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Figure 1.2. Target response in Time Domain. From the top to the bottom: transmitter current (s
function); emf behaviour into the targetsecondary current recording and sampling at the end of
waveform cycle (Dentith, 2014).
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MINERALIZED ROCK EQUIVALENT CIRCUIT
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Figure 1.10. Modified from Pelton et al. (1978): (a) A small section of a mineralized rock which he
both blocked and unblocked pore passages. (b) An equivalent circuit for the mineralized rock. (c)
Typical frequency domain response for the equivalent aitc(d) time domain response, in seconds,
corresponding to the frequency domain response plotted in (c).

)T OEA ANOEOMA RAIOA g OAOEON

P (1.40)

4EA O11 OACA AAAAU 1 OAO OEI A T £ GOAJANOEOAIT Al

(1.41)




)T OEEO BRADAEAOAAE OAOCEI N Al /£ OEAI #T EA OOAA

DI 1 AOBUAEBRIST OEA - AgEI OI O0EAOA '1cCci A j-01q i
jcmpyqs8 4EEO 11 AAIZTAABDOBOCHAD AOEROE# ICIhA ET 00/
DAOAI AOADA j 110ah OEA DAOAMITAMBAMEA OAI ABGAOET 1

OAPOAOGAT OO OEA ET OAOOAADO A< BEAE ADEAD| B AEDANE
i TAAl OAAAEAO EOO t+ AZRKN @MEM X EEIEA OIf EOORIN &8 4
-0! DAOAI AOAOEUAOET T E#OOAAREOIEFDBDEA RAOADOKA
AT OOAT AGET 1 O ABGEOOO AAOxAAT OEA Al OEAGOARDA
Ei DOT OET ¢ OEA GEAKARODEG 1D TORAGEHALHRAN ANDOELDAA A1 AIEAT



Ve ~ Ve

p8c8aod )T AOAAA PI 1 AOEUAOET 1T AAEAAA

47 A@bpl AET OEA Yo PEATTITATTITCU ET ! %- AAOAN
EO DPOAOYE ©OBEA BUBBAE OEI xO A Oi Al1l O11 61 A 1T £
ET NI OATAA T &£# A 01 0OOAg j Es8A8 EI AOAOEOAQ AOOOA
AOA Al Op1l AAh OEAEO OADPAOAOGEIT EO EOOOENEAA

ET AOAOAA BOOAATAT I 1 APOEIT ¢ 1 Aci AOEA NEAI Ah xE
01l OOAA EO OEA AADPAAEOEOA 1 AOOOA 4Gid UOEA )HAO A

(a) (b)
PRIMARY
MAGNETIC LA
FIELD ~ & |, -
~ N\ .
LooP . Sav Ay
/" T ~-. Y ‘llff { -~
5 . v .

LY i
T5%_ INDUCED
=~ CURRENTS

IN ELECTRICAL EQUILIBRIUM VYORTEX POLARIZATION
CURRENT CURRENT
(e} {d)
SECONDART
N\, MAGNETIC
I

N lll J A FELD S s
|

VORTEX POLARIZATION YORTEX

CURRENT CURRENT CURRENT
&ECOOA uv8uus 3AEATI AOCEAO AEAGOAI 1T &£ &I EO AO A1 8 jovooéoq 1T &£ E
OOAT OT EOOAO 111 P8 jAQq "AmElI OA OOAT Oi EOOAO OOOT T £&R EIT O AOA
TACAOEOARUAREBOCPOAOGAT 68 § AqQ $O00OETI ¢ OOOTT £#& AT A &I O A OETO
AO OEA 01 0OOAp AOOOAT Oh AT 1 OOEOOOA A bPI OEOEOA DIl AOEUAOET I
AEAOCAA OOAOEKUADE|I DEAOPODRARO EO UAOI 8 jAq 'O 1 AOGAO OEI AOh O

OEEO AEAOCAA OOAOANn OEA EITO AOEAO AAAE OI OEAEO 1 OECET.



&TEO AO Al 8 jpwywq AANET A Ox1 OUPAO 1T &£ ADOOOA
9 OEA O1 OA1 AOGOGATxEEALET GEOUAT I DPOOAA Oi1 1 OEI
OAOPIT 1T OA ZEOR Ai#PI Ao A1 AOCAOEOEOUN
T OEA PI 1 AOEUAOGEWDT WAWOOOAT QEBAEOEOUT AOAET AA
AOT I OEA OO OAE AA GXiDBH QWO E OAT ADRADOBRDIO xEOE
AEA ET AOAOEDBRAGOHOORD OxEOE OEEA KRBOBEA ODEI A
OAAAEAO A 1 A@EI Oi AT A OEAT AEAAAO 10600 AOA Ol
DI 1 AOEUAOETHEO ARG EDA OABRDR O AT A AAMMOMOARNO 8x E
3 EQOE jpwywAq AOCOAO OEAO OEA EI OAOPOAOAOGEI
DI 1 AOEUAOGETT AOOOAT 08 )1 AAAOh 31 EOE jpwywA
DI 1 AOEUAOGEODT WAOOOAT 68Aéd OOAOOAAOET ¢ &EOI I OEA
OEA POOAIT U OAOGEOOEOA"iObAEOS 1T AOAET AA Al O
4EA AEAEAOAT AAMI FAOOORATOOORAA A OEWVR E®E DA AKAIT 10ARAG
EVYECOMA uv8uo

|OB T T T Tl T T Tyrry T T T T TT7IT
Fundamental inductive made
r‘_,_:_%:.ﬂ;\
4l U Intrinsic mode |
10 Y
S N,
<=IL Nonpolarizable — 1Y ™. N o
valtage RN g
h=] . NN J 2
& Ol Palarizable valtage - | - '-* ;
Y -1}
S.. \l.\ ’/ E
> /
EN | s
10" ‘-\<’ .
- ____-._--"i Tatal current
Palarization mode
8 1 1 Lol 1 1 iy el 1 1 Ly Ll
-0 = o _ .
104 103 102 Ton
Time (s)
&QECOOAT h ®A@&EOT T AAOxAAT AODAAERDOAIRO A A OMOEAXANA EHKTAN DAR

AOOW®ATOEOT I 31 EOE AT A 7A00h v0606Q8



&1 O APPOAAEAOET ¢ OEA AEAEAOAT AAO AAOxAAT OE
AOOOAT OO6h ) AAI EABRDEORA@EAGH EM A AAIPAVEET GA A
AT T AOAOEOEZHOIUIBA 4 EARNNBAIOK | R Alp 8ok x OEOOAT ET O0OAO
AT T AOGAOEOEOU AOq
a P (1.42)
11-| ” p p d p p p.i.
WNOAOETT O p8ow AT A p8tc¢ OAPOAOGAT O T1TA OEA
OAl AAOGET 1T OEIi AO T AAU OEA OAI AOGET T ¢
Tt t0p a ~ (1.43)
WNOAOETT p&QQEQOOMT AN GRAOI O T &£ OEA AT T AOAODEC
—AOq
p (1.44)
u—| ” p a p TZT
- 01l OEPI UET ¢ OEA AT 1 AOAOQOEOEOU 1T &£ ANOAOGEIT ps8
AOOOAT OO0 AAT AEOA A£OT ACETZORAMOCHEAU EEMNEDAEOCRT T |
30,

p (1.45)

xEAOA OEA OAAIT T A ET ZARINIOABIET BT ipAobUAD®E 10
o 1 AAMNET AA AU 3 D00 AT DEEROG AR Yiq 8 p sATEU A
ATTOT1O0ET ¢ EO xEOE OEA AOQOOOAM @ IxGA@®AIAI O £xAl @
ATA | AT Ah 1T /A KIBOOOAK T £

7EOQET OO OAEET C PAOOO ET OEA AAAAOGA AAOxAAT &
p8tuv EAO OEA AAOAT OACA 1T &£ 1 AEET C OAOU AOEAAT

AOT I OEA 001 1T &£ OwBAATHEI AQGROEOAT AGDOOAODI T AC
0 & h xEEAE EAO Al xAUO 1 bBHITOEXMOEGHGTA QX0 O A
1 0O OEA OAI A OEi Anh EO EO Al AAO &OiT T ARNOGAOEIT

T



OEAO T AAWA I1QEAEI#GITAA A AAAAUO AO A BHGBOMHEEGAO
Al T OEAAOAOGET T AopBKbdoHl OEALOEHQ BE AT AOPOOGAA A
AT 1 DPAOEIzEl 1AA #OOMAI OEAT O xEOE ,A, BDOARAEATA DEAA
#1711 A OOAT OEAT O EAO Al ,Aj BIi EOOAA AT OOAODPITAEI
&SECO@AEDPp ®@PA AEEFAAOO T A£ )0 11T A ®©UI OGAAEA OT «
0001Td ¢ 9q PT 1 AOEUAOQEITh ET , All ODAODOT AEXEODI
) O AAOEI U OEOEAI A OEAO xEEI A OEA OI 01 AET ¢ xE
OEA OAI A AATTT O AA OAEA xEAT OEA )0 AOOOAT O
4EEO OAAT AOET EO Di OOEEI DEAI &1 OBDOBECAAENEIT R
AT 1 AOAOEOA AT A AEAOGCAAAI A8 4EA AEEAAO 1T £ OE/
CEOET ¢ TACAOEOAO AT A AT i Pl EAAOET C )0 OAAT GCTE
Al O OEEO 1 AOOAO AAQGRN TAA AOBNREFEYO EjORE GO & DAAXOT @B A

6

pOI 1 Aixiq AATiTx A 0060iT¢c Ai1AOAOI O EIT OEA
ET £ Of AGET 1T AT A TEOITAAITETIC OEA cOi 61 A OAOE
AAT AGET ¢ OEA TACAGHGARA IEia] A A& MAATGIDIGEORAT U

AgAi 1 A0 OET x ET x OEA Yo AEEAAOO AT 110 111U

DI OOCET 10 | DERE A 0%-A BBAFOO AEOOTI OO OEA Al OEOA
O OEA NAGKA Ori M¥SOA EO AEEAAOAA AU )oh OEA ¢
AAAOGAOG O AA OATEA A AT ipil AGAT U xOiiT ¢ 11AAI

EO PEUOEAAI 1 UABADAOBEAASBAO 111

-1 OA AgAi D1 A0 1T £ £ OxAOA OAOPI T OAO E O A ETI
OAAOQGEI T h Eii OOOOAGETI ¢ OEA AEEAAO T £ AAAE PA
OAODPI T OAs8



Forward Responses Comparison

——nolP

+JIP < JEM

9r - JIP>JEM'

log, ,(dBdt) [V/Am®]

-36 -34 -32 -3 -28 -26 -24 -22 -2 -1.8
log, ,(Time) [s]

&ECOOA v8uxs8 %wEAAAOO 1 £ OEA ¢OI Ol 4 00 AIEMERAOAGE IOA All IOAA EQUIOG!
AAEh OEA )0 AEOOI OO0 OEA %- AAOA CEOET C TACAOEOAO AO 1 AC

CAOEOA CAOAO AOA OADPOAOAT OAA AU AEOAI AO xEETAEA OEA DT OEC
i TCAT AT 00 EAI AMEODAABBOAIXE OEAAV IOE AT A A AOANOAT AU AADAT AAT 7
i

AOT T ¢t } Al OA OOAT OEAT 6Qq O ¢t Al AAE OOAT OEA

&OT I OEA XpaOOMAvaEi pi A T £ )0 AEEAAOO 11 A (
)y O AAOCEI U OEOEAI A OEAO xEEI A OEA O1 61 AET C xE
OEA OAI A AATT1 O AA OAEA xEAT OEA Yo AOOOAT O
4AEEO OAAIT AOEAI EO&AI O OEA AT 1T AEOEIT O E1T xEEAE
EO AT OE AI 1 AODAOGEOA AT A AEAOCAAAI A8 4EA AEEA
xEOET OO0 CEOET C TACAOEOAO Al AMAAGAGH ABRMABOETC QH
OEIi Ah 1T AATT ET ¢ BEODOR OBDEOA OBROE OO EIOEIOAIO x1 O1 A
AAPOER [ EOODEERO O6BARAI 1 ADAT xEOE A OAOEOOI Oh
OOO0OFAAA CEOAEIAADEGBAN 4EKE0I W AAAO O1T A TEOITA,
OAOGEOOEOEOU AO xAl1l AO O1 A 1100 I1AE AAEBARGAERAMA
AAOAh AAT AGET ¢ OEA 1TACAOGEOAO x1 01 A 1 AAA OI

4AEAOA A@Ai Pl AO OEI x EIl x OEA Yo AEAAAOO AT 11
TO0O TT1U PIT OOEITO T &£# OEA %- AAOAAAOCBAA) OE AlEZE/
OEA AAOI U O1 OEA 1 AOA OEiIi AG8 7EAT OEA %- AA(
AAOxAAT OEI A AT A AAPOE AAAOGAOG O61 AA OAI EA Al

sz - z A £ s 2 oA N

Ty



-T OA AgAi P11 AO 1T £ A OxAOA OAOPT T OAO A O A EI I
TAgO OAAOEI T h OEI xET C OEA AEEAAO 1T £ AAAE DA
OAODPI 1 OAS

vB8e8x8ug EAIl EQAAARIOOA

&1 O OEEO OAO 1T &£ AobPAOEI AT OO OEA »EI OxAOA OA
Al i POOAA AT A EI ADODAMAIOBEAE AT BDOABONAO OUOOAI h

OA1 AGET T OEED AAOxAAT OEA AEATCA 1T &£ O11 0O0ACAO

AU 7AEAAT O jpwycqh A ATETAEAATO 111D 4%- OTI
OEA cO1 01 A BAEGEOAEOBIADMG AT O Al AAOOEAAT ATTA
DAOI AAAET EOU | AT ADOBAE®8 NEAT ADE OEINGIA DD FAO AX
AAAAOOA OERT APEOABAATOA EO A 1 AAGOOA 1T &£ OEA

xEEAE EAO 111U i1TA [AAT O i & AT AOCU OO0i OACA |
1700 jEIOIA EAAGEI CQ ' ODOAOAOCAREDP wOEABORAI
OECT Al AAT 1110 AA Al AEGADA AL EHBARADAREDE &
OUOOAIOAADERE ©8 OEA A Ox BOA Ai | DOOAOET I

AEA OUT OEAGEA ET 11 CATAI OO0 EAI BGBMKAM ODE UADEA ¢
OEA #i1A ATA #i1A i AAl j&EAT AAAA AO Al 8hH cr1
AARE AQDAOEI AT 068 10 OAEAOAT AA 11 AAIR ) Ai

Ei i 7T QgdTEAI £FOPAAA xEOELDh OMERROGOEAAED LE OIUA T ¢t Tu

AT 1 O00ATO T &£ p 10 AT A AOANOAT AU AADPAT AAT AA T/
AT I DPOOAKATIOEG AORIAFEAAOOh EB8A8h OOEI ¢ OEA OAOE

AEAT CAA T1TA DPAOAI AOGAO OAI 6A PAO OAOOKh AO ET A
I OEAOO AO ET OEA OAZAOATAA 11T AAI 8 4EEO OEI DI
OEA OAOEAOEITT 1T &£ OEAOA DPAOAI AOCAOOERT OOENDEAIDE
OECT Al O EAGA 110 AAAT DAOOOOAAA xEOE 11 EOAS

4EA A& OxAOA OAODPI T OAO EAOA AAAT AT T DPOOAA C

ET OAOOEI T Al Cci OEOQOEI j &EAT DAADEAQh ABABAB D AR
OEA %%- 4AAl A O (UAOI AT A AsPiiT OAOEIT ' Ol OB



(AOA AEi111x0 A O006i1 AOU 1T &£ OEA 1 AET 1BER OECI
AEl11TxETC AgAi b1 A0 AOA 111U OEiIi PI A AAGAOG OI
AAOA8 4EAOA 1 AOCAT U AAPAT AO AU OEA AAAECOI O
OEI A CAOA AT A OAAAEOAO NEI OAOOS

4AEA NMEOOO AQAYDBCAOACO &EPXAOEAOCEIT ET OEA O0OAC
Al i DbOOAOGEIT T 8

Forward Responses Varying Rho

B
——no |P
—+#—Rho = 1000 ohmm
-7 —»—Rho = 500 ohmm
—#—Rho = 100 ohmm
Rho = 50 chmm
81
< 9r
£
g
= 10
=
@
- -1
":c:_
[o2]
2 2f
-13
-14
-15

-36 34 32 -3 -28 26 24 22 -2 -1.8
Iogm(Time) [s]

EECOOA vBuWS %AEEAAOOWKEQBYEDARBDARSE R BOBA BEAIO AGAEN &C x EOE 1 AC
OAAI OAET CO AOA ET AEAAOAA xEOE AEOAI AOS8

A 4EA 1T0i AAO T &£ 1TACAOEOAO ET AOAAGAO AT A OE

AEOPI AUAA AAAOAAOAO xEOE ET AOAAOET ¢ OAOEOQ
A 4EA 1T ACAOEOA Oi1 OAGCAO ET OAT OEOU ET AOAAOGAG
A 4EA Yo AEOOT OOETT GCATAOAIT U ET AOAAOAO xE

AOOOAT 60 AOA xAAEAO AT A AAAAU EAOOAO xEEI

) VECOOA (Bl oA £EAAOO | £ Al E1 AOAAOGEI C AEAOCA/

A N oz P N TN



Forward Responses Varying Phi
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Forward Responses Varying Tau
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Base frequency (Hz)
Transmitter area in?)
Transmitter turns
Waveform

Duty cycle

Transmitter pulse width
(ms)

Transmitter offtime (ms)

Transmitter turn-off (us)

Peakcurrent (A)
Peak moment Am?)

Average momentAnv)
Sample ratg(kHz)

Sample interval (us)

Samples pehalf-cycle
System bandwidth

Nominal Flying Height (m’

STANDARD

25
244

Square
50%
10

10

42
280

68,320

34,160

75
(on X and Z

13

1,500

25 Hz to 37.5
kHz

120

HIGH
MOMENT

25
244

1
Square
50%
10

10

80
1,200

288,000

144,000

75
(on X and Z

13

1,500

25 Hz to 37.
kHz

120

TEMPESY
208

25
154

Square
50%
10

10

~55
560
86,240

43,120

76.8
(on X and Z

13

1536

25 Hz to 38.4
kHz

100120

EM sensor Towed bird-3 Towed bird- 3 Towed bird- 3
component component component
dB/dt coils dB/dt coils dB/dt coils

Nominal TxRx horizontal 117 117 115

separation (m)

Nominal TxRx vertical 41.5 41.5

separation (m)

Stacked data output 200 (~12m) 200 (~12m) 200 (~12 m)

interval (ms)

Number of output 15 15 15

windows

Window centre times 13pusto 16.2 13 usto 16.2 - 13.3 ps

ms ms t0 16.2 ms
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