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.. ' 1 • IlI'lBODUC'l' 101 

The objeot of thia note is to present the data and intoraation on 
the "Vibroseis" aethod colleoted Qy the aRthor froa the following souroesl 
a vi8it to a Seia.agraph SerTioe Ltd. "Vibrosaia" party in the Carnarvon 
Basin on the-21th,28th,and 29th AR~8t 1963, South !frica Patent 62/1852; 
various publiahed artioles; di80usaiona with seopb7sioists haTing had soae 
experienoe with the aethod. The note is inooaplete becau8e v.~ little 
baa been pabliehed on this subjeot and beoause, as oertain phaaes of the 
aethod are oontidential,ao.t diacueaione .ith Seiaaograph SerTioe Ltd. 
repre.entative •• ere not veXl iDtor.ative. It ~.t alao be oonaidered 
provisional and will be ooapleted or revi.ed .haa further intoraation i. 
obtaiDed. 

2. USUL'fS PBOJI LIl'lEaR lIL!EI !llmR! 

!he Maio ideas and rellUlt. froa linear filter theor,r needed to 
understand the -fibrosei." aethod are briefl1 di.ous.ea. The aatheaatioal 
definition. aDd derivationa .., be foand in~ stan4ar4 textbook on filter 
theor,r or in note. b.J C. Chenon (in preparation). 

In aeiall10 exploration, if the earth is oonsidered .. a tllter, 
and the exploaion ... & unit iapulse tuaotion (i t i. of ver,r ahort chlration . 
and ita frequenc1 speot1'\lll i8 ve'q' r1.oh), the seiall10 record will represent 
the oharacteristic or .eighting funotion of the earth. The object of all 
a.i.lI1o aethode is to obtain the filter oharacteristios of the earth. It 
.ill b. shoWn how the "Yibroaeia" does it. 

A liaear filter ~ be defined. &8 a devioe aodifying an input 
twaotioll f (t) with a •• ighting tunotion It (t) to give an out pat x (t), 
.hen 

+-

x (t) = / f (T) k (t - 'r) d T • • • • 1. 

ifhe .eipting ructioll k (t) i. the tllter reaponae to a 1lD1t iIIpllae 
taotioll 8 (t) (known as a Dirac), so that . 

. +00 

k(t)= I 8(T) k (t--c) dT • • •• 2. 
_00 

!h. tilterille prooe •• u::r " uplaiMCl 1Ilt1l1tivel1 thus 
tu ~t SUM) i. Ab-tin.ted iato iapal.e. at eca.1IA1 '* 1Iltenal~ u4 tM 

auaaUon ot all. the NspO." to .... Uip1Ilaea p~tM _tp_to. Th1a·18 
n:pn .. ~ aathBatioal17 ill Bqutioll (1) p4 i. illutrated ill ftaue 1. 

ftpn 1. !he til t.riIle pzoo... - .ollaatio repnMlltatioa 
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2. 

!he t11 tering prooess oan be transposed in the trequenoy dollain by 
a Fourier transformation, that i., the funotions will be expressed in tera. ot 
their trequenoy distribution. 

, ~oo -jwt 
'!'he input signal beoomes, F (w ) = 2"" / f (t ) edt 

_00 

The output signal beoomesz X (w) = 2'." /+; (t );jwt dt 
-.... 

The weighting tuno~ion will become the frequenoy transfer functionz 

K (w ) = 2'71 I ~ k ( t ) e jw t d t 
-00 

+0<> • t 
with inverse tranaforllu k (t ) = / K (w )e JW dw 

-OQ 

It OaD be shcnm that F (w) xK(w)= X(w) 

whioh i& the equivalent of Equation 1 in the frequenoy domain. 

Sinoe the transtorm of a Dirac i& one, then 
lxK(w)= K(w) 

oorrespond:iJ:lB ~o equation 2 in the frequency domain. Thus the response of a 
tilter to a given funotion .., be oo~ted when the weighting funotion is known. 
This IIq be clone either in the tia. clollain or in the frequency domain. These 

, results are shown in Figure 2. 

Domain 
Transfer 

characteristic 
• 

• - -jwt, 
/ b(t,)e dt,: 1- hK(w): K(w) _. 

Frequency 
AMPLITUDE 

t:=, F(w)x K(w) = X(w) 

F'lqw.ncy tron,f" 'unction 
F(w) 

~ K(W)/ 

I [ '+R [ Fourier transform 

relationship 

/k(t,)~ 
~ WIIQhiin9 or 11m. funCllon 

t(t,) .-
/ f(,)k(t-t;)d,= ,,(t) 

TIme 

Fig. 2 Fi Iter response characteristics 
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It oaa be shown that if the auto-oorrelation of aD input funotion i& 
a Dirao, the oroas-oorrelation between the input and the output yields the 
weighting funotion, i.e., it 

f(t)*f(t)= S(t) 
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then f (t ) • x ( t ) = k (t ) 

+-

whioh .., be written k(t)= I t(T)X(y--t) dT 

Thi. renl t i8 ve-q iaportant and i. the basil for the "Viltro.ei." 
• ethod. It oan be explained intuitively as followi • 

Con8ider aD inP'lt aipal of oon8tant aaplitude, varying l1near17 iA 
frequency, and lasting for leven seoonds. Suoh a signal i8 used in "Vibro.eis". 
1n important property of the aignal i8 that nowhere does it repeat itself. If 
this signal is tranaa1tted into the ground, then at each refleoting surfaoe a 
fraction of the original signal will be refleoted. The signal reoeived at the 
geophones rill be the InmQ.tion of all these reflected 8ignals and ... suoh rill 
be meaningles8 to the seopbysioist. 

If two identical 8ignal8 are inapeoted b7 eye, it will be found 
that the highest degree of ooherenoe will be obtained when the two signale 
are in ooinoidence. Mathematically it i8 done ~ an auto-correlation; 
one .ignal is made to elide ap.inst the other at equal time intervale, and 
for each interval the su.aation of the produots of the oorresponding amplitudes 
i8 made. ObTioualy the eUll rill be a maxi .. when the two 8ignals are in 
ooinoidenoe. 

Bow if a similar prooess is perforaed rith the reflected si8ft&l, 
that is, if the original 8ignal is oross-oorrelated with the received refleoted 
signal, eTery tiae the original signal ooinoide8 with a refleoted event a 
aaxi.wa will appear, corre.poad!ng to a refleotion on the conventional trace, 
and & oonTentional trace will be obtained. Thie "Vibroseis" trace i8 identioal 
with the conventional record and effeotively is the SaM thing. All the seismio 
phenomena are the aaae, the seismio path8 are the same, only the signal. is 
different. 

). SWEEP SIGN1L 

The 8ignals used in "Vibro8eis" are frequenoy modulated signals 
of oonstant aaplitude. They have a duration of seven seoond.. The range 
of frequenoie8 that oan be u8ed variee from 10 o/s to 120 cis, 'but usually 
the signal used hae a frequenoy range of two ootaves. A ohoioe ie available 
of various signale recorded on maater tapes, whioh are used in the field to 
actuate the vibrators b7 radio. The sweep BiBn&l is of the fOrlll 

e (t ) = E sin (we t+ i- fL t}) 

where -T/2<t <T/2, Wc i8 the centre frequenoy, E the amplitude, and fl 
the rate of change of frequenoy. 

It is to be noted that no part of the signal is repeated. 

Under ideal oonditione the anto-oorrelation of the signal 8hould 
yield a Dirac. The aathematical oomputation haa not yet been done to 
determine the theoretioal result of the auto-correlation, 'but the auto­
correlation performed by the oorrelator unit yield a ,wavelet not unlike 
the one described by Bicker (1940). 

In the field the sweep signal to be used is determined b.J 
experimenting under known field oonditions. The frequencies prevalent in 
surface noiee and thOBe attentuated b,y the earth are not utilised. The 
sweep, signal may be used beginning with either the high or the low frequencies, 
but it is found that if the sweep begins with the high frequencies, the 
vibrator settles better in the ground and the harmonic distortion associated 
with low frequencies are, recorded later on the record and do not interfere 
with the signal. 
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4. RECORDING TRUCK 

1'he functions of the recording truck are to send the sweep signal. 
by radio to the Tibrators,and to reoord the seismio signal. 

It is equipped with the following main instruments, a block diagram 
of whioh is shown in Figure 3. 

A frequenoy aodulated radio 

A microtraok two drum magnetic recorder TR 415 

S.S.L. amplifiers type A.A.S. 20 channels 

A control sweep amplifier 

A aonitor 

Radio t,on,mltt., 

I!, To Vibrator. 

Orlglnol 

MicrofrOck 

•••• p 'lC~nal 
Pia, bock ,----------------

AM P 

~ __ ....J ..... R.cord." 

•••• p ,iq"al 

FiO.3 Instn.mtnlS in recording true k 

The microtraok reo order consists of two drums, on each of which 
20 channels can be recorded. The drums rotate independantly at a speed of 13 
seconds per reTolution and are mounted on a single axis. The microtrack heads 
are moveable miniature magnetic heads, recording on tracks one tenth the width 
of the standard one. Direct recording (bias modulation) is used. The heads 
are moved laterally after each reoording until 10 microtracks have been 
recorded. The ten microtracks are then read off by one fixed standard magnetic 
head and the signal. resul Ung froa the compositing of these ten microtracks is 
recorded on the other drum. A second compositing ~ be accomplished in the 
same manner from the seoond drum. Thu8 a single channel resulting from the 
ooapositing of 100 recordings ~ be obtained. In practice ~ number of 
sweeps can be reoorded in groups of ten, and then composited into a single trace. 

The selected master sweep signal i.s read off from the magnetic tape, 
amplified, and sent, on a phase modulated carrier of 27.12 Mc/s, to the vibrators, 
from whioh it is transferred into the ground. At the same time the signal is 
recorded on the field tape where it can be used later in determining the time 
origin of the record. The signals received from the geophones are recorded b.Y 
the aiorotraok heads on tape without A.V.C. or filtering, direct recording being 
used. The gain i8 set so that the reoeived signal is recorded at 100% tape 
modulation. The duration of the sweep signal is seven seoonds, and the dUration 
of the seismic trace is thirteen seconds, yielding, after or08B-correlation, 
about six seconds of information. 
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5. VIBRATOR UNIT 

The vibrator oonaists of a two-wa,y h,ydraulio piston ·that ie driTeJl 
via a valve oontrolled by an eleotrioal signal. The hydraulic energy ia 
provided by a high pressure puap. The actiTe part of the Tibrator is a 2000 
Ib mass, which is driven by the h,ydraulic piston, and which aotiTates b7 
reaction a base plate coupled to the ground. A drawing of the vibrator i8 
shown in Figure 4. 

Mounted on 'ruell 

HyqroultC 
p ... " ... 

.. -_ .. -.e ~_I. __ "I-l1ls-p 1;9"01 

Ground 

AO.4 Vibrator 

The characteristics of the vibrator unit are such that any signal 
received is reproduced by the base plate without distortion and is transmitted 
into the ground. When the sweep signal is received from the instrument truck 
it is demodulated and amplified. The amplified signal drives a torque motor, 
which activates a hydraulic valve. This valve,' which is a mechanical amplifier, 
controls a flow of oil, having a pressure of some 3000 psi, to the main h,ydraulic 
cylinder. Thus the piston and the mass are fully controlled by the hydraulic 
valve and move according to the sweep signal. A generator is mounted on the 
piston and generates a signal according to the motion of the shaft. Part ot 
this signal is sent back to the servo amplifier through a feed-back circuit to 
prevent distortion. A block diagram of the unit is shown in Figure 5. 

The unit is mounted to the rear of a 6 x 6, 1850 Ford Truck. 
The base plate is )'6" x 4'0". When in operation, the rear of the truck is 
jacked up so as to add the weight of the truck to that of the unit. The 
total weight is about six tons. The pressure in the hydraulic circuit is 
some 3000 psi. The difference in pressure across the cylinders is about 
2000 psi. The piston area is 5 sq. in. BO that the total force available is 
5 x 2000 - 10,000 lb. 
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The sweep signal is of the type 

e (t ) = E sin (we t + t J-L t2~ 
where e (t) is in volts and E is the maximum amplitude. The power amplifier 
transforms the voltage into mechanioal force and the expression becomes 

" f (t ) = F sin (w t + t J-L t ~ 
e 

in whioh f (t) is in units of force. 

It is desired to transmit energy into the ground with constant 
average force. From the fundamental expression 

2 
f (t)= m'U 

d t,2 

d2 x 
as m is a constant, the acceleration d t2 will also be a constant. 

The main problem at present 1s coupling the base plate to the 
ground and avoiding the resonant frequency of the vibrator-to-ground system. 
The mathematical theory of the IIVibroseisll is based on the aS8umption that the 
coupling is perfect. However, this is no·t the case; the nature of the 
coupling varies widely with the type of ground, and it is felt that, at 
present, the problem has not been thoroughly studied. High frequencies are 
attenuated by the ground more than the low frequencies. This 1s treated 
empirically in the field by using the first integral of the sweep signal so 
that the amplitudes vary inversely with the frequencies. A test of signal 
transmission has been performed by burying a geophone a few feet below the 
base plate to detect the transmitted signal. Figure 6 shows the reoord on 
which the sweep signal and the transm1 tted signal were recorded. With the 
exception of saturation in the high frequenoies, probably due to the proximity 



OTWAY BASIN 

, 
I 
I 
! 

FIGURE 6 
,";r • , 

, . f . 
) ~ j " 
i' 

I .':{ i, I 

rv~ .. \J~/"V\J~V'v\;\,..... ~.-+o~~~-i1UI 
. I 

I 

II 

G438 - 5 



". 

ot the pophoae to the aource, 1 t Oall 'be aeell that theN 1s a re-.ruble 
oorreapoB4eDOe between the two eipala. '!'he Q1lohrolliaation ot the 
Tibrators ia 800d aDOUst:a for several of thea to be used tosether &D4 the 
reoordings of ~ independent sweeps.., be ooapos1ted prior to oroas­
oorrelation. '!'he cmergy transmitted by the groUDd is very 8aall, 80 that 
it baa beoo.e standard practioe to use several vibrators. Three are 
oonsidered a ainillJUll, but &8 IIIal\Y as twelve have been used. 

6. CORRELATOR UNIT 

The tunction of the correlator unit is to produce conventional 
recorda froa the field ItVibrosei81t record8, froll whioh information cannot 
be directly extracted by the geop~sio1et. This i8 done, as explained 
above, by oroas-oorrelating the sweep signal and the reoeived signal. The 
unit 1s part of a pl~baok centre, from whioh fully corrected electrostylus 
aaplitude reoords and variable-area aeotion8 ~ be produoed. The instruaent8 
are sll&1l and oompaot enough to be installed in a trailer that will operate in 
the field. It is e.sential to prooes8 the reoords in the field in order to 
oontrol, on the spot, the qualit1' of the results. An uncorrelated "Vibrose1s" 
record does not yield any information and does not allow the geophysicist to 
judge its quality. 

. s .... 

-r , 

The plqbaok equipment oonsists of : 

A two drum hgnetio reoorder (similar to the field 
reoorder) w1 th lliorotrack faoili ties 

A correlator unit 

A corrector unit 

A variable-area oros8-section reoorder S.S.L. 
Type VAX 

A translator unit, comprising a pl~baok amplifier 
and a paper reoord osoillograph • 

Co".le'or 

f------- ---- ---
Itollc 0 ••• _Wc """11 fl., 

r" ~----- CClrNCtlo.. ----- ... 

L ________ J t.....-___ ~ ~--------' ...... -..,...9'-.....--1-' 

A_lIt1., 

f- ----- -- - - - ---.... ------4 
'111.,1"0 A.V.C. 

C'O'.-I«ttO" co ..... E l.ct'OIl,,,,. 

Flg.7 Block dloQrom of a ploy- back centre 
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The neep .ipal reoorded oa the tield tape 4.ur1Jlg Tibratioa i. 
auto-oorrelated to 71eld the ti.e orig1a. (It 1fU aeatioaed above that a 
oondition W&8 that the auto-oorrelation ot the aweep .1gDal .ust be a Dirac). 
Then. the operatioa be1nc sequential. all the trace. tro. the tield reoord 
are read. one b7 one in the reproducer dl'Ull. whioh rotate. at a epeed ot 13 
seo per reTolution. The field traces are aaplitied and oross-oorrelated with 
the sweep 8ignal in the oorrelator unit. The oorrelated signal produoed 
by the oorrelating head. is amplitied. aonitored. and reoorded on a aagnetio 
reoorder drum. whioh rotates at a standard speed ot 6.5 seo per reTolutioa. 
D,rnamic and statio oorrectionsare applied during oross-oorrelation b.1 
moTing the oorrelating aagnetio head. which is oontrolled by a servo motor. 
The oorrected tape is pl~ed back sequentially. with azq til tering and 
A.V.C. desired, to produoe an eleotrostylus reoord or a continuous variable­
area cross-seotion. Bias modulation ia used throughout tor reoording on 

.. tape. A bloak-diagram of the plqback centre is shown in Figure 1. 

The correlator unit is oonfidential and no 1D!ormation eonoerning 
its prinoiple or its operation was reTealed during the visit to the S.S.L. 
field party. BoweTer, the prinoiple and speoifioations as described in 
South Afrioa Patent 62/1852 are brietly disouesed below. 

The dimension. ot the unit are Baall, it being about 4 ft long, 
1 tt wide, and 9 in. high. 

Some or its oharacteristios are. 

(a) It perforae oros.-oorrelation between any two giTen 
signal a 

(b) It haa a oorrelating head. (aee Appendix II) whose 
output signal i. 

. T 
x II (t ) = I df(T) bk(T-U d T 

o dT b t 

(c) It has a .emoxy ot 13 eeo. The signal is reoorded on 
a tape in the tora ot an endl.s. loop haTing a speed or 
3.15 1n. per seo. 

(4) It operat •• sequentially_ 

(e) Statio and dyDaaie correotions are made sequentially 
b,. IIOVing the oorrelating head. Statio eorreotions ot 
up to :t 100 a, and ~o oorreotions of up to a 
maxiaua ot 450 a with a maxillWl rate or ohaqe of 360 
as/seo oan be applied. 

The prinoiple ot operation is &8 followe. 

One of the aignals to be cross-correlated (the .weep signal) is 
reproduoed in the fora or a printed oircuit by an etohing process. The 
conduoting material is oopper and the base is fibre-glass, and the soale 
ie suoh that the length will matoh a signal reoorded on tape at a speed 
of 3.15 in. per seoond. The width of the printed signal aatches 
exactly that of the tape. Thi. el8JIent ia oalled. the oorrelating head 
(see Fiaure 8). 

Heada 

FiO.8 Correlotino head 
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'!'he tape, on whioh the tield .1gDal haa been reoorded over the tull width, 
i8 aade to p ... OTer the oorrelatillg head. The IlaBlletio tield or the tape 
induce. a currellt in the oonducting element or the oorrelating head and an 
output aignal. i8 generated at the te1'll1nal. or the oonduotor. It 18 
i.portant to oontrol Tery acourately the speed or the tape to obtain a true 
correlation. In thill operation a sinulloidal signal is matched aeainst a 
signal that i. in variable-d.enl1ty (aagnetio) on the tape, as shown in 
Figure 9. 

FiO·9 Moonetic field recorded on tope 
motched oooin.t recordino heod 

It i. .een that every part ot olle signal lIees all parts or the other. This 
leads UII to thiak that the re8ult 18 bound to be related to a oorrelation. 
Intuitively, it oan be .. en that when a ... ep signal recorded on the tape is 
ooinoident with a sia11ar signal on the oorrelating head, a maximum output 
Tol tage i. obtained, ttda is the aethod used to find the tae break. 
Similarly, when the .weep .igaal is ooinoident with a refleoted signal 
on the tield record a aaxiaua i8 obtained. 

The Patent Ipecifioation states that the output voltage of the 
oorrelating head repreaent. the oro •• -oorrelation ot the fir.t dirferentialll 
of the two signals. The aatheaatioal relation i. derived in Appendix I. 
'!'he tinal .eiaaio signal i. obtained tro. the seoond integral of the output 
aignal of the oorrelator. The validity ot this operation is deaonatrated in 
Appendix II. 

E 

. ,/ 
TAPE 

FiO·IO Cut-away view of correlator unit 

o (J 

c a 
B a 

A out-awq view of the oorrelator unit ill .hown in Figure 10. 
The tape ill lID endlesll loop ill drive by the d.rwI .1 past an erasing head B, 
a reoording head C for 'recording the field signal, a reading head D for 
son! to ring, u4 the oorrelating head E. 

The speoifioationa olais that it i8 an easy .. tter to engrave 
the printed oircuit on the oorrelating head. Of course a correlating head 
must be available for each type ot .. eep signal used. 

Fil tering of oertain frequenoies can be perforsed by putting a 
ll88Detio shield on the printed oiroui t oovering the frequenoie. to be 
filtered out. These frequencie. will not oontribute to the oross­
oorrelation and will not be present in the output. 
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7. PIELD OPllAfIOIS 

Two .. thod. ot tield operation. are poaaible - the in-line aethod 
and the transposed aethod. 

!he in-Ii.Ae .. thod oorre.pond. to the usual spread ill oOJn'otioBal 
s8isllio operation.. !he lae is laid ri th groups of geophones plaoed at 
predetermined 100 at ioJUJ , each looatioll oorrespondi~ to a eeismic trac8. 
vibrators are placed where the shot-point would be {see Fieure 11). 

!he 

In the transposed method, the geophones are grouped in two nesta, 
one on each end of the line, and the vibrators operate along the line where 
the geophone stations would normally be. The advantages ot thi8 aethod are 
that large numbers of geophones oan be used in eaoh nest and extensive 
ooapositing of large Ilumbers of independent rq paths as-y be done. Figure 
12 shows an example of. the transposed .ethod similar to the one used b.7 the 
party in the Carnarvon Buin 4ur1D.g the author' e visit. The geophones were 
nested in groupe of 400 on each end of the li~e. Three vibrators were u.ed 
ai.ultaneously at eaoh vibration poSition, and vibrations were made at each 
of the positions from 1 to 19. The reoorded signals froa positions 1 to 10 
were oomposited into trace 1, the recorded signals from psoition8 2 to 11 were 
composited into trace 2, eto. up to trace 10. 

Both methods allow the use of large geophone and/or vibrator 
patterne for cancellation of coherent noise and the use of compositing of 
a great number of independent rq-paths. The transposed method is 
extremely flexible in operation, and with it a great DUmber of coabinations 
or cOllpositingarrangements may readily be used. 

The "Vibroseis" has a tendency to cancel random noise. However, 
all other noise that originates froa the souroe, such as surface waves, 
multiples, etc., will exist and be detected exaotly as in the oonventional 
method. For this reason similar techniques can be used to improve the 
quality of the desired signal, as shown by the tollowing examples. 

1. Noise spreads are reoorded as a normal testing procedure 
to determine the nature of the noise and the best filters 
to adopt. Good noise spreads, having the same aspect as 
those obtained by conventional explosion methods, may be 
obtaiaed with the "Vibroseis". This follows from the facts 
that all the r~ paths and the nature of the coherent noise 
are the aame for both methods. However, the results of a 
conventional explosion noise spread oould not be used to 
determine the opti.ua "Vibroseis" pattern because the 
source is oin one case on the surface and in the other CaBe 
in the ground, and different noise ie generated. Further, 
the freqUenOy spectrwa of the explosion is not the same ... 
the trequency spectrwa of the sweep signal. 

2. Geophone and eource patterns are designed from an analysie 
of the noise spread to elia1nate the coherent noise. 

3. Offset of the source troa the geophones is made so that the 
surface noise will arrive much later than the signal and rill 
not interfere rith it. 

4. Compositing or mixing, as explained above, is done to improve 
the signal-to-noise ratio. 

5. Common depth point reflection methods are used, employing the 
same prinoiple as used in conventional seismic work. The 
object is to obtain a common reflection point with several 
seismic paths and composite th~m into one trace. 
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6. Brtuded apread. are uaed 1Jl the aUle lI&IUler &8 for 
oonventional seismio work and serTe the same purposes, 
i.e. the detection of multiple reflections and the 
determination of seiamic velocities. 

There i. no information on the "Vibroseis" recorda, from which 
the oalculation of surface oorrection. can be made. If oorreotions are not 
available froll another souroe (preTious conventional surTey for instanoe), 
special aeasur8118nt. IlUBt be 118.4e. The "Tibroseia" method oan be adapted 
quite easily to make small-scale refraction recordings, from whioh the 
oorreotiona can be computed. This, howeTer, will cause sOlle loss in 
operation tille. The surface oorrections, after haTing been computed, are 
applied to each trace during croas-oorrelation. Corrections should be 
applied to each sweep before oompositing, but for obvious reasons this 
oanaot be done in the field. S1Jloe all the data are erased atter compositing 
1Jl the recording truok, thes. corrections cannot be applied at a later stage. 
For this reason, all the aweeps that are to be cOllposited in one trace should 
be recorded where surface condi tiona do not seriously ohange and where there 
are no serious difference. in surface eleTations. 

8. CODElI'l'S 

Little inro~tion ia aTailable at present to make a comparison 
with other methods. The economo upect oannot be disoussed yet; it is 
eTident that certain factors, suoh as drilling, will influenoe greatly the 
coaparativeoosta of thia aethod and the oonventional one. In the Carnarvon 
Baain, for instance, drilling was the determining factor in selecting the 
"Vibrosei.". The teohnioal performances of the "Vibrose1a" under various 
conditions CaDDOt be oompared yet with other techniques. Opinions of 
geophysioists differ greatly .. to the relatiTe mertia of this method. The 
prospectiTe BUrTeIs in the Sydney and Otwq Basins w111 test its perfol.'1llance 
under various oonditions, including ver.1 hard 8Urtaces (volcanios and 
sandstones) and ver.1 loose surfacea (aand dunea). The results should show 
some of the possibilities of the aethod. It is felt that its potentialities 
have not yet been exploited because of lack of experienoe, lack of opportunities 
to carry out testing, and lack of deTelopment. The most iaportant problell8, 
i.e. orosa-oorrelation 1Jl the field and dependable operation of the vibrators, 
haTe been aolved. It wae thought at first that penetration would be a major 
diffioulty; energy returns are very weak, but heaV1 oOllposiUng seems to 
bring the signal to a sufficient level for ~ depth desired. 

Soae of the adTut&89S and disadvantages of the method are listed 
below. 

DisadYaDtageS 

1. "Vibroseis" refleotion records do not yield data on weathering 
oonditions, these must be obtained by a speoial effort or from 
other souroes. 

2. The vibrators oannot operate on oertain surfaces, such as 
marshes, soft soils, steep slopes, etc. 

3. In built-up areas care aust be exercised with respect to 
pipes, sewers, mains, foundations, eto. 

4. Correlator and plqback centre IlUst be in the field. 

5. Signal. is imparted to the ground on the surface. 

6. Signal is very weak and heavy compositing is neceseary. 
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.ldvantye. 

1. A "oontrolled" signal, which a&1 be pre-seleoted to eu1t 
oertain oonditions, i. used. 

2. This aethod i8 1I0re effioient beoall8. only the required. 
frequencies are tranaaitted to the groundJ DO energy i8 
wasted on the transa1ssion of ineffective frequencies. 

3. Random noise i8 filtered out. 

4. Ho drilling and no shooting required. 

5. Great flexibility of operation. 

6. SurTeya JDq be oonducted in popW.ated areas, where the 
background noise is high, or in places where dynamite or 
weigbt dropping oannot be ueed. 

7. Large-soale cOllpositing e&8i11 obtainable. 
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APPElIDIX I 

Output of the correlator head 

by 

C. Chenon 

The magnetic tape on which the field signal i8 recorded moves 
across the correlating head with a oonstant velocity. This signal ma1 be 
considered &8 & function of time k (t) with res~ect to any fixed point. 
The magnetic tape furnishes a ma~etic field H tt), the intensity ot which 
1s directly proportional to k (t). Consider aD element of the conductor 
representing the function t (T), of length dS. The function H (t) movee 
across dS in the direction of the T axie. Let H (T -t) be the value of 
the function H (t) at a time T. The value of the induced electromotiTe 
force de (t) will be 

which may be written 

de (t ) = b H ( T - t)d S 
bt 

de (t )= bH~:- t) ds cos ct 

a being the angle between the direction of the field and normal to the 
conductor. But the direotion of the field is the same &8 that of the 
axis so that 

and 

d S cos cr = df (z ) 

de(t) = bH(,-t) dt(T} 
bt 

The summation of all the electromotive forces de (t) for all the 
values of T along the function f (T), between the 11m! ts 0 and T will be : 

T 
e(t)= I bH{-c-t) df(,) dT 

o 0 t dT 
This expression shows that the induced electromotive· force, measured at the 
poles of conductor f (t) is equal to the cross-correlation of the first 
differential of the field H (t) by the first differential of the function 
f (t); it may be written 

T 
e{t ) = I bk(T-t) df(T) dT 

o ot d T 
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APPENDIX II 

Integration or the output of the correlator unit 

by 

C. Chenon 

Consider the function 

T 
x (t ) = / f ( r ) k (r - t) dr 

o 
Differentiating with respect to t, 

Xl (t)= IT f(r) bk(r-t) dr 
o ot 

But, &s k (r -t) is symmetrical with respect to t and r , 

_ ok(r- t) 

ot 
= 

ok (r-t) 

or 

so that 
T 

x' (t ) = - / f( r) Ok(r- t) dr 
o Or 

} b [f( dk(r- t)] dr = J df( r) k (r-t) dr + }f(r) ok (r-t) dr 
o 0 r 0 dr 0 br 

But 

The left hand aide becomes 
T 

[f(r)k (r-t) ] 
o 

But f( -co) = 0 
and t( r) = 0 

(beginning of printed circuit) 
(end of printed circuit) 

T 

Therefore 
T 

&J:1d ' 

[ f( r ) k
O 

(r - t) ] = 0 
o 

IT dt(r) k(r-t) dr= - Jf(or) ok(r-t)dr 
o dr 0 br 

so that 
T 

x' (t) = / df(r) k(r-t) dr 
o dr 

Differentiating with respect to t, 

x"(t ) = IT df (r) ok(r-t) dr 
o dr ot 

This shows that the correlation between the first differential of 
f (t) and the first differential of k (t) is equal to the second derivative 
of x (t), when x (t) is the cross-correlation between f (t) and k (t) • 
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