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2109933 Sei smic Recording This invention relates to a method of seisnic.
recordi ng using an expl osive charge to generate the seismc 5 si gnal and

in partpEUIar to an inproved nethod of indicating the time-break on a y
seisnigymé@grd. The invention al so includes an apparatus assenbly for r

indicatlgg; he time break on a seismic record. In the prospecting of

geol ogigal/forsations using 10 explosive charges, seisnmc waves are
generated in the formati ons by an expl oding charge and are refl ected or.
refracted at rock layer interfaces. The reflected orp@4q33 ed waves are
detected at the earth's surface by geophones which convert the waves into
electrical 15 energy and this is used to nmake a permanent record, on
photographi ¢ paper or nmagnetic tape, of the waves received at each geophone
| ocation. The seisnmic record indicates tRe time of generation of the
seism c waves, i.e. the explosion of the charge, and the tinme of detection
of 20 each wave ( seismc event) at the geophone. From a know edge of the
speed of the seismic wave through the earth, the depth of each subterranean
rock interface can be cal cul ated. For accurate calculation of the interface
depths it is inportant that the exact instant of generation 25 of the

seismc mave,g@fgﬂiémggggga%ggy’related thereto, should be recorded

accurately as™a This reference tine is generally terned
the "time-break' of the record. -2- In the current nethod of seismc

prospecting udhis aneentdon celetgs 8o ahmetticdi ofeadiBmigrreecd@ng
ek e R e IR GharkE s ForfhrfE8L BRSNS S ©
However, sevensdigrniakpandalineipaxtticullarotat ars iwproved methadiofbursting,
indicating the time-break on a seismic record. The
invention also includes an apparatus assembly for
iﬁdicating the time break on a seismic record. ._
' In the prospecting of geological formatimns using
10 explosive charges, seismic waves are generated in the
. formations by an exploding charge and are reflected or.
refracted at rock layer interfaces. The reflécted or
refracted waves are detected at the earth's surface by.
geophones which convert the waves into electrical
15 energy and this is used to make a permanent record, on
P photographic paper or magnetic tape, of the waves received ¢
' at each geophone location. The seismic record indicates
the time of generation of the seismic waves, i.e. the
explosion of the charge, and ‘the time of detection of
20 each wave ( seismic event) at the geophone. From a
knowledge of the speed of the seismic wave through the
earth, the depth of each subterranean rock interface can
be calculated. For.accurate calculation of the interface
depths it is important that the exact instant of generation
25 of the seismic wave, or a time accurately related thereto,
- should be recorded accurately as a reference time. This
reference time is generally termed the !time-break' of
the record.




there is a del ay of about one_ni[liiecond bet ween the application of
current and the bursting of the detonator, due mainly to the ti uijr ed
tpp heat the 10 detonator heating wire elenent and fusehead prifn
conpgsi tion to ignition tenperature. Thirs2delay tine is variable
consequently the time break indication is not a conpletely accurate

reference point Jor the generation of the seismc wave. 15° It is an
obj ect of this inventhobhéocproghtiemathotdhod aeﬂsnppapabspeébingrusﬁdgngna

mor e accurate | AghFALION Shoblie ALERDT SBKaRo2RELEY SolBEQ dpEhan e

nmet hod currentlyxﬁ C prospec usr ng exp osives to
gener at e se|sn1tlmevbsea201ndlcatednoac&bedaqeerdn1% thestiﬁeeﬁflon a

met hod of SelSnaﬁpifeeiﬂbagofhelsberieléﬁkfeﬂaveé ens geaetai 8dab¥ohhtbrd
an epr03|ve char%6 Eé neans of  a etgnator Vi n ﬁlectrlca
S

el ement and®ar U8 udBREyer ERB, BXR1QPLEP FRAFE tlon BVeVQFPaEY?gnWéFg
subt errean rocksgécialagtectpier §atonatopapdestgneélicforepapdtl: bukrsedngg

firing energy from.an.A LOY S8 S c o] Ienent
through ot anstBPEer 1anfAeRss 2 RHbHF, bier B ia Es8Ekblr b UbhoRyE),
source and a seappa3c9t¢oncgtttbennncreuttengatueebucstnugugﬁuthsn elenent

said primary C'EStha@a¥'naua Rasakgble eaétt@ﬁea§aahs§ean@odhéaes%Heso as
to be ruptured the expl osion of Sai.d_e osi ve cting the

ti me when t#e sﬁ?H°BPEBKaB?ét3PScH?Fep8FFFSHtl§n3r%H geggdpr Rip&sponse
thereto, anlnge&mﬁBéthﬁntbe sgnsmEOnreempdrhmuredlcamhla tHelmybrtéme as

the record. 1n LRLsafELNgdacHORERNuth b T LAY kBnbNE-BOL REMs ERESHR! "
P 0]

thevepr05|on eve he™1"gni I's "préevious
preferred mannenotot pgmplngeiueapnuenteonetarenpeappioe tne sheak |n the

circuit is dEtGEEEQrQ¥ion of the seismic wave.
15 It is an object of this invention to provide a
'method_and apparatus for providing a more accurate
indication of the time-break on a seismic record than the
method currently used in seismic prospecting systems
us1ng exp1051ves to generate seismic waves.
20 In accordance with this invention a method of
seismic recordlng whereln seismic waves are generated
by flrlng an explos1ve charge by means of a detonator
'having an electrical ignition element and are subsequently
recofded after reflection or refraction at subterrean rock
i 25 "layer'interfaces comprises the steps of:-
_ feeding firing energy from an A.C. energy source to
said electric ignition element through a transformer Whlch
has a primary circuit connected to said A.C. source and a
'secodda:y circuit connected to said electric ignition element,
said'piimary circuit_having 2 breakable portion adapted and
'diSpbsed so as to be ruptured by the explosion of said
‘explosive charge,, | . _
' detectlng the time when the said breakable circuit
portion is broken; and, in response thereto,
: making a mark on the seismic record to indicate a
time-break on the record. _ _
_ - In this method current w111 flow in the primary circuit
until the explosion even if the ignition element is
previously fused.
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the cessation of current or a rapid rise’in voltage across the breakable
circupt _portion. 5 The time difference between the expl osion of the ,
char g€ @hd the marking of the tinme-br&k on the record will depend on the. *
tinme kdn for the circuit to break and the additional tine requi red for=*

the agtetting neans to operate a marking device on the record. Using a 10

circuit of |nsulahedacpppdermbdemaanesedo&omuﬂtﬂm@ammeemmwbmhdom1asting
det onat or

the tine: brgggl ngﬁagg ﬁgr k %q'ret Y ReRIds3RLA ¢4 %(:It%e{;%ﬁte?%%ﬁ ng devices

e seismc record _
nm cr osecondthef cessatdoaxgifosusrest e aciranjs nise im vadd@eone 15

~tenth of t hﬁc?-bgﬁ b’ reakaniel WasRuiRe goridy . eak recorded fromthe

application of current to the electric detonator the ex on of the
char ge Fn t he nmeth8d tdPeq Hitipaense 'ﬁ%ﬁ‘?ﬁ?r%é’re éi’(?r

ar r angement &haugteaaha 28e ﬁaﬂ-kifnfge of aﬂmttmmneam ar etmmdm;oxfdnr

exanple, in_Q n m_R e and are
mar ket ed ung'el:irlt H% ?’gdglnn%rqfl\% ) gna%kt%IQI ?IQ ere e"zq\/la%rzlie)?a?Ilq In such
det onat or s . ehd itheuksddd loaadi tdme meaquiged tf@ﬁét@ai&ﬁeqf@ﬂ& &eadlsenent i s

| ooped as atgde eea%enaawafmﬁ@ r&ﬁw% aHd NMcdaped ttfs':ifh?é Q mer core,
usuallﬁ a toroid, whi frrin ead wire fromt eis

h . sour
el ectr Hagné"ﬂiré%l‘ﬁ[ty°éoéﬂisé‘&a§§da H?&?WW%(?{%qu%efe% %W%cﬁdl ng
usual l'y bei egemumbemuetaa\gerd@todﬁwmtwadm twellred eyl curbfastly

detonators $0asadis BSANULAAES A P ALACLIOTAAR ARSMISILR! (111 N0

by stray el r|C| eca se e secondary (s
circuit thr dbegmarkeddonortieosedamiie rgaond At &hﬂlm I%O%mieqmcm Si nc\e/

the transf iR rC ¢he Le'a:pffoeqwea: Slﬁiéacctlia‘&%e j t1 GAh ff ROk to prevent
0. 38 [FeRth Otathe didendigdetohie HRIIRRY T GHTS Drawk dRRTded |
pr ot ect i on fﬂrol ehec appTagatiiion roliaivrent talte dﬁ&ﬁﬂh tmmxmdme
aerial effeg&d the explosion of the charge in the method used
‘hitherto.
Transformer coupled detonator arrangements suitable
20 for the present invention are shown for’ example in our
United Kingdom Patent Specification No.GB 2022222A and
are marketed under the trade name 'Magnadet' (Registered
Trade Mark). In such detonators the insulated leading
wire from the detonator igniter element'is'looped as a
25 secondary winding around a ring-shaped transformer core,_ -
usually a toroid, to which a firing lead wire from the
A.C. source is electromagnetically coupled as a primary
winding, the primary winding usually being coupled to
several detonator igniter elements. These detonators
30 give the advantages of protection against accidental
firing by stray electric. currents and static electricity
‘because the secondary circuit through the detonator can
be short and totally shielded and since the transformer
core is frequency selective, it can be designed to prevent
35 firing of the detonator from high D.C. and low frequency A.C,
currents (e.g. 50 Hz) and static dlscharge 1n the primary
circuit. Moreover protectlon from electromagnetic
radiation is also obtained because the aerial,effect of




!4- the.short secondary detonat or circuit i's insignificant and that of the

primary is |less than that of the . dlrectly connected seism c detonator =y

Qurrently used by a factor of at |east the nunber of turns in the seconda(;;égj
ing of 5 the transforner. Cbnvenlén?ly the ignition elenent is { }

electronagnet- ically coupled to the A C. source by threading |leading wire
fromthe ignitiﬂMee¢mmrutseudndheyAdétonmuonecihcuﬂgh1a iosbgoiaficant

transforner corg, ge &fag+&9&¥&@§ gs 1££Q”¥ﬁ£ﬁ tﬂ&ttaQHtﬁéea?ﬁéc£9ythe
transforner are a van ageous I ci entl or ensur e
portion of the pPnp@ele |$€H$@1¢sdﬁFﬁkéﬁobyCFHEeéiﬁYoB?Gﬁ byha EppheELes

assenbly of theatnygastobné ohumbérceti arast inethécgEcondaryewonding of
seismc S|g al ene ated by firing an explosive charge by neans-of a
det onat or haV|néh%ntg?%§ PTREF-ignition el enent conprises:- a transforner
having a prinary cirConvehbentbynthei bgnitian dlemenheigyelectremaguet-

secondary CiTCujLaiph £8ufP08CEI PR R €21 doBbEE! ByCthOBbEIRR €L BERRE: . sai d

prlnary circuit avil g Eortlon a ap ed e rup e
expl osi on of savdrespfsemythenigpitiandetewentapf tBAsfng- nBARECAdapted to

generate. a Slgnahréa Haaktarbiaﬁibtﬁahsgarﬁbs aard reCThg 18adeagoRseeds
to the rupy The transf orner

g ﬁ a{ rea bl e c r cui &hgor%b %
advant ageous! y H58®a P?nngb °Ph? ﬁﬂﬁn RhtPRtEBRABERFBPTWAFEs fromthe
A C. source andaﬂhendegeoaSby keptt sufifdtienhlyasborbopedensupeothadts a

primary and senggg@EXnt5fn§%€ HFiin?CHiiéul%ois brokexhﬁye%ﬁgtékﬁﬁbsidn.

sensing means may conven en current responsive device
cdnjected in series WP?haPh%eréﬁkaﬁﬁémBFEcPfl53? éPFEBtFOBofPFon whi ch

device, on cess@hiiPBa®inghs eﬂﬁéea&eﬂ&nehaheSeaoiagaglatsemamkctbﬁgnal
tine- break gn the s sens ng neans
e?

may conprlse a 58??5@§ege§§oﬁéf§§gd§9|Sﬁpgﬂﬁﬁ c%ﬁﬁggFegya@?SQS P

br eakabl e circudéetpnatoonhawhnghan electrical ignition element
comprises:- | _ :
| a trénsformer having a primary circuit for connection
to an A.C. energy source and a secondary circuit for

20 connection to said electric ignition element, said primary
_cifcuit having a breakable portion adapted to be ruptured
by the explosion of said explosive charge;

_ and electrlcal sensing means adapted to generate a
51gna1 to mark a time-break on the said record in response

25 to- the rupture of said breakable circuit portion.

U ) The transformer advantageously has a ring core through
| wh1ch the .conductor wires from the A.C. source and the
detonator ignition element are looped to providé primary
and secondary transformer circuits. '

30 The electrlcal sensing means may conveniently comprise
a current responsive device connected in series with the
breakable electrical circuit portion, which device, on
cessation of the current generates a signal to mark the

~ time-break on the seismic record. Alternatively the
35 sensing means may comprise a voltage responsive device
' Shunt connected.across the breakable circuit portion, which
' device,fin reéponse to the increased voltage consequent on
the bircuit break, generates a signal to mark the time-break.
Preferred electrical sensing means comprise a transformer



device, in response to the increased voltage consequent on the crrcurt
break, generates a signal to mark the tine-break. Preferred electrica
sensigig\neans conprise a transforner=- 5 ~5 - having a prinmary circuit —~
conngbttleld to the breakable circuit portion and a pul se detector connect eds
to a gondary circuit of the said transformer, said pul se detector being
adapted to dﬁh@&hgt aepmﬁxae-nceleedl& co‘ﬁ%%%&bﬁo&wfthléub&'@&ldalmléced in the
sai d secondar %n en en r%y Pﬁ R %d Loy h th% 3& akable circuit .
por tion fronF ﬁcﬂl POSkACE &t PurE %ﬁ &S0 & &I Ssi*ve char ge.

A preferred pabeaddewecﬁanuﬁ¢roﬁemhengahﬁgnrhmsquemmsr4m$aiaspﬂiswsed for 10
firing elect houpdegl fRihy GAURLEN 18! RIS LAUDLLIRAR and

resi stor- capac Cl I’CUI con ec e a rect er to the said secondary

circuit ﬁheréﬁ?sﬁﬁéoéaﬁécpﬂéﬁeﬁs1@@&F@@Hiﬁyt §@é@-ﬁmQ9§§%nYtrmesecondary
circuit, a veh&-eaetcaﬁear ehe&'gyoleogaeeedt RO rouRacithe’ bi@akagael5 with a
reference vol E gn n&ans r,esponsi 8}0 t he voh@r%e cq arator output to
. mark the tinGiBFBAE BRTEASDSSTOM A0y Ac b d SOMESFS Cor voltage falls
bel ow t he r eéapdnsdonobtfaghe : eX§ﬂesuabuehaaBebhe meanamarnadinnﬁsﬁﬂtor may
be chosen so 0 0 t t hat
8?%3?1’%9’ B %eh'%‘i %h Qﬁe%%enc;&glrptlﬁb WA I Sor°

t he voltage e char ca a el ow.the.reference
vol tagel@uri A4rdpe pde T@F@B@eﬁﬁpahlm coupleih daonRE 0TS QOIMBLSAR t age i n

a time inter aareﬂibt%&e%hbhc&&%ﬁe@iﬂﬁtﬁ&e ol’d:h'n%%t%)@ haa 25 rectifiehhe

t further illustrated by th nt g, whi ch h ft
par L1 cul ar | y tRoEBe B, 3o Ras B Yo PTG BuRA TR0 TR, E AR A RO R bnpanyi ng

dr awi ngs wheekamrgeidgbly dnduced @gdaesaﬁmcambyseommdanm odirsgriam 30 o/
ncl udi ng an yBRRALAl LanRasatlly o colipare U Ygab il YR W N an
eprosrve char e er at

15 a re erence voltage and means responsive to the
voltage comparator output to mark the time-break on the
seismic record when the capacitor voltage falls below
the reference voltage. The values of the resistor and
,capacitor may be chosen so as to cOntrol the'capacitor

20 voltage decay rate so that the voltage" of the charged
capacitor will not fall below the reference voltage
during one pulse cycle but will fall below the reference
voltage in a time interval not greatly exceeding one

- pulse cycle. o '

25 ' The invention is further illustrated by the

| embodiments which are hereinafter particularly described
by way of example with reference to the accompanying
drawings wherein '
- Fig.l shows diagrammatically a circuit diagram
30 1ncluding an apparatus assembly of the 1nvention in
conjunction with an explosive charge for generating
. sSeismic waves; and _ :
- Fig.2 is a schematic diagram of a current sensing
device .for the circuit of Fig.1.

35 . In Fig.l an electric detonator canﬁg'l"is located in
a pocket 2 in a cylindrical explosive charge 3. The
resistive bridgewire 4 is electrically connected at its
terminals to the ends of a continuous leading wire 5
which is insulated with a coating of polyv1ny1ohloride

£



seism c waves; .and - Fig.2 is a schematic diagramof a current sensing
device for the circuit of Fig.l. 35 In Fig.l an electric detonatonj\
casing 1 is located in a pocket 2 in a cylindrical explosive charge 3. ¢ ~
The yesistive bridgewire 4 is el ectrically connected at its termnal ¢

the ends of a continuous leading wire 5 which is insulated with a coatl

of pol yvi nyl chl and has an.internedi,ate portion wound as

ori de ] 1. a
secondary mﬁndiﬁédapaﬁn&nalPGFSFﬁ 1a@ﬁaﬁ§F&Fﬁ@rw§8P§ 8s a $REOPPRIFewni re 4
i's enbedded in wihdihgadrommgosi ttiorwidads tirans foomeanicorealé .el eThei C
fusehead assembl ggelfized s 14°LARAMNLIN Haltnhelld WinpoRhFues & and base
charge 9. An el ecfri’c géenerator I'S connected-1n serires wth an electric

sensi ng devi ce iR By cenyentdonads eileetirice fuseheask sspmbdyr2 wiheh is

| ooped i ntost r aRgf@haRbrCRoAtA1AS 3 RiiifDY \@hra@'fg@,s_ ahe Bakel @hadizel®.
the circuit formng the ernary wi ndi_n 1.ng f|C|e3t%y close .to the

d be su
expl osive charge 3 t 8%pEIECHEAR ﬁﬁ@ﬁr?%grb r §& SOPRES §..2;rﬁ§rFF§nsforner
core 6 is |ocatedthnaa kedelcawicpseansfingnedviicea 11r biyeat iciercplidstofcs cap 13
on top of the eiBEﬂiﬁ%QdF%%ﬁ%%:i%i wire 2TQ%i%SP§En30%§%HFq kb IS
connected to a ielsn}c.recor er ¢ to n;éﬁmggg %ﬁﬂ@ﬁg&f Ehgpgggr_ of
exanpl emagnet i c tFaR81OrMeFoCOFCaPhids Paj &n i8rsc (¥ Fdem
ol 6 20 5 T o
strong and at t {9 8rF€b& @&Eﬁﬁ@?xﬁkgg?ﬁﬁﬁé% e Pﬁb%FP§ﬁ?f3¥ﬁ¥¥%%¥ﬁe
characteri sti cs chargedexplades.r entThen transformedarcore 6diisy lacatted dor e
andi gnite the gepehlesd SAMOYLLAN Lo Wit db il Jilidics Ui, 9iplagst ve
charge 3 25 i n %é_conv Rt onal wehner - The current fcontinues -oqéfow i n
t he conductor wite® of Fheeexpiesiye 9bd¥esf- t he conposition 7 and breaking

of the 15 The sensing device 11 is connected to a seismic
recorder 14 to mark the time-break on, for example, magnetic
tape or photographic paper when the circuit through
conductor wire 12 is broken. o |

In operation, a high frequency current (for example

20 15 KHz) is.generated by;generator 10 which is sufficiently
strong and at the correct ffequency determined by the
transformer core characteristics to induce a current in
the secondary winding on the core and ignite the matchhead
composition 7, which in tufn ignites the explosive charge 3

25 in the conventional manner.

The current continues to flow in the conductor wire 12
after the ignition of the composition 7 and breaking of the
detonator circuit and only ceases when the circuit 12 is
broken by the explosion of the charge 3. When the current

30 in the conductor wire 12 ceases 2 signal is passed from
sénsing device 11 to the recorder 14 and the time-break is
marked on the record. The sﬁbsequent signals from
geophones in response to the_reflected or refracted seismic
waves are subsequently recorded on the seismic record in the

'35 usual manner. '

The current sensing device 11 shown in Fig.2 is
éppropriate for sensing a high frequency current in the
conductor wire 12. The device comprises a toroidal



detonator cifcuit and only ceases when the ClFCUIt 12 is broken by t he

expl osi on of the charge 3. Wien the current 30 ‘in the conductor wire 12
cease signal is passed from sensi g device 11 to the recorder 14 and the ¥
tinme- k is marked on the record. The subsequent signals from geophoneé
inr se to the reflected or refracted seisnmic waves are subsequently

recor on triagsfermerc aosorld ithnowglsyhighia single tupne olirthent sensi ng

device 11 showaulch g% Gidd IPRAY %dp%tae d<hry Sgﬁ“ﬁﬂzﬁgy awiwihéreqtpency
current in the conductor wre- he dewjdf rlse or oi dal

t r ansf or mer SEGPRIBTY; HAGHREA cﬁ‘b@%gﬁ?‘l ene'1 ofluctor wire 12 is
| ooped as acmmrmtﬁdmmdlang-ectﬁmcmmmwmmmg)mtﬂectnﬁmdal core

15 is cgnne ?'ﬁ 7a re%ﬁizjﬂe?xg: (rgﬁ qrgglsse rf§ &4 ! J'I‘% éaa%odl ode 17,

a current resi stor I'Tng zener de 19.
The rectifi @Dnd: iimg @eél%hébm tJ@ -char é‘%ﬁﬂa&i%brcmumlm has a

di scharge r %we%e%l tfbomqtg%d al A b @monﬂfﬁh tm@s r@t&éﬁnﬁﬁg@y of
t he capacitor disch a?aq.y capaC|tor %) tage 10 fed to a voltage

conpar at or -Fe£Sigtory %’nlﬁeé’r?eé’al b "s‘?/ﬂft’é‘ﬁr n‘bh%ﬁ%‘iﬁ 9% which is
connect ed t@ea:alyomtmld Q:alpaldnwzbrchisnhangae géﬂ&r atapadBtor vidiketage put

fromt puI rator h ference
vol tagg'%l S. a eg ttg' tvk?é'?{:fg.% q%pargﬁ% szél f(Icé':i‘hgﬁrrenjfgt%l V\]Igr?l n
conduct or vmaml_i‘!yaaﬂa@wid:rcma §irmsgéthlﬁh e’%ﬁ:mm¢@#ﬁdc1ﬁlaa to a

vol tage exceppliosdabie Wlﬁtri%ﬁﬁ'a\t@ﬁ Hifise geforapeeid® 20rpd resistor 21

are.chosen to, |vead|s ha I me- constant_of the 20 pacitor 20 (R x -,
3 Sstich t haPUthRt: 2308 AHE PHLSa BRI A4S (AHPTHEA Ot et or o

reference | eecorder 1d.one A wefarenns voltage isitaldd Ifémlto beheow t he
| evel th| LR o val not greatly exceeding the tine of one cycle.
Thus en theﬁl(?urrgg:ntrmz?’conductor wWre 12 ceases |

While current flows in conductor wire 12 capacitor 20

is recharged by each current cycle to a voltage exceeding
the reference voltage.' The capacitor 20 and resistor 21
. are chosen to give a discharge time cdnStant ofuthe
20  capacitor 2OI(R x C) such thét the capacitbr voltage does
not fall below the comparator reference level during one
current cycle t1me but will fall below the level within
a time interval not greatly exceedlng the time of omne
céycle. Thus when the current in conductor wire 12 ceases -
25 the voltage of Capacitor'zo quickly falls belbw the _
reference voltage in comparator 22. In this condition N
the comparator provides an output which triggers the
'_ pulse generator 23 and a pulse is fed to the selsmlc
recorder 14 to mark the time-break on the seismic record.



25 t he véftage of capacitor 20 quickly falls-betow t heTeference voltage

I n conpar.ator 22. In this conhdition the conparator_proyi t put
ahich triggers the pul se generator 23 and a pul se Hwﬁ mﬂiﬁﬂ‘lﬂl}s‘wsm C -
fecorder 14 to mark the tine-break on the seismc HE'EL "y -s8 « dai ;3
1.~ A nmet hod of seismc recording m@eéeLn seism c waves are gener at gd(by,
firing an expl osj ve charge by neans of a detonator having an el ectrical
ignition element and are 5 subsequently recorded after reflection or
refraction at S¢P£ Lean rock layer interfaces, the said method conprising
the steps of:- Teeding firing energy.froman A C. energy source to said
electric ignition elenent thrqu g a transformer

circuit connect®d to séiﬁeﬁPeg 8

10 ghich.has,a rinar¥
(Selsmig 2ecording, YRErFLE poLERAS PRUCE,
said electric ignétgeneechtednby f£iartingr annexptosivet chavgegby besakablfea

orti on adapted - dispo . A u Byt h Si sai d
gxplosive cﬁarg%?gggg£8p ﬁgglﬁ%e?@c%?ﬁggfggggi%ggﬁgéﬁhtﬁégégbg %ﬁga%ggle
circuit por3ionsibsequkphlyanecordedeafbazerefitpetdonngki KeLIR2R/AARMOALt he

sei smi ¢ record LontadieahCracki TRybredkteprhbes), c¢abdsald methddnet hod as
clainmed in aim1l wherein t break iin 20 the breakable circuit portion

! he
is detected by FABPELSiRE; EReoFteAF @ff—or a rapid rise in voltage across
the breakable circuit peeting. £3ring eAergyhdotomsanl Ai.Cedenergyasouzce

wherein the said bt ahl tE] LI G r g LR kN | 25
primry circuitggfégggrgggFg%gérEgﬁigﬁsg[gz#hggangggggga? %%ﬁgggf?ge%.c.
energy is 1@d tNhégghh&ﬁeasnrémbrﬁaﬁéspﬁlélé@PPP@&Pdc¢Pc§ﬁgdpérphoﬁ°HHPPn

the jexpl osion ofnjhg g8@bHAargNEitrlaikr @3knkRted dobsai@abliectirieuit .
portion js dete%éggtgxndg&ggghgg gggd?%ii%%}gncg;cgg%rgg%ing a breakable
portion adapted and disposed so as to be ruptured by
the explosion of said explosive charge; :
15 detecting the time when the said breakable circuit
portion is broken; and, in response thereto,
making a mark on the seismic record to indicate a
time-break on the record. _ ' .
2. A.method as claimed in Claim 1 wherein the break in
20 the breakable circuit portion is detected by the cessation
' of current or a rapid rise in voltage across the breakable
circuit portion. '
. 3. . A method as claimed in Claim 2 wherein the said
N : breakable electrical circuit portion is included in a
25 pfi@ary circuit of a transformer which also has a
secéndary circuit, A.C. energy is fed through the said
breakable electrical circuit portion during the explosion
of the charge; and the break in said breakable circuit .
portioﬁ=is detected by detecting the cessation of current
30 in said secondary circuit. '
4. A method as claimed in any one of Claims 1 to 3
inclusive wherein the said igniter element is
electromagnetically coupled to the A.C. source by
thréading leading wires from the ignition element and the
35 A.C. source through a toroidal transformer core.
5. A method of seismic recording substantially as
described herein with reference to the accompanying
drawings.
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I n. sa|d~setﬁﬁ657§~grrgarzpﬁ . A Tethod as clainmed in any oneé of :
Clalns to 3 | ““ﬂl\ the said igniter elenment is
elec gnetl wﬂa the A C. source by threading |leading wires~ #
e

fron1 |gn|t wert dnd the 35 A C. source through a toroidal — ‘w
t r anskor core. 5. "A nmethod oL geLsm c recording substantially as
descrlbed hereln with reference to the acconpanyi ng draw ngs. - 9 - 6.
An apparatus assenbly for indicating a tine-break on a record of a seismc.

si gnal generéted byAdi appgrabusxpésembdycliargéndjcating af;amdebmeakor
having an elgetlifabolgnbk! Q”ssigﬂﬁﬂts1§ﬁh§ §§ﬁ8¥2%¥d08gpﬁi§kﬂg an er gy

a transforner having a rlnarg crrcuit nnection
source and ®Xpteniweychrrgei PyrBeapsnAéchi datepasardhariesg: pa |gn|t|on

elegentd Bal?ﬁ@étfﬁ?%lCigﬁﬂtiohaéléﬂeﬁtbfQakabhgséﬁblyoEoﬁﬁﬁﬂbiﬂgt8 be
rupt ure e ex i on osive ¢
elgctrlcg Y senS|n8 néﬁﬁgsgﬂﬁﬂ?ﬁdh QﬂgnarafémﬁrglﬁﬁﬁFuﬁ3 #BFk a time-break

on the sald cenmedtlonreepmnse €Co ehergppsonecef andi d Beeahdbiry circuit

~ portion. 7. ﬁﬂtaféﬁ”§g ﬁétfbﬁ'HSdshEdCLiéﬁkgiWhEgﬁE@15% 8& CRidgk0r mer

has a r|ng core rou conductor wire sourde and
t he |gn|t|cw§%i@h%h%m%¥ﬁ chopeitt bapingi acbperkabyeaparidesnadapted

transfor ner @érﬁélfﬁptﬁred byﬁﬂhéséﬁﬁbb§1aﬁ eleasaed eﬂpibéhWchﬁhrEEa'”‘7
wher ei n,t,he el ectri cal s n ni ns ng ses_a cg r.es onS|v% evi ce
connect &8 in serlesaﬁﬁtﬁ trgfﬁ kaBF S3ge @F%E?r? Eﬁrﬁﬂl eB§r A En,

whi ch devi cea signabstoimarkfat htmedbreak on the said eeakrdblia circuit 'gJ

portion genef@é@?n@esfgn@ﬁ%;9uﬁ?%5e o%lEﬁiﬁrS%Eaﬁgbigeﬁi§b§QEcPB?%QBQ 2.

An assenbly as armed in I'cal” sensi ng
means conprides a v%mt53%9291Yré§p6ﬁ§%@éddé9|Qéaéﬁuﬁtwbéﬁﬁéétébeacross t he

breakabl e  transformer has a ring core through which conductor wires
15 from an A.C. source and the ig'nitioﬁ' ‘element are looped to
provide primary and secondary transformer circuits.
8. An assembly as claimed.id Claim 6 or Claim 7 wherein
the electrical sensing means comprises a current
responsive device connected in series with the breakable
20 electrical circuit portion, which device, on cessation of
the current in the said breakable circuit portioh generates
a2 signal to mark a time-break on the seismic record.
9. An assembly as claimed in Claim 6 or Claim 7
wherein the electrical sensing means'comprises a2 voltage \;,
25 responsive device shunt connected across the breakable
electrical circuit portion, which device in response to
the increased voltage consequent on the circuit break
generates a signal to mark the time-break. '
10. . An assembly as .claimed in any one of Claims 6 to 8
30  inclusive wherein the electrical sensing means comprlses a
transformer having a primary circuit connected to the said
breakable circuit portion and a pulse detector connected to
a secondary circuit of said transformer, said pulse
detector being adapted to detect the presence and cessation
35 of pulses induced in the secondary circuit when,energy is
passed through said breakable circuit portion from an A.C.
suurce'during the explosion of the explosiVe'charge.



electrical ‘circuit portion, which device im response to t he i ncreased

vol t age consequent on the circuit break generat k the
1i me- break. 10. An assenbly as clained in an mﬂ m’ !@H'l}ﬂ[ﬂ[

i ncl usi ve mhereln the el ectrical sensing neans cenpmls

ha¥fng a primary circuit connected to tgg) sai d breakable circuit p

and a pul se detector connected to a sécondary circuit of said transforner,

sai d pul se detecCtor being adapted to detect the presence and cessation 35
of pul ses induced in the secondary circuit when energy is passed through

sai d breakabl e 1di.r cui tAmp@asesb ¥y & fadmed dov e i it Fhere i fikssi on. of

the explosive GAe detecttl dolmprisell AYRGINY soRccaa bk 'crh@rﬂlﬂn 10

wherein the pul'se detec nprl ses,.a resistor-capacito ected
via a rectifi e,cqn(;xe(q}'@tg SSRkRAtes RCRLI i cg %Jen‘%lr AcTt ocﬁi)w .

charged by i ndwtadeby st |crapzttei.15)r e cahadeged By c:mdu,c%d wiksege in the
conpar ator(#]o ool (fahltéﬁ Lyl ‘ycpi Jbd laa{&feg ﬁ’ﬂéaﬂ?eand
Si \? Vo age

means resp conpara out ut to mar time- break on
the seismc remwm twel tagm vkt W@Q%‘@ﬁ%ﬁl@lﬁ%ﬁv% MeARF ence

vol tage. 10 12resporf¥i P PES ANt RSBHEY Yediar b€ adu tih . 0 MEaik egike ON a
record of a sei smc si gnal generat ed b an ex ive 1€j}har‘gae su]k_)étantl ally
as descri bed he‘?’é‘?efrbiﬁf'lgfﬂﬂ/m he, st?'i'es’ r?a’
: voltage falls below the reference voltage. ’
10 12. An apparatus assembly for indicating 2 time-break_

- . on a record of a seismic signal generated by an explosive

charge substantially as described herein and shown in the

accompanying drawings.




