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Trondhjemsfeltotskisdragmotnard",av Dr. philoa,Ounnar

Rolmaen.

Mktmetod 10 EM-mUtningar-----------

Vid de elektromagnetlekaflygmlitningarnaanvåndca

ASEMsspatenteradeRotaryPield-metod(RP-metod).Ybren

detaljeradbeskrivningav dennametodber v1 attfå hgnvlsa

t11:.ett akrtryck(!appendIxC), som1Verskndeseamt1d1gtmed

dennarapport. En kortfattadbeskrivninglUmnashkrnedas.

Mktningernautfbresmed tvåflygplan,ett fbr sandaren

och ettfbrmottagaren.Sandarenbeatårav tvåmotvarandra

vinkelrlitaspo1ar,sommatasmedvkxelstrbmav sammastyrka

ochfrekvens;880p/s),menmeden fasakulnadav 90°. Spo-

larnaHr orlenteradeså attdenutakndafkltvektornroterar

1 en eirkel,vareplankr vinkelrUttmot akndar-mottagarlinjen,

Mottagarenbestårlikaledesav tvåmotvarandravinkelrate

apdiar,och manmkteramplitud-och fasakilinadenmellande

tvåelektromagnetlakafältkomponenternompåverkardessa

spolar.Mottagarepolarnakr monterade1 en tbomb",somunder !


mktningarnabogserasav detfdretaflygplaneti en oa 30 m

långkabel, PlanetsedSandarenfbljørefterpå ett testkmt

avatåndochpå sammahbjdbvermarkensommottagarbomben,

d.v,s.oa 20 m lagreXn det fbrstaflygpIanet.

I orbncipkande uppm/Ittaamplltud-och fasak1L-

nedarnauttryoltas1 vilkalampligeabsolutaanheterscmhelat

(t.ax.gauss,volt,ampereos0v.) I praktikonkr det emel-

lert1d1Kmpltgbatt uttryckadessaskillnaderI procentav

dennormalafdLtstyrkan1 denvertikalamottagarspolenpå

ettbestketav2tåndfrånsåndaren,De uppmkttaakillnaderna

reglstreraskaatincerligtmedtillhjalpav en Skrivaro.%er

neutrelmarkUe de bådafkitkomponenternalikastoraoahpå

reglatraringenerhållsdUrfUren rak llnjefbrsåvUlemplltud

somfas. En elektrIakledare1 markengersigt111kanna

somanomalieri de ragistreradeflItkomponanterna,varvid

denminstamiltbaraanomallenkr ca 0.3%.

ABEM
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identifieras,cch vid varje sådan punkt gjordesen motsvarands


marLeringpå registreringen.FlyghUjdEn23~ marken regietre-




radoskontinuctligtmedo1sten r&dioaltilimterFtv frolf,venemodn-

, leflgstyp,

Sh.c,1rodun angivitsunder "1cgrafl ooh gec,logi"

va1deef1yg1in:ernf.sriktningi fdrsta hand mod kLasyn tili

dø goe1cgiaka fdrhållandenaiflcirespoktiv•cmrde,


men livenmed t:nke pk att a11tfUrstor re1r.tive,

undvikw.. V1d.etorahdjddiffercnnertvingr:sr.htmlican

flyjolanenatt hitvis hålIe sådan hUje, 3tt m'a'tsystmot

111 djupverkanbUr otiflrlickiig De de"..ernv flyE1injorna,ni

fdijd1ircr eflcr av andra 2kql mute betraktausom et,ill-

fredsetgliandoundersdkta,her p!!:irapportkaflorna"k=ts

med strockade2injori

Lrbetets Flyeanen, av typ Aero Conanideroch Cesena,dvar-

fdrdsstill Vw):nas flygp1stsden 15 auguetl. Witningarna

påbrjadee den 19 au6uetioch avs1utas den 29 september,

var:2fterflygplanonCien30 septonberåterfbrdesfrån Vaernas

Stockho:r.m.3etrUfande mUtidens dispositionhnivisas

tifl en bifoact dagt;Ipport, appenftlx A,

Pwsonalen fdr arbetetbe:tcc utdrredolem v tiden

av -:åra ingenjU.,?orG Hallin och T Haair,t 3OWL chefepilo-

tim T Thelnin2i,pilotenK A Larwen och en tok;-inikerfAn

K3 Tårmlands:ly.

Efter flyatningarnas evuXutandeutiMro nr,r,drgs-

giv-,renunduy.en mtr.lads tid geoe":.oktrinka tae-

nd..5på do we:Amin:Iref1ygmUnin(srultrktan. L,EszaujtriûFL

lDdjea av vf,;Y, Hallin. Hosuten frSn ftflrktAtningarnr

rtd,visaa i. s.ep=t rapport,

gritrestatat
och rekon-- --
Eendatiener

Reu:..atena7 de flysburng5.tn1nk.arn:-;d

i kLi 1:20,000i 3 eliksvite),fermar,buk.tta.

van A efter bf.cgsnutiret avser tolkninuzkartan,u:la.danOoktta-

varlia B och aveor de elektrowsnetica respckti,reMtYia

ancialflarto-tn-Jr.r=n,°:,gracmr?:30n ci.r.E3n mntp<;::.
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TotalOmrfidePlyglinjerMAttid
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ABEM AB
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TeckenfUrklarin till

fl burna elektroma etiska och ma etiskamåtnin ar vid

SKOROVAS LIERNE SNÅSA och GAULSTAD Nord-Trandela lke Nor

Kartbilagorna2 A - 12 A:

Flyglinjemed 1Ngesmarkering

Flyglinjemed osNker1Ngesmarkering

Ofullständigtundersdktdelstråcka

() 	 FlektromagnetiskImdikation

Elektromagnetiskindikation,tydlig

Indikationsannoliktorsakadav artificiell
ledare

Profilavsnittmed talrikaelektromagnetiska
starningan Lligetav indikationoslikert.

Magnetiskindikation

	

1.7 Ungden av stapelnanger storlekenav maximi-
v'årdet,1mm 100x
Siffervårdet(1,7)motsvararmagnetiskabredden

Kartbilagorna2 B - 12B:

Flyglinjemed 1Ngesmarkering

111 Flyglinjemed osNker1Ngesmarkering

OfullstNndigtunders6ktde1strNcka

Reell komponent

111 -.4kår Imaginårkomponent

Kartbilagorna2 C - 11 C:

Flyglinjemed rägesmarkering

Flyglinjemed osUker1Ngesmarkering

OfullståndigtundersUktdelsträcka

Magnetiskanomali
Höjdskala:1 mm 100y
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SOM• PRACTICAL RESULTS OF AIRBORNE

ELEUFROMAGNETIC PROSPECTING IN SWEDEN
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detected by comparing the voltage induced by the total field in a receiving
coil with a reference voltage transmitted by cable from the transmitter. When
a solenoid is used as the transmitting coil it is very important that the mutual
orientation and distance is determined with great accuracy since, for example,
even a one per cent error in the distance will involve a three per cent error
in the amplitude of the field being measured.

THEROTARYFIELDMETHOD

For methods which have been proposed for carrying out electro-
magnetic prospecting from aircraft the mutual changes in orientation and
distance have involved great difficulties. The variations will necessarily be
relatively great between an airborne transmitting coil mounted in an aircraft
and a receiving coil towed behind the aircraft and, as mentioned, the amplitude
of the field is very sensitive to the distance. A system of fixed interlocated

11
colls is on the other hand impractical to use because the distance between the
coils is too small compared with the necessary altitude of flight. To over-
come these difficulties very complicated arrangements involving a plurality
of transmitting and receiving coils, "correction coils", follow up control of
transmitting and receiving coil etc. have been suggested. When recording only
the phase angle there is no great technical problem but the resolving power
of the method will then be substantially reduced. The simplified and improved
method for airborne electromagnetic prospecting which has been used in
Sweden and Canada for a year was invented by Hedstrdm and Tegholm 1).
It is primarily characterized by the production of a rotating magnetic field
and the anomalies produced in this field by electrical conductors within the
area of exploration are recorded.

A rotating magnetic field is formed when a magnetic dipole is rotated
about an axis at right angles to the magnetic axis. In practice the field is
produced in the tollowing way (Fig.t). The transmitting unit comprises two
identical coils (Nos. 2 and 3), which are disposed at right angles to each other,
and connected by current-controlling and phase shifting devices (4 and 5)
to an oscillator (1) in such a manner that the currents in the coils are 900
out of phase with each other. The electromagnetic field produced will then
be circularly polarized, i.e. will be of equal strength in all directions per-

41.
pendicular to the line of intersection Z-Z between the planes of the two coils,
which is the same as the axis ot rotation. The receiving device also cornprises
two colls (6 and 8 in fig. one mounted vertically and one horizontally.
The axis of rotation of the transmitting coil system (Z-Zin Fig. is directed
towards the receiver. The common axis of the receiving coils should also be
maintained oriented towards the transmitter as closely as possible. The two

1) Can. Pat. 528643, US Patent 2.794,949, French Patent 1.155.475, etc.
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Fig. 3. Typical electromagnetic anomaly over a vertical ore-body. The transmitter and

receiver are simultaneously moved and the vertical field components are recorded at


two different heights.



THE \ IRBORNE WORK

With the transmitting unit mounted m ni aircraft the mreiving roils can

be mounted in a bird towed by the same aircraft. irrecrunt of the chararter

of the rotary field, rotationah movements of the bird about the Z-axis will

cause rio change in the phase or amplitude values. Angular displarement of

the receiving device about tIltt other axis will onlv reduce the amplitude

valur by the casine of the angle of rlisplacement. As discussed ribove, variations

of the distance between the rectiver and the transmitttr are practiraliv corn-
phriely rampensated far by the balancing of the two normal voltages indured

in coils ti and S.

TM method of a Mrd tawed on a long cable has however some defillite

disadvantages. Successful flights can be performed anlv in rathercalm weather,

Strong or even moderate wind or bumpv weather necussitate the flight to be

done on a higher level othetwise the bird nnglit hit the ground. The "noise
levd of the registration will also increase under surh comlition l'ar success-

ful flights the relation between the size of anomalies rind disturbances has to

be kept ribove a certain mMimum. As to the sige at anoinalies this depends

mainly on the relation between the flight riltitude and the transmitter-receiver

distance. Ifig shows a tvpical rinomaly rrver a vertical are bedv. I t demon-

strates haw the size of the anomaly decreases vt1-1' rapuilv with increasing

ratio i '7, that is, the ratio between the vertical distance to the ore bodv rind

the transmitting distance. This is true both for dit imphase or real crunpment

Mmplitude) and the out-of phase or imagrnarv munponent rif the elertramag-

netic fielii. If we rmlv consider the maximuni value I the field vectors for

different cases diagrams similar to that given in kg. 4 crin be constructed b.

With thr rereiver m a bird towed on a long cable the coil arrangrmrnt shown

is abtained. A cable length of 151) m or 500 ft i ui comman

of the bird svill amount to 150-200 ft. To prtvent the bird from hitting the

ground when contour flving over rugged terrain an altitude of at kast <ty 400 ft

has to be maintained. The ratio i svill thenhore exceed ir.6 and easilv reach

0.S or even 1.0. h can be seen from the vector diagram that the imaginarv

component in that case does not exceed corresponds to ri maximtim

phase shift of about I.2 . This reasoning indirates that successful recording can

be done only in rairn weather sshen the barkground noise is small. Also that for

a the maximum anomaly obtainable in the imaginarv component will

be rri-50 0 or onlv 0.4 in the phase whereas for good conductors the in-phase

This iliagram forms part of ony of thy nionerous drignons miale ap by ABEM
on the basis of extensive rnelei expvriments. Negardaig the principle of ille vector
diagrani for elveirornagnetie fjells , eampare K. Siniberg-H 1letisirda atroetural
Investigations by Electromagnetie Metbials. World Petroleum Congre-;s. London
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AIRBORNE EM-SURVEY, PROFILE G-Az

One pione.bird 


Arnplitude (A) Lenght of cable 120 m

Drop - in of bird 43rn

Height of survey

Phose (P)
120- k• ..100 m

Speed of survey 170 km/h

Two plones•bird

Tron5rnitting distunce 175,

Lenght of cable 35 m

Speed of survey 200 kill/h

1) Heuaht of survey
130 - 20 -110 m

2:1
- 2) Height of survey

95 - 20 - 75m

Scole


I krn

b I II bull It 12,1, r.LtIons lic saln, tor, tIR

10, umnI.11 v-tve, .ts ,ts tte: eekele

tedil atenett ull tlit: .1t
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Fig. 7. A copy of an actual record, reduced to a scale of l:2i, from a flight line over different

topographical features No influence from the lake, the swamp, or the river noticeable.
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AIRBORNE EM-SURVEV, PROFILE G-C
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