtalned as explainea above and is

: sufflcient.

;pect to the prlmary fleld : This cannot be meas«i
 ured. ~ The preblem,requires further thought aa the‘
1nformatlon mlght prove very uﬁeful 1f it could be
. easily. 0btained.~< s : U

'vq Calcu1atiom of The Fleld for aﬁ_ﬂmﬁlw Gase°, l

Let us now turn to the calculation of a very o

  81mp1e case i e, that of a long stralghL conductor B

'_f'm of. small radlus at- éepth d.r»rThe origin of coé

“ordinates 13 at O. s The re¢urn conduchor is con~ o

’, sidered to be at a depth great enough that the iield
’,due to 1t 1s negllgible. Conslder the field at |
point Fo ) e S

31@ 17-'

(4) The phase of one of the axes With reSa 
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: le,
-

et h, = H, coswtand h, -

the primary and gecbndary»i‘ields at the point P,

s(wfﬂf)” be |

distant ‘% from O, Fig 18 shows the vectors at the

point P, ' N L '
; | -
‘ LR “h, e
K@ = Lo
| :
<
1
P hz ' =
Fig 189‘ ‘

e 2l cos(wh - «)
” o \Sted

’Resolving along a.xes,
\1/’ - /'1 EM e
] }\ ) + A COSQ

L SRS S cosm )

o F \Z-Tz cose'cos(co'ff‘oc)

' Le'b’ 2 I, =_A ane H = B

The:a we haVe two equa,tlons
Y - A sw\é Cos(wf' a()
X = BCOS wt + A cOse) ws(w+ o()

I\Text elimlnate wt s i‘xfom, (2)

~~
A:,_,

S1h 8 Cos ft-«)

Substitute in (3) o
, RN : cos
X = VB’COS wt  — g Sind

}

@ ®
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/ ,’\ )
wt = cos - f R
i Asneé

Ccos w"]'": e \\/ COS o £ ‘\,/;,415‘1;‘7’9"—7"1

Asme CAsimbd

Again

St o

Substitute in (4)

‘ ; s , :
e - B'Y s E Bsm w Ao -y  £o38
Asmmeo Asind St 6

XS';\9+ -%)/6054 + YCOSQ = -AB— St o \//l”s,,l.’e—}—-\r1L

Squaring and d v1dlng by sin @

X + Z_XY -$:n6cosa( +, sm@coséj E + 2B Cosucosd + cos 93

. sw'e Csme (A A

o = Bsm 4 @

‘Now spubstitute in the values, g Gl EE
,Slhé = x - . cosb = d BV: H, ; A F =

: Vockd® N o : VA
and we get, e ‘

X-+2XY Hﬁ*m}« d

" Y [H,"(:o +c/’) _/,I-I (I'fd)d CoSc('/“-—-—/ H,sn.o( @
4 1% I'x '

This equatlon ms of the typeo
AX + 2}32(‘;{ - c.x -1
and the lengths of the semi- axes are given by, ,
s :
ht(arc) T B @

and the angle © between the major axis and the vert-

ical is defined by:

on = 2B , ®
fan 28 = 77 @

When the appropriate values‘oka,B,and'C; ocbtained
from eqn. (6), are substituted in egns. (7) ana (8),

’our information about the elllpse is complete.
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Before we can use these equatlons some rel-

’  ; 7ationship between H and I, must he found. An’acé4k

urate computatlon of I, 15 not oenerally poss;ble,

1:ow1mg 50 the uncertalntj regardlng the e1actr1cal

“n;fprnpertles af the clrcuit and absorptlon in the o

"overburden, However We w111 maLe the simpllfylng‘
- assumption. that the prim&ry ang secondary flelda

"are equal at the pmint 03 then,
and Subsﬁituting in equation (6), we get,

L st ® ’ o
x + 2)(' 'd9cy Cospr + e

g2 T g At a e
+ Y (5¢ YLd?) +:2 Zf;i‘_ CDSQ( +"i—,-]= Hi sin = ; @
: d?«".;.f LT D

We wzll further assume that the reaetance of
‘ thé~orebody-1srnegllélbleqvw It was. ahown on page 1
:tﬁatwthe sécondatj’fieldglag the primarJ field by
an angle +¢ g‘where ¢=c§¥~jfﬂ»1n thls case, |
Lq>aoggand:xn_; . The expression, then, is further b
'siiaplifie‘d to- | o RS o

AXf+wLxﬁﬂi’+fY'[k +4 Jﬂékhf»hu,k ,Q§’;’ ‘
‘ Applying eqn. (7), we find that the ratio of the o

- axes is

: dl
/+(£(_7_£ ,,___ //~ dlil‘ 4‘37:.

Ser

, =
N T R s S e
‘Agaln .applylng eqn. (8), the angle (& 45 glven by :
d o o :
Jt*,d ; . " "‘ o @

a )»)"_"’f

2ol
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B Lﬁ flg 19 13 shuwn a calculated traverse of»
' the conductor, With elllpses drawn to seale,~ the :
 ratio of ‘the akes 15 glven as a curve on & horlzu‘,
’ontal base of feet, A rphe conductor is: pxesumed to 

ybm burled at a depth cf 10 feet below the polnt 0

",”sThe 1ndex curve 13 plotted by extendlng the mxnor

axis to meet the vertlcal thraugh o, anu L@em taking

'5'the correapondlng ordinate on the vertiOal llne »

‘7‘f:through the observatlon statmen,_f An examlnatlon of'

 Lhe diagram showe that the ratis of thu mxea 15 zero R

;. ﬁabove the conducbor 1ncreases ta a maximum at

": about %eﬁ ieet to rlght or left and decreaaes agaln

 5at pointe: farther remove@, V¢Again the le of the

'“fmlmor axiQ~1s zero at o, 1ncreases ta a. m&ximum at

>about Len feet to rlght or 1eft and derrea&es again
‘ jat peints further rameved, . The index curve is Seen‘f

 to.be of compiex Form and - ta Lome to an apax Juﬁt

!«,labovg LhewconaueLormlwahls 15 the tjpe of aurve

_glven by fffff the three 0011 apparatuﬁe_um.
The Blngle c011 apparatus giveﬁ a aifferent
shape of curve, By taklng eqn. (9) and leﬁtlng

,: ; -‘d,a , We get the following exPresslonp e
X 2 ] [( ez 4] o

'Thus by ignOV1ng the phase anglec¥ the elllptlcal

~fkpolarizatlon alssappears. ; The angle of dlp 15 given
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'fThe index ,urve xﬂ shawn, @loztea on thls baszs 1n
h‘fig ?D‘f( Th& euTV@ eom&s Eo a mbcn ahﬁryer ay@‘
"'there 13 diﬁivaultj in éeterminang th@ exact mas» ‘,“’

:‘ ;it7Oﬁ ef thp aﬁnduesar. | |

| i  ﬁaré ﬁamplinate& c&aea ﬁuch aﬁ dzppxn véiﬁs"
"and fl 2 b lying &encﬁitﬁ ; aan ba treahed in Lh@ &ame
{ annrr and‘will alac giv& ﬂhaaxetieal eiuzionﬁ.‘

'Allowance maj alﬂa be maée fov aha re?uxn conauctmz.‘

"LT;Whe abdaﬂt af calaulatiana 0& thip kluﬁ 1& ao get

: an iﬁﬁa 9f %he Lypa af cbsﬁrvatiun to exp&ct in mha |
?_flﬁl&. ?ach difiarenﬁ ahape oi conﬁuetwr givas xL“a

V‘own tyﬁe @f aurv@, f hharefnrea aaleul&tiena Gi &11 :

‘ ;ﬁhv cases ﬁhauld be made beicrﬁ goin inbw thﬁ

. fiela‘_  ﬁuch voxk haa been done on ma&ela, partinu
yfulariy in uhe G%SP ﬁf %ha Pph@??%- This in ﬁn eaay

. case bO nhlaalaﬁ& and taa x&au&tv have cenflrmed -
‘ zhe uhe¢weLimal wwr& bj experimeﬁt. ylmsrh hgﬂ 313D
 'b@@n &onc on. draxnpipa&,@ wibh gaad r&anl@&.‘k"

' The need fax thza wazk ?iea in tn& facn Lhat
'  whﬁlc zt i ea&y La ubt&in thcaoluticna far fhe field

given Lh@ 5h pe Qf thc aundugtcr, tne canvar&e LE not f

5 ,@ﬂﬁy aﬁd is beﬁter obtain@d em@iricaliy.

1} Easan ¥ax. “Geaphys. Prosp@cting" A,I H.E.1929
2) Bepert % G,T.a. P 286 ﬁamb. Unlv Press. 193%
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ﬁ 7The Hature of tne field from the Osclllator.
S It is now necessary to consider ﬁhe nature

of the magnetlc fleld whlch orlglnates at the csca

 {j1llator.e7 The argument follows Haxwell‘s fundamp

ntal prlnciples and wzli be fellawed throughout

: ,in detall, 1n order to obtazn convenlent axpre351ons

“l ]for practical use 1&56:.%.~;?~?‘i

‘ Tquat1ons of the Electro gnetic Flelde In 99351d~‘;:~

‘”ering Lhe nature of the electromagnetlc flald; We'i
have Lwo quantlties te examzne°¥‘ First there 1&
*aéthe magnetic aircuit which may be symbollzed by,

BepH-Hyarl ®

V,iﬂaere E5 flux density, f4 mag etic faeld intens»;‘

:,T’ ity and J;—lntenslty oi magnetizatlon in the region

Jffdue to the magnetlzing foree Mv permeabillty

‘;fof the medzum. Theae quantitie ; except f@, are
  7vectors, though Lhey noxmally Operate in the same
'5d1rectzon in an iaotr0p1c medlum. | Also we have the
irelationﬁhlp, i  ‘  ‘7'f 7j \   [' ;   ;q“*' "
vB-o - B
’€7Thms i a stahement of Gauss’ Law, and postulates -
';that as muah magnetism leaves any reglon as enters it.~
Secondly, we have the electrlc clrcult |

D-xE<-E+anP @

‘; (1) The material for this discus ion Wés*ﬁﬁken5 :

 7-from the following sources: - e

~ J.H.Jeans "Electricity and maﬁnetism" C U. P.
~ Page. "Intro. to. Theoretical Physics" :
- Gibb and Wilson "vector Analysis“



http://pra.cti.cal

‘ *’!he"f‘e D_ electmc dz.splacement or 1nductlon :m the
::f"~"reg1 on, E eleetrw intensity whlch proauoes the |
: g'pola.rlzatlon P :m the dlelectrlc. k ;s the d1e1~
i“f,;,l‘ectrlc cons’cant of the medmm,, Tb.e la.t.ter 3.s Q-BQHJ-

i 411 times the dz.electrlc censta.nt as usually meas‘-”

S fured butnm used here :m thls fa::m t.o retaln the ‘

' ‘,“symme‘sry between equats.nns 15 and 17. ; Thes& quannf

| 'i~t1ties alsaw a.re vectors though nox'ma,llJ in’“ he

j“gsame J.me? 1. e.‘ in Vacuum or motropic medn.um.‘ : Wé ‘

fvha,ve also, ?olssans equation

V D =Y. (E +an P) _-_szs
;here p density of. free electmclty :m the B@glono i

Ampere '8 rule states Lhat the lixle ‘integral

V'Z"‘af the magne’cic force H round any reg:.an, m equal

"fte an tmes tb.e aurface in’cegral of the current

.;;densityJ taken over the same reglon. Therefore

f - de =am f J-n dr,:_

"."'where h«ia uni“b ~Veci;0:c :m dlrectlon ef vecwrdd‘o

- Thm_-can be tranafomed into the i’ollomng, by Stokes e

i "_[‘heorem

ff"‘i:d/k 4n/Jn da 4VxH,n dcr

§ ,or in other Words,

Cul/l H =4n ‘J :::v‘; ‘, -

# The Iollowing integral notation 15 usede
‘denotes line. J.ntegral :
f dénotes surface 1ntegral s
fdenotes valume integra,l.




: 41’ ;
There are poznts to notlce about thws result,

1, f1rst that lt ayplxes enly for steady dlrect cura‘

’ff‘rent‘ f.wn magnetostatlcs

CurlH ‘—VXV% o

, there'V/ 1@ the magnetic potential,:, Secondly, /' 57

§7 gI’ CD fa% steady dlrect current.u Thls lat-

7:{ ter 5tatement zays Lhat current does nat callect at

‘;;f  any point or‘that as much leaves a region as enter3'37‘

- Let us new passon to a regi@ﬂ where the sur~~>f
‘“ rent densluy is a::hamgzl,n.g:.,7.l Consider the case of a.

'“ibody whleh 15 belng charged by means of a current

?77ﬁ 1 flowing through a Wira &B (see fig) Let charge ?1

';y‘;f;\an on body at any instant be
»o : q:. i ‘De‘gpr‘j%bej:;i,a,,_@u»rfa’,ga g
azound the body, and call \1'

the dlsplaaement bhereon el

”7f¢ﬂfan ;g differentla 1ng,

. [2D ndcr ‘?ﬁ/; R
;, Buﬁ i ~I 1ntegrated over the area of the ware = 3F
| 2B nde =—an/Jnds

, et (r,@f' i |
The negative pign before the secand 1ntegral is on -
accoumt of the 1nward flow of current Whereaa n.
'the unl't vector norm.al tomthe surface element da'
‘ , is drawn Wlth the posxtive direction outwardgkf Erom S

fthls We get




_nd‘

,};h,g,er@? gﬂg. | ; 7
f[jrent the disPlacement current

| ‘*3'the current 1@ ehanglng. \

We have ncw got the equahlons of the electrlc;'e

‘ ,jand magnetlc circumts themselves and aleo a cross L

“'“7girelatiom between the magnetic intenslty H and the

\ ';idiSPIaQement D. : We now proceed to develop another

"ff and ﬁhe magnetmc 1ux den91ty P

Faradays 1aw states that the llne 1ntegva1

' f of tne electric 1ntenslty,round any closed circmlt; f"‘

“'fi?cross relatlonshlp between the eTectrlc 1nten51ty E\gj,;:  ﬁn




| o 48 ;
;15 numerieally equal to the tlme rate of decreaae ofg
'magnetic flux through it" 1n Other Words
. M.&.F._,~ =i%%¥ where ﬂ is the number of
 11ne llnkagea._‘ Thevefore _,‘i~~ 1;,~ ; ~f~‘;" ,H R T y
and by Stokes’ Theorem » e it Lo

‘and therefore s ;f o  3£§< f'_ f‘#~;; SO AR
1 e TR e o
Curl E. 'E"'";[ S ‘ @ AL

f‘Wave Prow@g¢tien ef Electrlcal Fffectsaw5~v

ln eqns. 21 and 22 We raVC obtalned the nec»‘_

” -,essary informatian La proeeeﬂ. ; Slnce we are pri~

g _fbut vX X H = UM _VH

*marily 1ntereatea 1n the region outside the Wiﬁe

‘ccarrylng the current we may put,i 0. Then
B Cur| H aD /\’ BE :

Q)

| w\ﬂ
: gg

"Substltuting eqn, 22& in 21&

< V% T x H- & % (Vx E) - _ z“ %ﬁ, i

’,:':"VVH “y,jfsj,nygeb VH""VB -O |

'°1milarly ‘ , i
R VA VA E VVE =-V.WVE

-

' ’s.me v E e rwbere:ha free charge

L vvE- s 2E g

et P
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44, e
These are extenalon of Laplace’s equatlon :
¢4 to oover rebzonc in tne vmciniuy of mavmng electric |

 ch&rges, ‘ ”hey do neb hola fcr %eglons containlng

f‘anwaree cnarges, In a gas free charges are neg-

“”5f;a might hanﬁed coordinate system°~u

- fuult vectors alang the axedes

‘7:'}therefore we have for the X component

i T, f0r H H H

Theae equat%ens by the fellowxng tranaform

Iae t

15%0&1&? magniiudea of the vcctor E along the axeg offﬁ

'1f~mat10n% ca be put 1n ancther farm,¢ E Ez be 
alsa 1etl1 K be
f”hen

VVE Vv[’E"*JEv - "E]
- V\@(J[E 'I'j \J+KE]

9 HKBE,(: 9.';,(, azg,c ‘+ ;E
a+2.s ox* aj 92

§7'?7l:

'ffSimilar equatioms hold for y ana z componentsp

| a;lsb? :

We«have then 31x equatlons as folni
Clows '3¢Exw  £f kéﬁéﬁ 2 E“ Qhégf’-’ s

N erag, ag L a5] b @
T e *3x?~f_~ay . Dz . .

At T pw ~3?f, ﬁ 7‘ o o=rd 4o

P H“’ — _93_’:})—}-—1” B AL B _a___;_.‘]

Dr= T Y 7” 2 T B

dHio S0F Qb f Dl DaHa]

| ”hese are the general dlfferentlal equationsyof anf .
 §effect smmllar 4o a wave motlon propawatea through
”‘fhe medﬁum Wztb a Velocity/f;: | In air or vacuum
;h5the values offA andf< are both Unity in thls caae

 5 the Wave travels Wlth ve1001ty c

Whlch ie the same f  ‘




O ki / b ‘55_‘
'as the velonlty cf llght

~‘?lane Electromégnetlc Waves.~

con51der the fcregolna equations appllea te

g plane vaa,ve adva.ncmg along the x axip: ta,l:e SR

. the electric 1nt9nslty vectn , thenm oy
: 9.E _ 2E. @

: oE TR e

‘ ana Lne solvtien of thi$ equation is

Esm an(—'?——?'i

‘  ,Thl8 equation states thaﬁ the instantaneous value o

. ,of the electrlc force deacrzbes glﬂusaidal varlatloﬂ&

wboth witn respect to tlme and with reﬂpeot to Space.\‘
| that in the perlodzc tlme T the W&V& has travelled =
: 5a dlatance equal to tn e wave length./\ and+gigznkhét‘
~'_the velocity ox propagatiun of the Wave 13'5%1“f“
kow in the aaae of a nlane wave mo¢1ng in anJ o
directien equatlon 28 can be wrltten : ot S
e - Esm zn( '—i)':—a Ee %HJ[\ ?] : : '
where s is the distance measured along the 11ne of
 propagat19n of- Lhe Waveuﬁ~ Let n be unlh vector

i'along thls Bame llne then

“and by 'eqn‘; \'21&* SRR e e
y ,“ 2H"_ __/__@,Q‘ .
miigede, RSB aLSl 0 T
Similarly, by eqn. 22&, e S R
o ) T @Y ,

~These a*e the Wave equatlons and can be sclved by

'MsubSultutlng for the operators;a s «-.,‘ By eqn. 29




1 dlffer%?t%a+5n894 ,  'k;?‘ V ;iﬂfég;ﬁiﬁi o
.  5$ =55(e) = ‘—‘—nsjf[:'é L2 T 2 e
Sl e T ;
and ‘éimilarly, 2 .20y

| T v |
LSubstitvtlng ‘these results in eanso 50 and 31

—J'-_an:_;_'fZ”D
‘wnd letting v velooity of wave e
| }4 xn = U-L) v 2;~‘  ,1;  §!§ 
ifThe ﬂe&&tlve algn 18 eliminated by changing the -
aordez of the oross proﬁuct,;‘ SﬁmllarWy, I

 (TgIt will be easxlv een from these equatlons that the
‘Jvectora E B and n are an at rlght angles,u For ins-

tance,fdottlng both sldes thh n in eqn.faz

Hxn.n = an  , 
| ::,finw><n
- V:ﬁwfp4&¢ iLJ;e;{D sinae nxn‘~C)a1waJ5.v f5:ﬂ

~Slm11arly B n lﬁ*&1¥&yu Zero. ~This- shows that the i
']vectorm D and B are. at rlght anglea to n.  Again,';
DB Hxn an Hxnan~o
‘ .$howiﬂg that D and B are at rlght angles tc each othero'
| The diagram, flg 21 ahows how the electrlc
V¢ }and magnetlc vectors are related. D and B form a.
: _ right handed system Wlth n, and are vn tne wave  ~ |
lkfront. Note that E 1e not covncldnnt w1th D unless, l,‘

,the medium.ls 1sotroplc,7




: Dll‘echon g :
SRS vFquQ e

Fig 21.;~

'“~aj{{j§Q§zgz af the %ave,»; Payntmngs Theor@m,~ '

:Ehe energy passing any surfaae may be shown

“ffﬁ,fto be the vectnr produet of E and H as fallows;v?~

x
,lU
m

§7_x F¥

ey »:f‘Eubtra.ctlng 9H s

'ka'EE 95; * ﬁfi4

S‘&Tiof conser vatlon of energy,‘and;states that[the rate }f,***’

‘ J7of change of ener»y ; integrated over the whole"

'fa~reglonal volume _is/equal to bhl_energy PaSSIHg the

' *7“ sur£aoe, e ;n an anlsotrcplc medlum ﬂhe Poyntlng




! ;,g;#,energy veetor——(ExH) 15 not necessanly :m the

: “‘:::fi"ii’fdl’f‘@(‘tlcn perpendmular ta the Wave fronﬁ, ovxlng 7

SRR :
: S“cessm/\ t ’

(R .

g 'ffL'This shows tha,t magnetlc a,nd eleatmc energy per‘ cm3

””{F,are equal.‘

"The Vector }?ctentlale

We have Eaen by eqn. 16 V B 0 Kowlet JA \: o 5

";"\be a vector such that

GurlA B V"A

P mgo VB VVXA whlch is 1dentlcal’ly zero. " e




49,
VxVxA ‘ :
VVA , VVA

~Now V 147='O sinoe A *fs a vector dependnne; on J and
’?Dlva'is ze‘ro. ‘

VXB A
VXH 4HJ,,ana1nfrep HB

‘f‘k'kTherefore VXB—*#'—‘\“?’VA ,,4;nJ
| ’ f—-VV[A +Jz4 +K/4]

 ,5  o ‘ S 4”[ J)(‘ ,+ j Jy + KJ J
;j’f\/’v;Hence V VAx - — 4 J o wE

LL|\-,

Jt:

li

" - Hex#® we dra,w an zma,logymfrom La,place B equation

51 :kwhere 7V<ﬂ> -4“/? i mhere () volume density oi“

'[w(v ‘

“,electrmity smd cp p@tentlal @ In this case

P cmrre&ponds to T, a vector and qB correaponds
! ‘to A, za.nothe:c vector. Hencewe can wmte

A\ /Jy d‘/ | J dt/ |

| ‘and mul Llplymg by 0 ¥ and addlng :
L Ci Jofl/ e

where A is ca.lled Lhe~!’vector mtential" of ’che

current I, 'I‘he vwc’car potentla? at a,ny po:mt in a

s current Qarrying region. us found from the current

5 [density d by exactly the same ;process tha,t the eleo-;,\
,ytric scalar potential, cj) s found irom the vol~ |
,ume denm ty, (:, except tha,t the 1ntegratlon in the ,
‘fomer case is a vector integramon Whereaa in

the latter case it is a ztec%-er 1ntegratlon. Th‘e,f

e magnetlc fleld vector, then is found from the

vectm‘ potential by the T~e:!.au;:4.on B C’wl A
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S t1y frcm tbe veetmr potential.y

B e
Ny

e '_z;ﬁ__agnetic mcm from the Osc:l.lla’cor,

o We Wlll now try to flna an exnression fcr the
   magn1tude of Lhe field from the 0°0111ator,'7iTh%1"
”f011owing truatment is adapted from Delllnger%’7

k The radiaiwoﬂ from %n antenna 1s usuallj

1ou1ated by t&kvng th@ elactrlc amd magnetio fleldi

”equatzons far a H&TQlQﬂ doublct mCﬁliled accovd1ng i

7¥:to the ty:o of anuenna under consmﬁeration. In bhis

~c@sc we are gr;marllj 1ntexested n the magnezic

~j,;inductlon flvld We qre Onlm lntereated 1n the rad»

" fﬁ1at1on effeet iﬁ 50 far as wetw sh to avoid the 80-

Vf}callnd "aerial effeot” in omr search GOllu. R;Wéfy'

*f[w111 Lherefare 0alculate thc magnetic fleld élrec~'

The 1nstantaneova value ef the vactor poﬁ”“r,;

x ent1m1 due to the currant oenalty J 1n the vartlcal

. 'éGDﬁdUCEOI‘; 15 : e ,_ e 5 U

A Jou/ _MS:_  ds

: ‘ = R‘Jiw,-' ’,. e e : r" . e, i :
f'sinoe ~1—7*‘¥~, @nd ds dv where area of wire :

o ds -element of 1ength, There/fexe at the point P
e : e lh S
(see fig 24), "~, A = T4

 f[since h is small compared with d.

Slnce we are. deallng with a rapialJ alter-

'fnating cur ent we cannot asgsume Lnat the electro«

‘mmgnetzc effects arc propagated 1nstantaneouslj. it S

‘anQUerE a tlme‘~ for the cffect to be tranemitted
~ to the p01nt P. kov Lne current in the 0011 1&

assumed to be everyﬁhere the same and equal to
I)JH DeHM3er us. Bmmﬂds %ﬂm:em Radiation ﬁw%

€

- 9n. aa 'an ha




g ,513‘
'then 1n our expr3581on for vectar potential We must

i take the current as 1t was an 1nstant of tlme 4 bew

"'foreand therefore

 i31ng no~vaator potentlal 1n any otber plana than that

"-fpect tod ~  7

‘ '»4§y“?, d“'SVn a:[f-» ) S
WhereAA is ﬁhe vector potentlal due Lo the 1eft hand'

'~'w1re and

 due- t0 the :r:).ght hand wire. " *"berefore the tota.l

 1veotor cotential at the p01nt P is

A h;‘” ~SM w('/‘ d h]’“ 5114 w(‘f' = A= )
S : o od=d .

' ‘ch bJ eqh.. 25 l

~ -~';L_;2%A m",,~‘;;\”,'

“~since we a & conaiderlng a straight conductor havm

‘% ectmon af d.«--The factor 1/10 Waa introduced to._ 
hconvext bo amperesr5~£W~”*f’;4f5*59f3*"****5”~““’“ 

”'EOW diffefenﬁl&tl“@ A o partially Wlth res»T “‘ e

hidw
RRTYS SRR gy
H o col GOS w( ") Dd’* ( (
/‘IUT _,;,__( '__J‘_usmw T‘-
v A “’/ (+-°8)

‘ and wrxtxng d- for d~l.,51nce 1 is very small compared

With a o s ' .
: A /'IIM w 4——“‘1‘;-— i
Ao et o )0 Bt

/oca/ ' ; - /061" ‘ ,
s 2. k I'k 4% : 2hI f 4-Z) sim ‘*’/
L W ms',"w/%~ —E-)sm + 2= cos w( - ) .




fgf:If the coal contalns E turns H wzll be 1ncreased

*1/ ¥3 txmes' also substltutlng e;fecthe values for I

’O co 7 “ 2 + lo

H :‘—‘,, 2. N““’l Sta “-3-! = NI"ISW “_’_f
but ‘—:—’;;‘—A— zmd St W ““’ = L:_f if l is sma.ll compared

‘“f‘with the waveslength The complete expressmon 15":  S
| V,_H":fﬁ4” Nhéf '12n NAeI SN
O /\7- f o ,\ a= '

.[yf{ﬁhe flrst term represents the radiatlon fie1d4and

w;ffthe second the 1nductlon flelde The fermer varm  vv 

z“ﬂj,ﬁhe oaaillator is lncreased.

‘f}inversely w;th the flrst power of d whlle the 1atter ff¥ 

[; varies inveraely asmdvsquared,; Therefare the lnd~

‘@juctien field falls off E&pldly as the dlstance frmm~

o If we. equate the twon ‘

A
2n

‘.gnglelds we. find that, at-a dlstance L the twoi;”°

‘ﬁf;ffields are equal.f~ Theoretlcally : this 15 tha

.};1imit1ng dlstance from the oscillator au which Wﬂrk‘     :‘gu;,

 “f? may be dane.«AfIn practlce the &earch 60113 act as o

.Qian aerial befora ths distance is reaehed and pro~p u: ".

'f}:duce 2 81gna1 loud enaugh tm drown the response from

‘ ffan orebady,¢¢

.’;\;At 5@ .R.Ca.* 6009 meters, . d—../‘_ < 6;(:70 ’

~or appr0x1mately 5000 £t We should limiL our 5

'gjobservations to a dis t&nce of 2500 ft. from the aer»_“ S

i 1al and 1ess if possable., Four full sized clalms

J-oan thus be covered from.one set up in thls Way,\zf
:  f*the osclllatoz is located at & central p01nt.  “‘ |
” Eor an oscleator havmng an anode dissipatlon,;f'

 4‘of 25 watts w1th 500 volts on the plate the cir~ ~‘V

’fi,ulatlng current in the 0011 antenna would be about A@'f. 

ps. ' If the armal had h 6 ft 2 6ft and = 10

‘ turns then substltutlng theee values in eqn._S?




find that the 1nduction fleld at 50 K C. wauld be
Fi g gg;qen b;y H < X /0 gauss

'('l ,

iy : 5
l 52></0 . gauss at 100 ft

9 .
0. 33 X 10 Cow jfna ggg

1]

‘u : ‘ :
'“/5‘1)(/0 ' [af alggg

  Thiw Sives an 1dea oi the small fleld strength te i“

~m?_be measured.gi Thls 18 the dzrect fleld the secoﬂd«

Ty field would, m general ‘be much smaller*f

Since T

‘~;;the fleld strength ia directlyf’roportianai toﬁthe

j" fcurrent in the antenna, 1t 1s 1mporﬁant to make thls

1Q current ae lagge as posszble ,fer thls reason

“ ja large tank 1nductance 19 desirable a8 forming

'7:_"ﬁhe'antenna cmll.kﬁ ?he e@il must be air spaaed to
‘fj]keep the effectlve‘reaistance and charging current

; gg ,1ow._~ The Radlore “doughnut“ GGll ahauld be very

xii ithe number of tvrns 1n the aoil by the factors gust
(' fmentioned.»so they aannaﬁ~be 1ncreased 1ndefinite1y.
V “ Penetrati0n of Electr@mf‘naxlc

" Tsetrati0n of waves thvough roek and averburden.5,'f

‘f: Wave propagation through a me&ium with conduction

0  1may be tackled. The conduction current musu be:'

‘ geod 1t‘this resyect, Limitatlons are placed cn

Waves‘ugumeu;»g,w«

We will now turn to the question ofﬁhe Penm1["*

\?;Jeansl has lndicated 8 way 1n which the problem ef

‘f‘included in Maxwells equation for the curl of H. cr

) “;J'-'.ﬁ:;;reans: "Blectricity ”?An"d ﬁagnetisﬁ"f cnis



‘°~ “atantK ~%< *5

: , ; ‘ 54? '
VIn the vector nctatlon

VeH - 2(38 +sf=‘)

EEa Sz (Ohd'-\c“ﬂll"
The medlum haa conductzon currents and dlSplacement

‘current5.~ « ' e (IR :
‘ ’wkét),»k_zgg ?DE?,_;;an£P~:~wfﬁ

+
u

w(t ~ é:-.&ﬁn +n1)

NOWlet Ty E= : Eo é
i # e : J‘ ( hi.mz +n2_)

~ Vand

f’This i the same equatlon as for sPace where the ff

"fdieleatr:c eonstant k E 15 replaaed by a new conw¢;"

The wave equatlonsﬁmay be worked @ut 1n

}this manner and comple& expreseions obtained forf ‘n

"iwave slownese.‘n In thvs Wa‘ ;the attenuation andff'3‘
f.f,phase ahange ean- be calaulated theoretically,;,.Thef§f 

‘f‘following treatment 1& due to Zenneck; but has

'“ ; been altered te conform.to the rlght handed axes of ,‘

"‘;{umﬂdern convention.;, It affords a. useful pieture cf

'fwhat happens to a wave travelling over & conductlng f""k

In fig 25 let the dlrection of prepagatlon

H}:be the x ax1s P Which is taken in the surface of the h ‘“M

“r(‘earth. The z axis is p031t1ve in the upward dlrbf‘

‘:ection to conform thh the rlght handed conventlono

(/) J 2enneck (/ber dre Fok‘f'pfqhzuhj ebo_ne.- Elekh—o mqg,‘e;.,sc/,e,. L
Weﬂeu lqugs eme Leti'e-FlaCAe und rhre Bez:e ’\uug z.ur d;—thloseu'
_relaﬁf-nf’k-e Annc\hb‘t der P"‘15"? vol23 h84c 1907 ’

L Engrioering v

Trqusla.fed by J. A Flew\lmj e : JWH'. ’909 " e
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fu e ;’5’6,; |
| Applyxng these to the elemenb of velume i
‘ lx'dx)<dz 1n flg 6 we find that there is an ind~
 fuced current -de through the %&§$ area 1><dx

:owing to the magnetlc force H"~ and alsa 5 dlsp~~

”?  laeement current agwkde through the same axea due

; _, to camponent ~Z of the eleetric zntensity. ,=Tdta1'

’ ,current is- thereforer—-[3+étuﬁj ;z

Taking the line integral of H round’thisfaxga ‘,  

and b}' eqn. 19 fahiﬁ iﬁa«»egua’l ﬁb 4n t.‘imes Lhecura L

'f’rent enclosed by this area,‘ mherefere

4’7[51- dejz oH @ .

: ox e
V Viﬁow let H vary sznusomaally with ‘space. &nd'timg'%-
i | Ff Ae &(WT'*%lQ o .
S ielay H

‘tand substitutlng in aqn. 58, g

‘ ‘;mf}»5«wv- [} fJ(Uf{]:z o J 7/F{ " ‘g  ; '  :f!k<:>r,

w0 Slmllarly takvng the area 1X'dz

’4nE+J“”jX _9H ~é;”_g 1   49*‘~ 

”DZ~;

~ ~“wext ”aa.ke the area ddez, | By eqn.. 22, we have.

7In thls case the magnmtudes of the scalar components

" are X 4 and Z. ) fherefore

a a0
3Y 2z




57+
and , since there is no component along the Y axis

ChrfE'=‘j[2§'+ 2z =>-z-%—;

The pame result can be reaehea another way
/E A= Xelx +[2+92¢135]a!2 e 2k ,,;x,[zdz]

0z S
=[]
Slnce B and B vary slnu801da11y, , ERR
X e Z o= derd @
Ve haVe now Lhree equatlons . numbers 39 49 andél,

beuween X Z and H Ellmlnatlng X and Z from these

B e &
H:fé- is a salutlon of this eguatlon vhere
| Bgla | M ferjun]
A&na compWete 501ut10n of the uhree equatlens, E
o= Ae JBZGJ’“**?"] o G»
\X  BeA GJBZJEﬁW%] L C@

; ‘4”5.’_&“0‘{]":}82 J[w'f"f“}/xj -
A AN €

N 4”[51‘&\0!‘(] ,
- Next apply these equationﬂ to 8- second Darall~ i |

610§1pedf1)<ux><dz in the alr above the lntprface
‘ . : +-1 i " L

'+K/

-7

Fig 27. |
“ The same equations‘hoid on either side of the inter- -
kfféce,kéxcept that s and k are different: also, the

constants B and A are different. Let values in
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alr be s ¥k &4 B a.na in d:.electz'm be &' k'A' B

"‘I‘hen ’by eqn 43, ; ‘ s
; 4nu; - ]‘ ~
E = B, F 1l '
B%q%= § T [sesun] &
<8 z , Can ;
B, +4- = b Alwh +—Jw}f,]
. . ) g Cz . B
We next insert‘thembouhdary condiltions at the inter-
iace, where x and Z-are zero and t is zero. Subs-

tltutlng in eqnl. 4—4 we - flnd tnat & é‘a o Again,

' When X X a,‘é; uhe 1nterfaee

R apr s, +,},wh‘. o J-t-(}‘wr\’

Writzng T and - T for the denomlnators in eqn, 48 and
P for 4;__l%

Hemce B UpT.B -4PT,

»
\

q- .

v

QW
n
J

Q.
-

Again from eqns, 45 and 46

,ﬁ,_fg,B__,/tr’*.;a Stewin (5
=z g - , S

' V ,l 5:?"3’“" i
Im the case of air s is zerxro ‘
R
'_>_(._-—'/ j.wrf"_:v“_ d.;u;/rr
z Y Sreem ) s

S i /
Now let fan 2¢= —; then

é“J‘ch:; cos 245 +J Su.a zcj;,



Bt

‘fk -ag;ang 1amg@r. g

“Thua X and & ﬁiff@r iﬁ ?h&ﬁe by @n anQAe ¢2, whax

" ‘5k?¢?~bi;,¥fu'7¥ mha eleatré zntanﬂity ia &me
' q're5u1tanu af thege wo aamcananma and ﬁracma avt &n‘
*,’;ellipﬁe, : The maﬁer &xia ie xnalimed forwa;a. ,,Tﬁéz
‘magmetie #uatar H being p&?&lA@l &a the inﬁurﬁaco.,'
'°'ia 56411 plune @glarized glunough B ;tha 1n$ax f@ae

"!fwwmﬁ inalineﬂo as ln hilly aaumhry it Would ng% “&

4ir

. Rock

Fg .
Wa h&va Been uhwt ﬁne yave frant of zhe prim

mary field 1@ dlstcrﬁea awing Lo the eleetvical

' ~pr0pertﬁea a? the earth ayer which fha wave ig traye
~elling. Tha aiatorﬁion 1F shawn diagrammatically
C4m fig 28, There ie a discontlnuity af the eAth'37

“‘aurfaae,f Tho eypraﬁaian ean.'ﬁz ﬁifferﬁ from



VV,that nbtalued bJ ?enneck in that the smgn of the ex~‘:
”:, ponent i changea"‘ thls ¢s because nhe Z axis was :
,, ftaken upwardv to conform bO convention, it

| | The prznelple cbaect of Zennecx”s work on
‘5T:ths subjert Was to flnd the 1053 in amplltude ofka‘
 “*«,, wrad1o wave traVelllng over a conductlng ‘medium,

= fﬂe found that where the wave travels over a %00&

fconducter such as sea water thern 15 l1ttle 1osq =

i;in energy due to eddy currents below the EnterLaae, o
'f If hawever, the mediummcenduﬂts but poorly, as.
1:7 f%7in rock and soil therc ig. conﬁiderable penetratmcn
‘\ 2gana consequent 1059 dn energyo : ?his phase of Lhe
"* ;argument ia not- of 1nterest 1n geoyhyﬁieal surveying
’omlng to thermhort diatanoes between tbe oﬁcleator
  and the search coil we may, hawevpr, proceed to
;~ffisome interestlng conclusianﬁ regaralnb the penetra-,

‘ﬁ';bicﬁ of waves into Lhe earth, "‘

Referring to ean 42 Jﬂu++¢vd g

‘fé“uinee the Z axis 18 posit ve upwards, 1t is evident
‘iﬁfth?t negative valuea of 7 glve decreas1ng amplitude

i of the Wave as the dlstance from the surface increases'7

"  At the surface |
: ffLet B be a complex quant ty

. B= ~(a+i®) ; |
J:QWe wish to find the depth at whzch the amplﬁtude 18:

: } ('w'r ’+ 1’ x) |

—

L of that at the surface.ﬁ Accordmgly ,let zs-g



' ‘ 5FJf;‘

‘”_;;;,Hence-g“ 1s the depth 'rom‘,he surfaee at which the‘ff N
,;ifwave amplitude has decreased tg'% ’ Notlce ﬁhat the
‘k i::phaSe °f the Wave is also:altered by the factar,

*»,ngwe alao knaw uhat from eqn,,ﬁl

'”‘T,[gln the mave front.A,fff?

'T +—r

“(‘.‘,

. C-" . 5+~S +Jw(h'+r.,)
:“;f_.‘:'_é’:'f S,+Jw,(,

*rock alﬁo since




‘ : e fz'n{Bo’ 6&«:). 

k’D OOS'
4/7(9)(:0) ;

b oose

»Hawever the;f ‘?ﬂ,ffl

e '~"},~;‘=ha,v "‘f",been lcca.‘b’ed tc a depth of 400 ft.;

'f]usual maxzmum,depth is 200 feet ao that the abave
“f;result mav be Said to agree wiﬁh practiﬁe.:  The we~ if?j,_!_f

e weakneae of all uheoretiral methodsof treatment of

liﬁhig problem 11es 1n the fact that the earth 15




) £ 639
.ﬁ_ taken as belng 2 bomogeneous alelectric haVlng Gon,f'

,; dunt1v1ty.‘Wh1chA1s farvfram belng the case. Eve o

1

"aand Keys give the. formula

H H" ~-an‘“:’,‘4f

i  for fleld strength at a depth d,,, Thls formula

e results from followmng an argument slm;lar to that

: «jof Sﬁelnmetz 1n hlB treatment of the distrlbution of:

 a1ternating flux in eanductgrs2 It does nat appearfffif'  e

»?fjto be correct in thlﬁ 1natance as 1t 1gnores the

"'iidielectric pEOpertieS of the mediumo Ef thla’forman“
' *gmnla is applled tm the abave eyample, the denth at

;ﬁifwhich H'“'H lS found to be 492 meters a consider&bly

   ?;dif?Brent result, ﬁhe &bave-fermula was meant ta f"‘”
'< ;app1y to meﬁallle conductian and not ta Wave @r@pm,f ;_

"f_ﬂ{agation thraugh roek

“fﬁgaln 1t is found in @ractlce Lhat it 18

iéebtain aﬁy results in awreglnn of

”f h1gh ground anduct ,'ty, due to the screnning actlon

T iof Lhe Gvevburden.n»gThe 1 G E Sa}in the course of ~}p

itts Work in the Hoonta dietrict of Soubh Australia,,ﬂ Sl

  met w1th highly conductlng overburden,;saturated

’"f'with saline~wafer Whlﬁh rendered attempts at elec»; f(yfflf  ‘ﬁ$
“: ‘Lriea1 prgspectlng abortive,i; The resistivity of |
§1§ Eve and Keysf "Applied Geoyhy51cs” Camb Unlv Prﬁl “

2 8te1nmetz“?ranszent Phenomena and Deaillations“,
I G E. S Repurt psllza‘  L LA
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*fffureturn wave comes ba.clc to the Bf’frface‘.‘




6we

ﬁastributlen ox. Gurrent 1n nhe Graho@g

: zt %@a m@n»%on@d above that ‘the &lternating f
i W¢lux pradurea by the asc¢llatar is ragidly redu@e&
*¢ &e'it penairatea mmta the ‘ore de@aslt which may be
“‘°k;trcated as s ﬁolia awnﬁavtor. . namnmetx 31?331 |
L ’ : -anl'lly_f'
S H = Ho‘«,é; St ‘
flj;The raaul% ia thax the depth ef peﬂ@tr&tﬁea ef ilux
'fintﬁ sach mauermal as eritﬁ xa eﬂly abamt 1 am @t

'?‘}50 K., Thereznre the 1argpr rh9 %ﬁrl&ﬁa area 0f

. 4ne aamm&,, ‘the graatar wiLL be the: indmw on m et

'i“tha reewlv@r. ;1*”fjf” : | , L

Agaxn, th@ cvrr@nt aa#tr%bvtiaﬂ in %ha depa&it ‘ *? f7

e &Qﬂ@ndemt mn th@ freqv&wa; dve tu “&k&ﬂ cf?ﬁ@ﬁ“ ,“

,;7ffTha tnaory is well known an@ will nat be given her@?~] 
‘ ijiha aif&etiv@ iﬂpéﬁ&ﬁ@@ of & canduaﬁar iﬁ Q»f%;j~* Jf“'
: l’,&'ﬂw/\,.f(/ +J,) X ,o 3

 Pif§h$§% T= a. a, r@siat&m@e ;;Q f‘f>~ﬁ; ?exzfﬁin’;:ff:  ”  €

-  ;A aanﬁuativity el et i

pe &rme&bili&y

g frﬂquency | i ; :
Ci-ai istenes fram aenwrﬁ of conductor o eire |

cumferenea

‘  %5 that Lhere %s no carr@nﬁ ab the &@ntrez “iﬁ’i?'i 

 ‘ffcon¢ined ta a amali skln on the autaide of bhe aanw o
“ :du»t@r.~, Fcr csmdu&ﬁevﬁ of 1av¢e d*meaaiona &uah aa e
| »f‘nrebmdxes, &nd for hi&h frequenaie59 the cuvwent only' '

 @&&9®?&%@3 a fr&e?mnn of a cent imetex. : Tn Lnﬁa aaae
(/) Steiumetz T—rans'ehf Pbehomauq ond Oscallq'l’lons /= 362 el ‘w

& (Z),‘;’.S"I'em‘mg,t‘;" /oc ur o p 37‘6 et Seqy :



86,

\1,guhe effent1Ve reszstance‘~s propotfaonaw;bo thv dl&-
" 1m£ﬁer of the canauctgr., there‘ore nazrow velns pro~ﬁ"
: :vide beﬁter 1ndlcaulons than n@831ve bodles of

Py ~oreater total volumee,-

Agaln from eqn, 58 there is an ef;ectlve

‘ °pi<reactanee ecual to the e?feetive Besistance.,.~~t  ~:;
73%, would seen, fherefore tbab ﬁhe phaae eng?e éﬁé tof ‘ f
Qé;the paaﬁage of current in: tha onnduotor 1& always]*'“
1”{45 and furthermore that ﬁu 15 1mpsaswble for an

d  "f orebody Le ahow a capaaitat ve reaetance on thls
- aoeout s Experimenta.l wor}c in tlne —Piem should
"fgverify or d SPrﬂve ah’ anduetlope>j Tf tbls is ,w%f& f°
f§£correct it would seem that alL the discuswzaps ongi
 ;¥the subject of reaetance of depoc;ts in the pubw_‘il; -
J%L{vlshed articles are: fruitlesa.;‘ | -
’NNLSummarg af Phaae Belmtianshl 8o - : e ,

‘ IEH, S;n uﬂ' is: the nfimary fielé the seCa‘3f' “‘

v°,  cndary field will be given by

_ H sm (wf _:, 4’1)

f;‘fwhere<¢ is Lne phaae anble due to the effective lmp«,7
“f edance of the deposlt while 4%_13 due to thm‘transm'iﬁf,f
f 7vm1a8i0n Of the waves throu&h the ovex‘burden° vaorﬁ"

"‘; 1the same orebody and setup of &pparatus

Th" $ = 77‘H‘ l for high ,requeucies

lc

“*thorefore d>=3{ =45w | Again

‘rqxoc diF

80 that “the resul Lant field can be brovq,h* 1nto



en.
7' ﬁha;‘ b? incve331ng the f?eqvc’cé, 51nce bv thié _5;
‘ 1mea s I+ 4’ ¢z.‘m&f be madg aqu 1 to 1807 or 560.

"5{Whvs accerah w1th practleal knmwledge.;~fq‘

A further deductlon OL the apprcx1mate depth

 ,0£ an orebeay mlght be mad &vam t%e amcun* bg whloh

7cit is necessary ta raise tbe frequercy at the osc-f‘

"**111auor to. bring the yrimazy and uecordary fﬂeld .1nto

*l‘ phase.3‘& Agawn Lbl& deductlon muwt “be- cnecked 1nkf

‘“the f*eldaag

?he thle avestlon af Lhm ghwse of The‘scc~‘

ff 0nd&ry fiel& is verJ CGmpllL@tcé and aepends on~'h‘

,kgﬂmany unkno"n fm@tﬁ” L Ihere 13 ﬂothlmg in tﬁe pub» S

-glishea qrtlcle nn geopny;ic@l nrompecting a&iah
' i,indio tes that an attamgt ha s baen made o @olvc Jt ff5 
::’poasibly b»cause those wbo h ‘practical expe¢~fi"’
"ience agn%%dcr uhat lt cnnnot be solved,‘ Thc anal~‘ 5 :
- ysia hag only heon attempted here in arder to show

~ the nature of tbe problen apd t@ get a better unaer~;;%

f;standlng of thm mechanlsm of thjs geophysieal method. j*if
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&PQENDIXO

1Laboratory Test of Threc P011 Aonmratus.‘f

; Eﬁ order to ﬁet data and eAnerlence for the
f con5trurti0n and desvgn of amparbtus to be’ uwed din
,;17 the field, 1t was deﬂ?ded fo vonstrict a nndel of the  *:k
*;famparatus, and to attempt to measure an ar tzfzcxal k

‘flfmagnetlc field Wlth elllptical no aVizatﬁon, in bh@

"°;;g{laboratery,

~f}”mne 5earah Goils, It was origlnally 1ntonded tO‘

‘fftake the meaavrememtg thTough the WhQTe frequency

'”fband rrom aoo cyclna to BO K. @c' Hawever 1n the !‘:fl

*ljdeulgn of the model search coile nc allowaace wau,u :

1 fmade for the distributec a@acltance in Lhe the of

“?;vinding adopted since. ﬁhw effevt of thiw factor could

?fponlj bc %scprt&inné tarmuvh nXﬂerience" 1n con« L

‘*jfsequgn vgraguSM 5+vrblng Faetors weze lntroduced

:/ ~fﬂ1nto hhe eypergmﬁnt whlcb rendered the measurements

atb the hlgheT\fT@Qﬂﬁnﬂleﬂ unsucaessfulﬁ : +> 
‘QL; The 001ls as comstrvrte@ were threa in number

faVand had diametersa llé" 12* lg§ﬁ;, they were

' “fjwognd on wooden frames and mount@d at right angles

.  to e@ch other by measns of pxeces of ebonite cut to

= th@ cmrrect shame, “he 1ﬂaav coil was arranged aa

"‘ ‘ ‘the lacatiﬂg 0011 and had 600 burnse The l?“ ccil -

'iiffalso haa 500 Lurms, Wlfh 9 tq?% at 60 tu”ns and 10

"‘ €tapg at 6 turns.  The outer 0011 acteé as Lho flxed“

f«olreotzon flndlng coil and also had 600 burﬁs.n The"‘
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flnévctanfes ualcul tcc hy Faﬁmo?q formulml,~fe§e’8pé
[ 3roy1matr1y “UO to dﬁo mallanQILes,y_ Thc ﬁlae ox
"  'tﬂE W1re Was yﬁA ‘enamelled Thc 00119 Were ﬁlaced

  in Wo&den c%aﬂle ' fhaped sa th t;they comldgbejtuff

tvrned through wng anoae@

,  ﬁhe Belector P nel.f The Wiving dlpgram ia shown in

. ne Tefst :@3 em. The elllptwall‘f P"lam%d test

 f16ld was pxoduced by tWo vvvvv lar e~190ps 9 feet square

'H:jhaving 19 turms nadnw

‘ f1umber framework v Prected in the 1abm~atorya ; Th@ﬂ‘
,  burrent Lhw laopﬁ was wupylied by Varioug Qsc~w“
7";1115£6¥gb~ For audzo ?reqvcneves a Oambrldge Insu7

‘%‘trumemt Co ?ource callbvatea on é mutval ﬁnauct%nce

villator,’with Gampbell varvable standard inducuanae
"an& T?nlinﬁ' tandard air conden&er in Cthe oacvlwatory,;  ~‘

"‘a?m.of th@ clrcult Was used, Above 20 K Oo,

ff,the flgureQ;; Th@ Danel vtSblf waﬁ ebnnite w1 1 brasﬁL“jh
, we1Pctor BWltchcs and contacts,g The Teverﬁlﬂs nd‘vl
‘"~locating coil swi*ch wos convenie tﬂv made fvom q , f il

}"  44wmy t%lephone sthch takeﬁ from an 07d L@jemhone

W?tchboard. : Lt was found to be m@re oonvvm*ent

' to mount the panel qenaratplv nfher than #nszde
~the coiis slthough thﬁs arranﬁenent neoeqszfated

‘f};the use. of long leads: fvow Lhe tappings ta the

ahel a factcr wbﬁ@h was 3ater xound to introdnce

"‘,exrara«

»wTheSG were wound an a roughwikr""

 freauencJ~br1dge , vaﬁ *he sovroe of current Eor

'5 hithr frequeﬂﬁiep np ta 20 K C.,a djnatron oac~j




' :8 Hartley type osciblator from the eleetrestatlc

'77~;sweep of a General Electric cathode ray Oﬁclllograﬁh

ﬁ fWas employea" ﬁhlﬁ 1nstwument Wau callbrated at the‘;f“
 “ Efactory. ,:“ : SR |
The current in the two test ileld CGllS was   5 

“~f Varied 1n phase by a condenser in the horizontal

"coil 01rcmit“w the clrcult 1s shown ln fig 29.\’fi‘

z :When flI‘St Opera‘ted -@he eleCtl’Oﬁtatlc coupllnb be.. : [
Ui;ftween the test flsla calls and the search coils
ua4;;5waa found io be so great ﬂhat na reevlts could be

wjf";obtdlﬂed at a11.~» This difflcultj Was partlally

c overcoma by Wranplng nhe coils W%th aluminiumAfoil

‘ff’and connecting the 1atter to earth.;, The shlelding 'V‘ :

Vo effecL glven 1n nhls Way, was no» complete owing to

‘ the dlfficulty of ehleldlng the leads ta Lhe var»

’?j,lous 1nstruments and Lhe coils of the osczllabors.;;ﬁ
“E=Th15 diffiﬂulty P@rsﬁsued threughout the experiment€  Lﬂf
Tha 1nductance 01 the large aamla, as meaga/;, ‘g,;,
";}Tured ané calcviated gave conrcrdant reﬁuLts.,nghé   :
o “*  Valuea of inuuetance and reszst&nce wer | g

Harizontal cail 1 340 mH and 15 81 ahms ; . ,  ;_‘

Vertical 0011 1,365 nH and 17 12 ohms. iy

‘ “1ha Detector-@mpllfier Hnmtaf'lyy

This unit was bullt up fr&m salvaged *adlg j

'f ;parts from several dlscarded sets, At first it

  7took the form of a Vacuum tube volﬁmeter-amplifler

'~r631stance coupled u51ng the General Radio circuitl3

: (l) Radla Engineer’s Handbook, 'P‘;ﬁl?



1  71{ff, : :

' "fThe steP up ratlo ox voltage was QOO, ¢ Thls appar~}   j3" 

‘ ;atus was not 5ucceqsful owing to the dlfflculty of

}bbbalnlmg a sufflclently sensxtlve VQltmeter for

.;;jthe output stage from aenaratus at hand 1n the 1ab~;55 “'

o ratary.

The unlt‘was then rearrangea‘to be a

'ﬁetector ampll 1er,¥f One tube gave ampl;flcatlon at

fr&dlo:frequenegﬁyanaﬂwas eoupled_to‘ he autadyne de

_ielwaed by twc stages of ﬁransformer ccupled'audioff

ampli‘ica,mon, | This‘a,rmngement wa,s ala;;abana Laafiioos

\/ekhcql S eny
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Ihe Test M @gneti hield
Let Acos wt befield dné to vertical loop

Beoswf9) .  w % norizental loops

~ Fig 30

,]\ .

Abos wri‘ ,’
¥ o= Boesfut-$)
@ mwl'aﬂqb o B.be« wakatP

i

W

| Eliminate wt cos wr? f’éﬁ,
e T .V A
Stn wk = jf:ﬁ‘:—i S
- X : ‘ 3

s B}T C‘O'S"‘F -t B A e r .
Squaring and rearrangibg

\/l" R g e

’ = ‘S‘l;hz?‘ .

B'L - ,,"%YLOS‘P R

lﬁlﬁ is the equatzon of the elllwseo_"The ratio of

M, B”+ﬂ”

m. T T prsm————
(%) e e

‘ Fow A.and B are proportlomal to uhu cuzrcnb in thé -

. 106pEe Therefoxe T A R E R R
| A 1v»~E1 3 ,,fi,,ﬂf—___
= pr— ‘ 7 F’—‘N"'——_—-—_
S VR ‘*)Lz : ‘ l/Rl+(UL"“-'C)

- where ¢ is consnant of nzoportlonulltJ

E i& common voltagc epplmed %o Doth lOOpa.:
R, R are LotalkreSthancc;‘ |

I”Ll are 1nauctances

€ is C&Pa01ty added ta horlzontal Loope



OBSERVED

s ) ’ CALCULATED
SETTINGS. VaLUVES VALUES
flR | Re | Q| Xe | X | % | R Rle | e i e =
500 |s0co | o | 002 |15920| 425|425 9017 G 90 | 0o lase mw 028
jooo |go00 o o.o_, iss20 2.48 | 8.48 |[9017 15 90° o 0.32 3° 1036
2000 |9000 o 0.0t | 7960 |12.75 12775 |9017 15 90° 9p° 0732 3s° D..mw‘
3000 |9000 | o |o.01 |5300 [17.00 {1700 017 | 5 00° || 90° |0347) 857 |o0239
Aooo %000 | O 0.01 |3980 |21.25 |21.25 Qo017 | (5 50 50" |o.ao6 || 88" |0-22
Mooo.mooo "o 0.0! |3300 |25.50})2550 ,w.ol wm .moo 00° |ou3s mvmo 0.17
6000 |sooo | o |o.0t |2e50 |2975 2275 [9017 | 15 50° || 90° |oosss| 85° | o-10
7000 | 5000 0 0.01 |2280 |34.00 |34.00 o017 15 90" 90° |o.208 25 017




| '}?5;'
By maklng the cabacltatlve reactamee 1n horiz~d~
ontal 100p clrculs lazge comparea w*thhﬂ.andtuLz, B

a.nd a,lsa ma,king B” as smal'l a8 pOS able, the current

;: and hence uhe magnetic flelé of the herizontal 1oop,-‘ﬁ'w

',may be made te have a phase difference of practical1y

~90‘ @he terms R’}“’L and wl— may be neglected,‘~ff ﬂ:;5;Dk"

< ATB o
j,’,af the eklips& is then i
A,, BL

";jand the m&gog ax;a is elther horlzonual or vertzcal,

7'1 A1so the tenﬂ,écﬁ f\ls Zero if 4’ 90" 9; The equationf °\

—

?,féaccordlng as A or B 13 greaaest.~ If these factors

e are neglected the expr6551on reduces to

o Heaaurementa,g“ gudl freguencles.

T obﬁerved valuea af“m

mhe uable on the apposite page ahows the

'-ﬁyivarloua re&istances and reactances for irequencies

'”‘from 500»7@@0 cycles' together wixh ca1culated and

,m,“ nd.- © i The emallness of the

'*,3f 7term5 M,L anq ama R' ﬂhcws ‘the justlficatlon ior neg-

~"'~"1ecti¥ié_§ bhem’

ihe ang?e 9 was measured with an Abney Hand

 5®eve1 @lacPd on Lhe coilse~k The resulta show a f-ff

‘  ’fdisQrepan0y wlth‘calculated values at all frequenciese_f '

»_;  The balance )ettlng Was very broaa at the lower freq~:

'f,fuencies and thc results hadtto be averaged 1n these‘

’f¢cases.‘ Thls somewhat olssappo1nt1ng result can be

;‘I;V;dliectly tracea to the Iollowlng causes.;“




4.

(1) Braadness of Balance Settlng. ~}f" 

. Tne note in the neadphones‘céuié never ieally
'jbe made to dlssanpear.i; Thls effect mav'be con81d-
 f eved under the felloW1ng Shbdl?lﬁlons,k f1 "
kk f(%) The capaclty oou@llng between the test
' n  f1eld 001ls and t‘hA search coils caused a continuous

‘  ,Si€ﬂa1 to bb heard 1n the phones. The test fzeld

~-;,were shzelded wath aluminlum fail as described above.

*ﬂffit Was however not pO%Slble to sh;eld all ieads

" f nor ta shzeld the output transformer of the oscila‘  * o

:~;lator ar buffer amplvfier, ; The effect 1ncrease&
11: with frequency, and makes this method ef tesﬁlng the

‘7g apparaLuﬂ 1mpcssib1® at radio frequencmes.y»~~3

(b) The 1eadw to the seleotor panel ara Bit~ ,[Wj'”

'\VJquated 1n the maﬁnetac field and &o had an emf 1n-5;; 

'ﬁi}f7~duced 1n them. | These were made mueh 1onger th&ﬂ;if,

"fnecessary, sznc& this effeet Was nct antiuipated when  :‘ 

s the appwratus was designed.»w72};;W;4{;g%;wgg[;u:*51"

(c) ~»There Was considprable dlfficulty in

‘* tuning the: flxed 0011 aecurqtelyc ; The colls ‘were all{ o8

ffjfwound with too many turns of ere.,k the signal was

‘”7:extremely 1oud 1n the phones and the number of

thurnu could havec been reduced by about 807 w1th

e advantage consxde ing the ampllfiCatlon employed.f«~" 3

'fi;\Coupling also probably occurred betmeen turns of the

k 7search coils owinb to thelv 1arae number. ;  ,,



(d; Capacltaulve coupllng between the loops

’p:fand the mlrlng of the detector 1tse1f cauae& errors;  .

"LIt was. alscoverea at tke end of the ewper1ment th&t: 

m‘Q the d@tector WOULQ glve & smalT note 1n th@ head~

’L?[ i0f iran mn the form of eleetrlcal machlnery;"7

o Phanes; even 1f unuonnected w;th the c01ls,:¢97

*,j} (2) Errors in the Anple of Iﬂcllnaulon.ug theigxesa 
: In all prebability,‘thls was causec by als~ k

f  tartlun Df the fzeié 1n the lagp, due to 1agye masaas :'”'

"f‘f 1abarat0ry.__ ¢hls machlnerj W@S all sltuated Lo the,j5  o

“*ﬂfiiﬂorth of the apparaﬁua since the latter Waﬁx laced

next o ’che south wa,ll of the bundim, Tba dis-»

'*4{  crepancy was about the Sume at all frequencleﬂ-:ﬂ"

In additlor to the abmve dzstnrbzng factors

‘ ffthe presenca of a Sll@ht 60 nyclehum maJ be mentioned. ¢f°'

“fff"mhlﬁ wae conaidered ta be due to the Lramsfarmerﬂ 1n

i fle kage between tne

 LhP transformar Vault and nosaibly . Lo a sllght

;; and d c, cireults Qf Lhe
“,1aborwtnry " s1nce the 1&ttar W&% used for B battery

'?jvoltage for ampllf%er 9nd oscillator.>71, 

“JﬂﬁfWork at gg Treguencg.< ﬁ 

; An atﬁempt W&ﬁ made Lo raise the fretuency to
’”‘80- 3@ K O., and to make me&surements an thls band.
‘ TfThe oﬂcillator from the cathsde ra; os0111ogmaph Was L
~ nvaed for th1 ‘nurpoue'1 1t was connected to the loops |
’ 'througb 1ine from fhe meier room at the ofhe% ena;f

f,! of the laboratory."



8.
Varlous SJstems uere trled 1o’ bbtazn an auda‘
~  191€ not;.: F*rct, autodjne detectlcn w1th tuned

\'-plmte mnﬂ grva 00113 in the Qetector stage coupled to

7,)the radlo ;rauuency transformer 1n the precedlng

f*f;_stage Wau trled Thl& was “baﬂuOﬁed owing fo the,‘

,_Q' d1f1iculLy of constructing _‘ vl tuble rqdlo Lrequency f"‘

7ﬂgﬁgtiaﬁrfermer far suoh 10w frcqucn01esm;‘ @ecand the

‘7f vacuum tub& voltmeter Wa uspd, and lwter abandoned

j‘for rewsona glven above. : inally bvzzer moq-*f:/

;[gfulatlon ¢n Lne wrla elrcuit of the oscx;lator gave

‘ ufan audible note in the ohonesa‘ g

MEasuremants 1ﬁ thla ¢requency bana faxled

 2for two &sanﬁc‘ first avlnr to 0@9a01ty coupllng

,1;,;betqeem the 00113 utl néa aboven Tbls W&S

'"fugesPccialWy b?d becaase of the 1engmh ef line (about)

;320 vards) fram Lhe ouclllator &nd the tesL 1oops,

" ang - the high freauencyr~v $e@°”d it Was found 1m~

 ;p0s@ib1e to tune the faxed dlrentlon flndwng coil

 ion nccount gf Eﬂe 1arqa natvfal wavelen@th oi Lhe coil‘ f 5

Tnus Whlle measurements we;e n t uccessful
[ 1n bhis band uke reasons are not far to seek,~ |
'~ :there¢ore we o@nnot assume that the method will not
 } be,succ9ssfu1 in the fleld,f Vhile tbe ilelda to ue  n~
‘ 1fmeasured im the field will tend te be smaller than 1n’;7

~Lhe lamoratorj «ﬂlven correct de31gn of the ﬁoils

JTYtbe dlsturblng facto;s w1ll be absent



“él‘éﬂggﬁﬁﬁz of Concluvlons,f-*”

(1) The fact uhan results were obtained on tne low
S frequenc1es :au%gests tﬂaﬁ the nrlnc1p7c of the pp_” ‘\‘

ﬂjfaratv& 15 ﬁound but tnat carefu s is essentlal.,“ 

WVr‘(Q) Thls mcthod Of testlnﬁ the apparatus iQ unsult—kk  ‘

 ;ab1e for hlgn freauenciea. A better method would

“f _be tp seleat a Sult&blé unaergrovnd 00uduct01 such

”?; g:as an mr@n Pl?e and make actual me&wurementb Ln onth

',‘the field.:;w

' 94(3) A cansiderable amoun» Gi 1nf01matlon bas been

'\;L}galned about tho de ign e; tht 8eareh cozls, Aucom~ 

',ﬂffparatively few »urns of ere«~say ”00 Wi1l be used

;"};on tha HGAL auhilﬁ Thvs wvll rrauce the capa01ty

'7*,fof the w1nd1ng, HTRGE thay W?ll ba ﬁpace wound and

 *; the coil mill have a‘small natuxaL wave lenbth, ;Hmhéf s

7 ﬂd1if4cu1tJ of 5upport for ﬁhu w1naing will be 1n~4‘ 

Vfl?fcreaﬁcd*' this however, sheuld not be inaurmcunt~

:able Agazn~»the~¢vams ¢rcm.ﬁha tapplngs and cails ;j}_ [;  s

" *L0 Lhe salect@r pﬁnel w;l& be as short aa pas&lble.

< fne latuer‘W1ll be movntea 1nszde the 0011 aﬁsembly,

't fi§as also will be Lhe tunlng condenser.‘~"

‘5(4) Radzo frequency ampllficmtlon in Lhe aetector ki
 set lS no» Shlvablé for the comparat1VQ1J low Lrequ-_ : 
,‘énéles emplojed. | Autodyne detactvon therefore cane‘

17néﬁ'be 5 é vlnr to 1nstub111ty when Lunlng the :

' search 00175.5‘ Tor thlc reauon it w111 be nec~“

esgary bo mgdulute the t“an mltter.ﬂ 1Simp1e,Oh0PPer



78,
or buzzex‘mcdulation iﬂ the grid cirouit will be sate

m
L)
kcn
o
s
O
3
(<li

An extr ra stage of ampli atson can

»be»added'if'nQCes,a?y.'

T\ﬂ‘

,(5} Vary caref ul oontrol of the frequencv 13 nec-

,eg%aryas the fixed dir ect IOﬁ Llndlﬂs 0017 nust be

Gy

,'tunnd 'céuratély; ;«?he p@éillator‘sh a ba O&llb*
 r@teﬁ vl*h w*é 2t éi?e aéaiﬁ3ﬁ_a  tsmﬁarﬁ we vsmeuer.:
'Tharé shoula Le fnu" Sett%ngq tb pwve Sgy_go,SO;éo,“
. and B0 K.C. “mhe qenrch 3011 shoul hqve cohdensers~
':norr@ﬂpaﬂdfng $e these 'flcﬁu enc ;'s& whzch can be cut
ytin by ey swvtch on the select&#‘ anol accordlnb to
Whioh freouen y is belnb used Th1s tuning ahould
1, bP done DermgntWJ 1n Lhe 1aboratory,‘ 1ncq 1L caﬂmot

V'be QOLE awraccmrately ﬁn the;I1@1d5
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