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i s.a diadr arg-:%ubwaw sprﬁ@ha md aut.o- corr’e‘ll Y'oh fun ions:
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uBB8HTs the puls
11 ust r atietigd LTAD SOwa s B TRl Poter puop ,ml fes "gﬁgﬁf how t he
fre uenc for idevelapingepr uiraenshsalmiuhé neid s $ ol BWhie var i ed by neans
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a1 -
?ﬁ ;Zr gs. mtﬂﬁblaﬂ&e?(i gﬁ? esa lfch o hé ‘q’ﬁé pizp i ﬁtﬁs t?ler)\gnr S
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sefem c
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and cab eq,%” PER {?b aditforal, A gy dir- aul caIIy
dri ven_ rtesecnlmeBW@h@rard:ﬁmaﬁdd éh’ d Bell 14, ‘%g Na%l ﬁ% % abs e,

_ nd swivel mount similar to the mount 44, and have shafts with slotted en
65 . r;:embers 48 which contact pins on the base plate 30 to provide symmetncgffgang:;
_ thereon. This supplemental bias, by means of the cylinders 46, serves. to help 65



pul se generator 16; A framework 18 mounted on the bed 14 by neans of
fl anges 20 supports the pul se generator 16. A hydraulic power supply 22 is

al so nounted on the bed 14. This r supply contains a suitable hydraul i\(_:_/
DUMI opi ng pressurized hydraulic fluid,
su raulic oil, which is 40 supplied'to and recet ved fromthe '

pul se generator 16 t hrough hoses 24 and 25. 40 Other hoses 26 connec}, t he
power supply 22 :to the_pque generator apparat us : “N t he

‘ : A OT" ometrhe engi e~ |
n s%mcmna i ch” mayw, J M

4 9“*‘ &b thercyli
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to the top of. the h’mn?\‘lm
cyI i'nder 324t0 t: atekm%é‘ |“adue
wth a saddl e 389h\a¥
hydr aul | c cyli ndé e

16. When the pul & gma R . "
sl opi'ng. uppqé suréaweh_. 55 : v & owet S . Ve O er ....
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si gnal -.trans#g-ssi on_,,."thﬁ ogﬁdkby Eg u 6':E and ‘i.
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ner at or
ety he

force applied by.
b|as force applled

thereon which is sifagb @iidﬁqw‘ﬁﬁft pl e (for exapmibend /28000 Ranmertd e
average-foree of - tiigne _'.s,a;r:_,_ '_je._hmg-:-mesfomm&*? &‘%swe:b?r;i 820 é% J{‘n R
average forces s |nd| G AR ?‘b %s s b| as _ 25 o

around the baszs pI at
a shock absorber aniﬁ

to provi de syrmetrl cal f Peln
means of ‘the cy0i nde\% :
1,579, 84
conti nuou

t he resonant frequencyurposs Gfetd
assenbly 28 and the sbreﬂ?tfﬁsﬁtg
force pul se spectrum d‘ﬂj‘g’
especi al | y wher é8® he foblV ol
sufficient to enable i nt *l"'eecé‘ Tprnpd o
to be maintained. The MPAEH m&mﬂo %‘;‘ﬁ, g
by signals generated b :g@mméﬂ %

hmm@ hi Q@ﬁmt (»Qad
| e%g\ flea anof th the
8

hesbm‘e mng '- 45
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control signal geferat wh;shéﬁ ke tpk " 50
50(see Fig.2) by way ofborﬁsé@lﬁ, antat_f_\m. Co
control valve and. powerf _
descri bed herei naf.ter i%ﬁmndehﬂ‘ _

. §5

el ot 802
generator in the Ab 10|mmytﬁ9(%?{g‘§iyse§fgk ﬁt‘?g{ﬁa S
recei ver coupled by wayf ‘:‘g@eaﬁy h@%zg‘g ea;m%t lg?{'ﬁa
way, a plurality of  mobi}SErinafbenat %!ﬁéﬁ dtf@t é(fléﬂi]t “:\"’ bF‘
synchronism all b $ng fontsnmh“eﬁf X tahess‘:t“%%e "gﬁ;gfgxnmd&fh‘” #s

provi des master control: era,d,;gofﬂl on‘cop‘é;‘%? %ﬁ ';?‘?'6(“
and its associ ated appar at W et t@rsem allmail g& f&&b\e
has a stepbore 58 in whi - riecb

N 8 18005 t\ﬁxeﬁ masabﬂ?"l" it sigdand 1y
of the housing 56. .The. h: Ehe B‘H‘vjﬁ pat'y.l_néﬁ‘ﬁ ﬁh ‘g’fﬁ:}% .
produce an i npact event dudRp 115D\ &,{d&mﬁl&“‘? ﬂ“omnaﬁn h&hwa.s' g
i npact event the force .pl° ogegegeﬂér rﬁiﬁ éwgo‘aﬁeb‘? S

portion 62. It also has eg e dbe n o M2 S Slide in beari ng
sections 68 and 70.- 6heseabm¢ﬂ§‘fd‘a ctions 68 and 70 are on opposite sides
of a cavity 72 forne by the step bore 58. This caV|ty I s divded by



the piston 62 into two parts 74 and 76 on opposite sides of the piston 62.
Pressurized hydraulic fluid is fed into the cavities 74 and 76 fromthe
control unit 50 which is connected therete—wiaports 78 and 80. The
“pressure in the cavitiies 74 and 76 i's sw tched bet ween supply and return by

\/heans of valves in the unit 50 to effectuate the cyclical novenent

escrllatron of "t he hammer 60. The tinme history of the notion of 't \QANTer
-60 inyrelation to the electrical signhals which-eent.rol thi s,harrme i on
and the—resuktani—tarce pul ses at,é7918I41 ustrated herei nafter in Fig '25. This
nmotion hi sdnsqu;sed gboné meﬁahmeaﬂ.tﬁé &b ggg . 10 (FD TS e _
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that the thRpiedrtodhe tming| sigﬁﬂrﬁeﬁﬁrat ]“ p and 26 undergoes
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" desirable for use in sel'smc e

the tines
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Nﬁg usm €so as to limt
he cap%s 91"{,1'?93 Y] be gﬁ?ﬂﬂ si eSdo@mcro%” ' 14 i on f the
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Utg préovi detedacs e tﬁi&ﬁﬁwﬁ ' r?éFﬁ? aeomcma base plate
: assggrbl ym mp cyl rleeer e.%géf l?gla: L ggép The control
uni & 50 gy gg learamon smmm il Qe f;rug the Pydr aulic
power supplsg/geggra(o'ﬁ! ﬁ%@ctt ei?g Qtléqmcrnwhanfthet he f exi bl e
le

hoses 24¢€ e@gu esrarals lmsldtﬂn k fﬂ@sef g"g"ﬁé%ﬁm\l' ators 108 and

11044 e - (‘fvi' Q;lsmhé6 suhhngp éJEd’lln d 106
r espect [ uﬁ}n}se,fpé ‘@f hedTm@C@Mm gltherholtsmﬁ nd ezsernees aggel ectri cal

i hput  si.gnminuinneghid JQ‘BE é&"rﬁf‘?ccomg ru eﬁlfefator 112 which is

.part of" C‘P‘Ntl#‘tﬁpll nﬂre%md’ ovHivlusih $60¢he uppe endo im t
1, 5gs O 84 335‘3 1 rllgrtllfg withthe bottom of the hammer when the conica insgiafb'isug%ﬁsabove as being
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the valv ram amping theétiber N32( skl rﬁtg r I Iatron of the
" hanmer lzl@g BAGH lenetnther mpmuxanscme y’nEﬂ i tude (energy)
-of g‘ohe ¥ é'}h%ﬁ on #tmhedat hém&atoeh 3inp redeterm ned. The
repetit. nmpuEe events Iy Ej‘; F%w% tbapb-a 88y Thax ner nal sg nput

.signal s ‘{fEhﬂor@ndllspERR] V\:hl Th are t BermAktetmipation si gnal gener at or
112. The_si Agider _ nelagoraolbmipslse ergsﬁ,aial ml-gyhntmmhtmn gcurrence of the
g %Ya%%' venttﬂ_ Fai frpqn Umﬂyllﬁontthebégé)rCe pul ses. The
si gnal - [.ment&rauﬂpseée_féﬁﬁuh?ﬁc requig/ e of tdse force

pul ses. "ayan@appximatioy bD mdammﬁam Fﬁﬁ fl'ﬁ uﬂdgﬁ J‘Cy Of the eR

~ pul ses, gjﬁé‘; ?f)amphtu‘%oT’@ﬁee tgb'seectr extouldi tbrm el vREJUSH i ed "while

idth - e
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15 The ti-m ng signal generator 112 may al so i ncl ude, as may be observed
from Fig. 24, a paraneter generator whigh' .receives informtion respecting
the various paraneters affecting the osci IIatio_n cycle of the hamrer 60 in
t he pul se generator 16. These paraneters are the displacenent of the hanmer
[ ERR] and the supply and



20 return pressures [ERR] and [ERR]. The pressures are obtained from

pressure sensor 20 transducers 114 and 116 attached to the supply and

return lines 104 and 106. A displacement—-sensor 118 is nounted in the bore

58, above the upper end 64 of the hammer 60. This di spl acement sensor is

suitably a differential transformer consisting of a coil 120 and a: magnet

122. The Egﬁnet 122 is attached to the upper 25 -end 64 of the plston 60
{

such t hat e signal fromthe coil -120 which is.inputted to 25 t he
par anet er ner at or of the t| m ng si gnal quas.ulat or _1.12 |
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spring. This process would be 55 lne&*%u‘eg'r‘t‘%ur poses of: geophysr cal
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inefficient. It .is aﬁmbatrgns if Jne
gener at ed upon the oce Eﬁﬂa Eeen

energy in a spec® um u? NETs & e adntmhetoaén PB" %{ﬁﬂ&%
Referring m)re partic afstyertpc::rﬁ lsmven mné‘ 5 e oy the
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[ ERR] The appr oxi” 22U vaI ent circuit of . bf RO G5 Iofmumbastppnmg
is illustrated in F| g SItm&&M@fgh lﬂfﬁ%@ ﬁgﬁ%ﬂ%ﬁme&morgsﬂm e used 10
represent- the hydraul ite "ﬂi“?l‘?/t rﬁﬁgﬁéttrﬁﬁhwmgtdtrhm sm

doubl e pol e switch 146LaMy Mhoﬁéuiea\m mgrammsnpmmemﬁ%‘s(% rosetsr T
position 146a, t° free vel ocity [ERR] is 10 built up in the hanmer
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load circuit. The load circuit is constituted approximately by the

paral l el conbination of the stiffness 156 of the |iquidinpact spring, K,

with the base plate 15 150 repr

_plate assenbly 28. The ground presents a stiffness 152 and a resi stance 154

. to the base-plate 30. This stiffness is indicated as being [ERR] am the

resistancé is [ERR] Consi der that the mass of the. hamer [LERR] huch

~ larger than the nmass of the receiver piston [[ERR] such that the Tatter nass

can_e neglected. Al so the mass Ig7984e. 20 base plate assenbly PERR] is

assumed gp&atdehe in\@lerith Redpths bk ptatéellgham nt, ey 0 Relfuce | the 20 the -

-4 nitial raspendessed thedin, amiad aeoid impedingttenrah enﬂ'\nhethldsw dbpgyite pl aced in

~_gosi ti on gm h.The 9tspms eﬂeglinalc gnpewidpiie 'alpeam&st ERR] keeps the
Pase ol at rfgrrﬁ e Ry of (i e

(S transfs§35 He

&Etﬂliuﬂh’mloﬁt ilCiheSp“ ng, with a
force bui tadmmg arshaping bfethbanmlqglmthetnm. whichais ecammpbsﬂled gsigg fhencti on of the

hanmer aﬁ!niﬁ"!’{?e ‘gtﬂ’g&tﬂ“’s trgnsfee-and: I‘?ﬁbcﬁaléé“ﬂ:i'ﬁtﬁld&!"‘é"dt hen begins:to
rmvenoforW%m fb the B "5@ .gﬁi“l‘ habatial o | TPAFL. SPTing
to the ogdma eene:aws dbkai W kife ttséaneh Qﬂlp@ﬁﬁ‘;}h‘i’nﬁ I's a function of the
circuit par amumowmwn tammasarmmelun gerpptiglizationof equations (1),

(2) and ( t sf" Pﬂ)dul us, [ERR] is
Poi sgon’ Sggr a;%rcburp%l@e oF g z%iv g&ra&ﬁrs T@reqﬁqg {ﬁ@e viggnity of

t he base paisabme mdss, M,, be 2400 Mnﬂd‘lwhlhﬁ tnzm:as&@ativ@&ﬂh&ﬂ‘ytxbﬂvélumt of its stroke
in the do density, me%’!l@#rdnodums&ﬁméri’gysqns ratiop ueof] therparth ereigivgact spring [ERR],
in the sp ?ﬂ‘?j rate [ERR] of the earth, ‘and ‘in any reS|duaI Ki netic energy
of the base plate.assenbly 28(;—_'l§bmbgﬁ,ored energy. wi Ll in part, be .
trar®f erred back t.0 t-he hamer=80x10cdbginhg it .to rebound and, be part, be
di ssipated-in:the |oad. Appro%t‘r’r@tely t he rebound-.energy is the di fference

40 between t a s i RsRafe at € syst em and
t he ener gyresg%%%ifgﬁg%tﬁ% aﬁ%&% fr'&t E& soad 1s made up of - a

radi ation resistance :[ERR]. t ¢ te izn Equati-on (3) and a local

~ danpisng resistance’[ ERR] . "%‘: b%% w of this inve jon to agcept and
use the.rebound energy . such draulic drive" sgstemfor he hamrer

- 60 need. nakéonsideqoﬁhemmthyreomdgppbnrmequncyofarmlyas dyisl763%. Atthts was transnitted

to the | offeyermRtheciffagserogetance of) thei arpnadtis 45 Equation (3) shows that

- the-radiation resistance [ERR]TH- ion.of JERR|‘is’ proportlonal to the;area
- of the base. plate 30. _rﬁgalbosegfn [ERR] to [(5RR] increases Wlth
i ncreasi.ng base. pl ate: radr us. |I®rder to increase the portion of - -

di ssi pated-energy that: appears as-radi-ation relative to-that, that appears

as | ocal 5l the maﬁk&ﬁ’iﬂtﬂ@e ofﬂ\elbﬁsegﬂﬂelisal ly desirable that the base pl ate. 30

have a |l arge cross sectional 50 It is a feature of this invention, which

ari ses out:of- the use of the i.npa40..spring, to enable the base plate to

have3Guch | arge’ cross XeatMemdn7Base- #1930 bseelged | n accdflance wi h the,

prior i rrpact producing techni que§ tHave generally been small conpared to
those used. i-mn-ichA@hiBF ¥ ﬁltgagtoug&‘%rsﬁh&rﬁeé&mshtes\ftnkf @RSirSlng This has 55

stiffiess’ reactance or the base plate mass reacfan n v1cm1ty of f;, it is

9
9 b d to,sipplify theieguipal Mtré thrat ll t her eby t.
redeeg th) ‘ﬁ'nggvégygﬁ“é @gn ﬁ&“ﬁ‘ﬂ“géh Wea ng“f the t(raaﬁstyeroof

the%gl ow " ene'rmycérﬂact deratiad, tTh, is ARodiRAGt ST | ng provr ded in accdbfdance: with
the invention-absorbs.the bl owforce a]nd di strrbutes thi's force over the
base pl ate. 28 wi't hout giypj ng_r_Lse R apped striesses- and ot her -

del et erious etfects which m g caus Mp ge to the 5lHase plate and/or
the hamrer. The tenporal. d| strrbutlon of the force (viz. the tailoring or
shapi ng of - the-:inpul se: vvrth rre whrch |s acconp Irshed usi ng the inpact
spring) o ;;m #@et’ﬁé‘.'ﬁéﬁﬁ Nyl ﬁ@:fom @Eﬂm » Vithy ‘§ B4 he desired:
analggsi s GRRHiOF dh mdAmpr hQﬂ e i ofb tHd 45 %d’.ﬁﬁ?’t‘a"t tteggis

- ncreasedbee’bﬁnes posxtﬁramaga-dto base plate andt hanmer. .t s avol ded, and

efficient, ﬁﬁ elfelnusetd forgs vu!_se ﬁereantmdmen snestrmtsaihmed t hr ough t he

use o Tkttt i e e R Bt o - angeten

pr ov4sdes ﬂj‘m | on ener gy tran or Wt dedi red qgnal ysis
bandw dt h. Take the band Wi dt h to be.a band of frequencr es extendl ng froma
| ow frequency of [ERR] to a high frequency of [ERR]. - For

- purposes of exanple, let the base plate 28 radi us,"[ERR], be.two feet and
the 15 base plate mass, [ERR], be 2400 pounds, which is a conservative
val ue. Typical values of the density, [ERR], shear nodulus, G and

Poi sson's ratio, [ERR] of the earth are given



bel ow. [ERR] 20
20 Using these val ues and Equati ons (2) and (3), the stiffness and
resi stance presented hy the greurd—to—the 4 foot. dianeter baseplate are 25—

[ ERR] (4) . 25 Consider the case where the upper >
frequency of analysis, [ERR] is 75 Hz. At this frequency, the stiffpess T
react ance the ground is [ERR] and the nmass reactance of .the base’ pl ate

is 30 : [ERR] : oo R (6) . 30 In

the vicinity of [ERR] the ground resi stamswmedom nates_over.ihe grouadl®

stiffness reaces dLe massr actance. .In the vrcrnrty of

[ERR], it is possr ble, therefore, E—? §,t he .equi val ent circuit of
} val

B

Fig. 5to that illustrated in Flg Rjdurlngthe cont act Bquratron it
of the hamer mass [ERR]: with the’ |rrpact 35 sprr ng Thi s con(t act . :
duration, [ERR], is approxj.mately _05 [ Kg ... .35 [ERR} .
wher e [ERR] IS the paral | el ..resonant g e ed}ﬂ of the ham"rer mass [ERR] - »
with the inpact spri ng: stlffness [ r §u]etf¢regpm§arce
pul se will be approxi: nim f re cl)r::l::; "ﬁn ﬁﬁﬂi%ﬁg"méﬁpcm,t :
hamrer |ifti nginoff tm'ga ﬁé, 3{ Sty | ce‘ﬁ? trves .
upwar d. For al f - ;jﬁmaethpmbmfrp ﬂ@cﬂf <A m}) .Ql‘-'-' §,° YheupBéit r Um- _
is that illustrat edtHn tatld!redmficelt MAEILY 91 gﬁ%ﬂ St T (He)samé tme]., for
whi ch t-he spectral ’F_:[giﬂ)fe 1'??'& Efj mﬁém:ﬁdnandhx&enlmcpmmg T
frequency- asyq@t ote E}E ¥ nmtlefb adequate’ signal energy transmission.. - - 10 .
ses to thellé A i by the condition that the :

45 10 _ - The lower frequency f, of the_analygishand ciated with -

10 [ERR] It iy stiftnesioeetp se’éthﬁﬂg’““%)"’ﬂt g °’ﬁ8?‘§{§ﬁ?ﬁm§8%as§ the energy
in the force pul se: |"%dv\2['§§% 'E ﬂ:ehhﬂmi‘ﬂ@ﬂtianay (Breamdddbel ow [ERR]. Thus
the frequency [ ERR| ,'.-._|nt|mate tied to |rrpact spring - - -
stiffness-hanmmer mass ratio,-can be eg e_é_lo t-he 5 frequency, [ERR]
which is the l}Bper frequency of. the anainysks band. The foree. pul se’is thus

tailored to place the naj orrty of .the energy of the |rrpact bl ow-bel owthe
upper frequency of the analysis bandf | eadiéng GQ‘/ﬁnlfjjﬁl ci ent prod®ss.
the sanme. ‘tinme, the broadened force. pul e Beduces stresses |n t he ham"rer

and base'pl ate, confining to - such stresses to-t e, {Hzrﬁ[é for'
adequat e si gnal energy. manﬁninssxmle.betw%al', §’ Qcy Jpo{;é Uk I

ﬁf !'ifothe
|_ 3

..t_--.:.h’%ﬂgé g séeCsindecthy

anal ysi s. band. i s set. erhygytshevtmmdﬂs? <ol . 8lo

ground besins 19 oxcEm L e LTSl wmnin d s
Appr oxi mat-ely; #t hen Lmi’é“ 4 W .eﬁé’c)ngf(eg‘]le e defiipiti it L
[ERR] . the lowest tepet\tlon frequency force pulse, geappnce as vl bp Cosch S exarrpl e,
bet ween appr oxi mat el ;zer[a = 121Hz ’lg \LE!BBLesm?e'ﬁt ﬁuddaﬁcyeﬂdregysesqddetmﬂéﬁm is,,
essentlaInyIat W t ﬁ, e|ngthe-3 dB pornts “Usef ul.” ener

bel ow [ ERR] maf exi st"' ver “for expl oration pu since-the slope . .
of 20 transmtted energy fall -off esty, - -m nm 386t dnuat i on of energy
within the = - 20 groumpgl=r-e uc-_W'?' ' #W - Treqyency. A{mdre
definitive limtation on [E n%@ : r"epetltrdnfrequency of a .-
force pul se sequence as w-ll be descri bed. herel et er- Fdr -t he- exanpi e .
gi ven above, the resonant frequency of the base pI ate’ rrass] 25 S With the -
ground stiffness is-. band. However, at. this. frequency S -
[ERR] which falls wi t"fW"r‘Pn{fE% ﬁﬂ@&éﬁs ;?éﬁts' an &tlby I9|ovvvever cat. this ...
frequency the resonarf Sogs Phe seri es Ioad circuit is giwen by ['ERR] 30 _
For this case, then, the resonant |oad rs».Mbgth danped and its inherent .

30 resonant character. can be ignored. Selection of appfopriate val ues.
for the hammer mass [ERR] and inpact. spring stiffness K wll resulll) in a-
par al | el resonant CI rCUI t . . T 2xxx56%2400 .
e 0 —=022.
10000x386 S
. its mherent o300
SRR For thls ol then. the resodna'tll'gtéos?e({e::ilgnghlfyag:%‘:)ﬁlataensalues forthe - -~ -~

onant: character can be ignore
{leasmmer mass MH and 1mpact sprmg stlffness K, wi

o cn'cu:t

ll result in a parallel resonant




varlatlons wilT, however, "have 5 ~little, if any, effect upon.

. _where t hetht G PuBE)Qhd

[ ERR] 11 1,579, 841
1 for the circuit of Fig. 5A having values generally in excess of 2[ERR].
Wth such val ues the assunmed hal f-si nusoi-d—eharaeter—of—the force pulse can
be achi eved. The values for the ground paraneters used above are typical,
\osyet subject to substantial variation fromlocation to |ocation. T@

upper
“fréquency, [ERR] which is largely deternined-by-fERR] 5 and.[ER ey

- may, However have nofe ef fect uhimsthe | ower freque‘ncy, [ERR] . jfFrom

_Equation e “eXt ensi su S—amawi dth to
Tover fregﬁfﬁ%ﬁ‘}éﬁﬁﬁg}: eﬁfﬁpm&%é}hﬁ £5ul f?aﬁ%&g‘ﬁ' Slugt e desirably
AdSed. The spdbe ralweslfenth gin(id premedts Whediabo lage ty cAlSye%&H?&E td onal to the

ti mesdur atfﬂpﬁ‘“@l 4] variation 6?“111%@" Ptveat I'Elelrv ns mﬂ.dmhrh&r,p)eed( val ue of this
force pul 9gd k’lr:'ﬁlm gb‘#’ﬁeﬂl ] 0‘ ?é rMu npul $e event

. [ERR] is mmqmnt(g)pmahn b@séefi@h o0 e duration of
the force !Gﬁu diﬁred base plateFoﬂjunge Imlurs caﬂdsial usps as set forth in

Equapi ons "ﬁ ortiopel tg the timedemimgy of the
i npul se e\(/’fent fogg‘ '*F% 3?1 fhﬁrﬂ"alfl\)‘ﬁhfe t %ﬁﬁ"a”t‘ﬁecfn Srecifisalyed,  t héOspect rum
level. Wi Il reduce by a factor Eth)z(F,gr)zby 3dB. ‘This is lghown in Fig. 6,
where for- th aIf ‘pul se W|dth cas€, 1ERR]7 2, t he. spectral wi dt h has

~ doubl ed aMcf ‘g‘grmpt %};Znh(%sls Hgﬂpg@gnalmme square offthe;peak shows t he
spectrum: resultl ng he rep Seated application of the force ‘20 pul ses at
" -a constant.: repetltlon frequencyE,[:ER?t],) The period or t{Bg i nterval [ ERR]

- betwgen forcg u e Fi then e uaI for t-he- entlre force pul se
trai n | NedaeiRt Q_ %ﬂ&fﬁ@fﬁ gm‘gt% )lt'o"af.‘ Seenit of f 19 r equency
[ERR]- as ﬂia@mtrum gwmﬁedut SfAeroF bWt .sliﬁ)é”r'.r‘:i dg.series of line

' corrponent!! sewldthsasanm {tEI?ﬁ]ctrﬁledth haﬁdhdxb[éﬂ dﬂﬁd to an envel ope

as sfpown pﬁc%v%@ ct % s deter pape of - 25 the individual

o 2o e B D i S eSS Sl Bet runddf the -

sequence fyi‘cefnnlscse(swjhg.et) B\tEe’htdﬁual E%rrthaerg.wﬁfbe@agg @¥in gg;teddrgpgl e, the lin

level s foF°“F'E IS SRectyam |° ngcto thy euteff frpmuendydjiasl shown lnh'&g lﬁemet i tion

fr ecqugencypng %¢ nts WaF?q " the case
and #rgé){g J e%@%?%%%&%ﬂ 1s<te %‘%he r%ﬁpet | tion
frEQU@n?ﬁﬁ f@.th@wds edthe. case il |l ustrat ed ash li.ne.
&8,

Issstheding |

_envel OPE: LS t}ﬁ{e repet gxs&s qvfln&‘tlé!]%vetuhvmmml;esemel ope where the
repepi ti Offic! cﬁﬁ elg is ftht’. repetilio many_ I.mpul ses
per unit ﬂreqmcylfhehdmcby\thdwaé luhstﬁ&d B9V &sﬁ e dn Ghes er B hi¥her than

t hose foralr magy lines withig thz engedopsindible tljd:‘r%mbﬁfre eﬁKyh or -both 35

cases, % % irppplsss per dividnal lmhbveiafm except for the
. 6 dBs 35 dﬁ:i tﬁéiéﬂ%g;f%%;}i Q thif 'q{l &Yégﬁe'ﬂ’ﬁ? eg%xce tu}f’:él e&S‘é’rum woul d not be
parti cul amfltq{_hlu:smf stectinom lavels o ut I .Qn g He n gééphy5| cal
expl or at i gn The m g eY‘I°“r"bF’P‘ebQ (Dﬁmwlﬂrbf lbefulobse'mbdorasf seri es of

réfl ect orgps %{5 e’g@ﬂ‘%"zl& °L°t°' Pﬂlﬁbe 40 ~ inpact
. prodaci ngmbmmmdnbﬁﬁﬁ t&bﬁmeuddtﬂa d diflfze NentSBan 3 fficient
. 40 spaci aqi % g}g‘tﬂm #lhacoastic reﬂnoumt maefvlee&irceoﬁm I‘china g| n force

pul se carﬁo‘ﬁfsﬁ;ﬁ’ rl@WOVPhesreetechm ques are,

however, ddediite g%ﬁﬁ%mﬁg i%i&ﬂgitgﬁ% :]‘l‘tlgq) li%;‘%hs at many

| ocddi onszm;!fthe emeﬂwda appantBi foNprovitidg SHpSE for Mlkeé wilo

survey t |SH§“!“§3' fiproge e to snéh impact\phadueing teehnigtehadmvand éé)par atus for
provi di nGbRhAl ﬁrﬁfs m(’é}:&‘; ej‘htof%‘rﬁfom Hantiah psousmeth cambe i mpr ovenent s i f
appl i ed tfermfatscds w:llrbaﬂiscﬂé@

ﬁfﬁxses ”}é‘é\é’éth Sed forbsel sni ¢

~ expbdration Rhmﬂetla)ilwep Rigsb 3 anzs» aid heOh@iien s whith the palked al ns
provi di ngﬁ%ﬁ ﬂ'% G‘E':’s%‘ a‘Fd e hgﬁgn eos pulsed individpalldend imri ne for mats as
wirl | Gow BEQsEBLg! 'ﬂ%f 8%‘!‘1"&?“9\?@1‘?3 mdameligidenough . 23A. 50
Ret ur n| ng nThe time S@&’ of Znotidn oﬂiﬁe AaRmerG0 id iEtaRANEFigd, Bs Wi D t he pul se
50 &ener ?5( ?W%@wblstowcpfg'@rhwranls fmheF,sm ﬁﬂ:hﬁb&)nml | sesgd ndividual ly
and.-in s a%?@% ;‘egé éllq telatme f requenci es and
anpl i tudeﬁcl‘wo Iplsm pon ﬁ"me hi story of
not I@é)n oﬁlamitner Bmd!maﬁeomm Ivdltgﬁl.tgé ;&E:h dt:::ﬁoé sgsg.s 5I | Fig. ]
25( sh@ IY nigorre: s &9 diiving eivéri pist Mmotmmda to the
pi ston- 65 okthe f—"l"ﬂyﬁg %’ %‘Hd:\}%ltaﬁé ‘B%’!?F?'F%°ﬁh?#ﬁ§?blmm on gﬁd Fi g.

25(c) shows the relative -

(D




timng of the inpact events. Wth reference first to Fig. 25(b), which
shows one cycle of piston hammer displacenent, the zero ordinate
corresponds to the hanmer 60 in initial—econtact with the receiver piston

82. Displacenent in the 60 negative-X direction corresponds to driving

t he recejver piston 82 into the liquid 60 volunme of the cavity 92 as

shown in Fj 3, and to dlsplacenent of the baseplate 30. = ~12° o
1,579, 841 : 12 away fromthe housing 56. The

force of the bazsepl ate aga| nst the groundl 484l lustrated in Fig 25(c), 12
Di spl acenent othe—hanre GO—r= S Ithe fhoumdlis
corresponds to nDtlmyofromee FOPSHRB O N2 - ﬁ‘j}rﬂ? ﬁﬁ,g”%gm&ﬂblmgmephﬁpact .

of the:rhamer 60" on" ctoi‘c Eg Bliontof thitHathiter. siaytfiometh ERRF@S“‘O“
Fol | owi ng initi al c T @Ooxdthepieaﬂm 7 9 fbﬂ'?%‘\g

. theRasTRT
the 5 receives pi str-tenwaﬁyz;mﬁahlcpntact. itheh er560 jt %ﬁ&p e@OVEdS
in the inpact spri ngeqet!e i ? Iy 1o mﬁé%ﬁﬁm he h@mfet 60
_ ﬁ%ﬁﬁé&t&

rebound t he hammrer E[i'lm fe. ACH EmETYS; ma:dhaMermclusmmm

[ERR] after the hamyglbcit W trilﬁfeﬂedd’tkdlmbn emm tnalge bt m' 10
ki netic energyoto t e’ innlmht fager oM )sw'tc ﬁ‘g’f qsfor ce
on the hamver .(see r g)t m g@l éﬁ fde ﬁto %il}iﬂﬁ nt undérGebound

accel erating the harﬁ ﬁ,nllﬁnﬁcbulmetgyamsﬁﬂmdsb)sthpm time
[ERR] is desirably nreéi. the natur aI zero -axi-s- Cros for '
di spl acenent uisder rebd‘tlmdmableﬁ@“t"é %ﬂaﬁgﬁ ,hgrl cséye%n lgste:lt‘fener gl;';
transferred by the e gaﬁn& ;“d‘;‘:}’oc,t, (se theldisplatenmnt shsor hi8)
rebound vel ocity an th(tﬁb lsb\lw:hedtolbem IFGGI frove
away frominpact at- lagt mr thenby lmwtl g"ﬁh‘l °t ‘Emﬁléachgg
a prescribed v oci ttgme(lg Iesign °r mefgoaul i c
force [ERR] on the-| a? d

swi tching 20. ti nnmmrde@lematt : %ﬂt . thes
decel erates andel naTh °‘d“‘ 2O CoHPS” R%‘g“ﬁf&'élsﬁg )to%& dt'sggé]dmtemfthemght
shown as [ ERR] in Fif - Zabhivith Bid. : AB0:. may ‘be “hel posi t| EER]
for an arbitrary tine. V\Iﬁe_ inbHE ne 'roeﬂleappinpleﬁ@atm”%f‘%‘tﬁﬂ%‘é‘hﬂ‘éﬂ?‘“é‘tﬁ??

time [ERR] a posltlvmhblsldtaeﬁltiql} Xodhe: | s again applied, -and- t he ham*rer
accel erates toward the |oad, i-npacting t'he rieceiver piston 82 at .tine- R
[ERR]. 25 .. The holding times. and sva,Kh*—ng—M.Mfes are. predeternﬂ‘ﬂed in 3. .-

mﬁeﬁﬂhtmrodﬂoroecapp if
Fig. 25(a)), ‘ther ebysubgéh dn wlagmg.udea% p«attwehyd!iuhpm'c hi s
CIM

accordance w tR#%the © “25 control ‘si ‘gnal s  eR'and e by means of the syst ens
to be described hereipaftegr henArakst - maﬂmwbuﬁm&td -difpstion

ki netic energy of th _-h 1R ﬁmgjggg‘?mgt’&%.ﬂfﬂ‘ﬁmu)md gt loc r gy

it held at position ponmwfth{EﬁR]c enhmeft E‘Pd‘! °T &fgdldg rce

on the hamer 60 in whie giof| ls;ig @‘&_ Qver the 35
hamer downstr dse) as@P ﬁhglogw Lide hemdmhtfomel‘efcha sigp et i ¢
energy of the hammer . ﬁg £d. The ivﬁtehinmame\'ﬁaﬂté"‘ gggﬁo&ﬁ??’
appears .as rebound vehaigesd y;gij EfeRp aanthshP“FtS“ |‘ﬁdFi°§t?—fH‘“8§ " ope

of the hanmer's ti ne simultbegoysly Ay e ¢ gwfg(b)) at -time [EjﬁR] .35 As
previously noted, at or near -time [ERR] ‘the . hydraulric for@ [ZERR] changes :
sign to.drive the hamrer 60 up ard,; T E vgt_t 'A-rl'-EM! ] -at wiigih the 40
force [ERR] agaln changes S|gn slo” enppl & LStgn 't ch.: pOS|t|on o
[ERR] and zero vel ocity:simul'taneously’, can :be shown to be [ERR] The: time
that the hammer 10 then. Tiekimse that ﬂledl@mn{eEm?]hensakFERR]eachh’és Bine del ay

bet ween the switching time [ERR] and the subseq i mpact- event at "tinme

[ERR] becomes [ERR] The: tot aI perlod 1[5EF3RJ=Ts,l+ absence of any. lgel ay .
between [ERR] and [ERR] .is -~ 13 Fy. €979 841
[ERR] If [ERR] is zero, the FYHXI mim repetltlon frequency becorres -

The tlme delay between the sw1tchmg time Ts, and the subsequent tmpact
event at tlme To becomes : o o o

45

L The total penod Te, in the absence of any delay between Tsz and Tss, ls



[ ERR] For a given blow energy, the repetition frequency can thus vary, as a
function 5 of the delay tinme [ERR], from any val ue between zero and
~ t hat g| ven by Equation 5 (19) (for TIZDD'I {'\\ Thi s r‘h:-\nm ng FF\DF‘TITIOI"I [at e
as a function of delay tine [ERR] is. shown in Fig. 26. F|g 26(a) shows a
~varying repetition frequency with [ ERR] held constant (constant bl ow

ergy). Ffg. 26(b) shows the varying frequency coupled with 10 -~
@a

==ghangi ng [ ERR]. Wen the product [ERR] i-=s--hel d=eonstant, constant r

outpui3 10 results. In order to pkmwsfle. high resol utlon and hi gh l to
noi S€ TN the transm sstom of—tie—to ' - has been
“faund, in dccordance with the |nvent| that such rce pul ses shoul d be
*\t_ransmtted in non-repetitj e or guences. Such sequences
may al so-be consi qut 'Ead'Tt,e‘ s_ seqdlﬁioes or formats
nmay be transnitted over a's ort rapus val which also leads to
increasing-the. speed of' seismc survey ng For purp seés of illustration,
“the .fol | owi ndf ¥« Eszewt th; qumium repetitivadiequses bédomeor nat s wi'l | be hereinafter
di scussed: 20 1. Linear frequency nodul ation of ‘the force-pul se
. repetltlon frequency %0 2. Nop- Itgs r uency modulation, such as |
“logarithmc. nodul ati on pmx e .01 gLﬂe__r epetition fr(qsnuency 3. Li near
peri od nodul ati on of- the torce ful se"F _i(stlon peri-od.- 4. Double

nodul ati on sveeps. mhlch 'synt hesi ze | ower frequency smeeps usi ng 25
uensy pangthus vary, as a function '

| ‘ts Y, Hiedepetitiqny
Fz)g :SI'he Z‘Q’e&-&héﬁz&; nefi'_séﬁ g’ aE’FqbftS' T*PB?FE“& hat giyen bx Egyatiohice widt h thet

i nventi on, berhisadhanm repetition fafb asa(fﬁhch&dbﬂdeﬂylﬁ}nef[w-cﬂ #whowa igont ai ni ng the
sane ener F%?Vﬁ"m) f_jupw:fga%%zaepea frcqmt fwner; hdde-nmt can be varied
in a ord %% fape fsgeqncy £p in energy nay
be uisved tq-egmg)v ‘%’ i I"lvétlsanet 5% Pt §oE f"%‘{'/eérwg’“transl ssi onj

i nterval or flabtdent qnmd;rhlshut hutmmﬂmmts@nat&nmtseammrs:emnoﬂ nterval.. The

| at-ter -ca nlfeu S ance giithithdbl e f or use when
e e e %,.s?r i wg?fﬁ%ge:t B ¢ e oo
« whi ch dri VEHesed sequepess SefopfitSmay by tr VrhiZted ov?e a shorftrad msx&Uﬁ ﬁyd" aulic
~ power supp¥hichpisoclpadste ins aamth cedh ofi geismnicl funteing.. Var| ations in
the ener gy, Ofat ﬂ%’%f’ﬁfeﬁ%g B’gsse  follpying H@Stnﬂ&nsq%rseéuswenm €fval " 35 may
nc

v al somgoe used 1t pinest 1856 of Whe rRRARIsWirddatits o .f:requgncy of the
force pul se QpHon-hnm frbquehdsyl modmé’nﬁr:uéma%j:ﬁﬂﬁg{%d lﬁmckﬂ’thé he . %ﬁndane nt al

band (by vipse ﬁ’“!s%f uI | octave, of etition frequency

~ variations) '“gﬁe ‘I‘é{__ IW{J‘%@; f:'°s aLiakhon in the force
pul sg5 ener;gl}se@ nd ofh1 Hed t‘r&iﬂeﬁ&éso 1 nEy Al SO be uged to
mnimnmze dis dbat om mctammat smhelc soomfosmats cakQ tbehcmdmcet véth fthendanent al  and

t he secon ‘g%.igp ”%{\'ﬁ@gt %fﬁ djvig al ¢gn ais#hi ¢ bands or
panel s whlv(:l SHltitio y f@mﬁfh\‘ %“@g’?‘ﬁlﬂ ?gbtywr%‘ﬁm 'pands or panels.
owdr @

The x)econd:oimmwwa oftbutiovérat nté@ﬂ%i' Fallin@ P v tid | | %weep at
twi ce the tﬁ&%’gsstw intqevak. (Thel la t:m: 0&%@@ ‘powércout it mt#ytbarenmmty will -

ouecp ot aBERETIES &g%ﬁ“ti;%ttﬁgttmﬁt* R, Lo,

f undisnent aI élarlamys mcthc e fqml plils¢s during i ti‘ailm’ﬂﬁsidﬂ)iﬂteﬁvaw || gge do

dB, and s domd “? °fs ? @Qfﬂz)f one oct ave a
< j oi nt OCC&h'fcheﬁ n}erhﬁ tﬂ?(p 5&.« J ‘P re E%}g% t he Second
~ har noni ¢ miantthmedoa@mnmgo t. Va ﬁrtﬁé’ﬂf& e p L dke Of the !

di se9nt i n lEStontlm wanalsabé hsede @ninimizp dnscctdhmmtx&oa ttt qamnmé swalep :

« enpl oyed. €hanel s overI ap,
R S maﬂtmﬁﬁettam B Poessrvo

const ruct Wlbsmd atl @gice tlmtrawa)fltlib‘. fandadental peeep; It esmtdmaﬁhbﬁé ilce appears as

W er t. € g’gtsp
18; a4§§rhe| I f 9%“ con arn'f‘;flﬁ wn jm aﬂjngfr% the fundamentaleigt’r::‘y‘ exalmpIS(;gFlsgl
point, 'the third ha ll e down 5 dB, and so fi
14. shape 0 SHEOH b HETundantenidl fr oP¥nel deave. Aq41ht de urs land or ce pul ses
~such that whEWBgechermldmgrﬁmd entai mrmm seonhirmonit iobthie begifuinganal yS| s band.

1t H9s be 'H’ the dis Wlnmtméthlsnm lll emhmontt :
aut o-corr efc’ thswpief@ﬁWtfﬂ gm'ga'ﬁ@’ %@:ﬂg@;ﬁ%n | s a nmeasur e
of resol utcbﬁm'uctlvs aﬁ&ﬂﬁtrﬁdtﬁem&rferenc@f THiCinfeFFereicel agpk Q”ﬁpeCt rum | eve|
parti cul atheydipgsams] @lluatpating tesspaeteum (see for dhedraple Figs 10). The envelope




and is relatively insensitive to these rapid interference fluctuations that
appear as grass. In accordance with the invention, the slope and joint

di scontinuities in the spe(‘trum are Qllhcf,’-\r‘!tia!!y elimnated so as to
obtain a substantially constant nean spectrumlevel. As a result, the
auto-correlation function is inproved, particularly 10 for small val ues
of delay tjiwe, yielding high resolution and m nimumtarget “10-anmbiguity.
Consi der. figy}t he rel ati onshi ps goveeni-ng | ogarithmc frequency nodulation -
wrrod nodulatron L|near freqngﬂgulnodulatron i's governed bylan_j

equati on ol 't e : et . ~-u— Y,

a .
an equation of "t he sﬁwemfﬂmctm e ¢ "ﬁ&l"’gﬁt f IPBITeE BT
octave in freguencyspe ‘L’ '3, e dnve &Y&rtﬁﬁdh&ahtammﬁam on.
of the-form[ERR V\‘ﬂﬁ tion fih atcaamsraactmywﬂmobndn rmgieliSFtt!'QUency

in the sweep. Fhe gmly&paﬁtmdaﬁ‘sdeemﬁh evet ly for °@f“‘¥‘ﬁ§° a§a

where [ERR]" is the: drﬂnsslapmlsmsq égq‘?:hj:%ﬂﬂ the g},ﬁiﬁﬁr nt ﬁﬁl‘." gﬁpihbt ude
t

(see Fig. 4), and 2sass. I“"F allly camistahtr ency
as governed by Equa, ﬁfﬂﬁt ‘5 the autdzofiéla @Z)nctlElantll’fQYFd “(lﬁdg be .

enpl oyed to- deoerni me skl valnesobi’ detays limpeyielding H’éﬂhf resRiutipednd) mip 8% he 10

vari ous sweep. typesqmlamm\)r/ell as the de endence. 0 chtﬁ e
anpl i tude and for ce 1d9ﬁ “ht '°“ “?&°§dﬁ'§’f Iogarettﬁﬁ%ffeﬂuél H:n% o
| is a listing-of v Mﬂﬂiass@éveinhebwmdmmuﬁanheémrtuon 30
frequency, [ ERR] over - a se oct ave band, w th associated anplitude :

functions, "and_t'he resul tant ‘spectru Jo iqn e fundamental beppl, 5-
magni t ude of fItr st - oi nt d| scontl nU| {n_(ﬂ %H he¥power characteristic. over
the sweep duration. T. @éﬁ {};}pfrtwg,em '
Spectrum Sl ope  Joi nt °gaﬁ v'\'r%c ﬁeque"cy m%chl %pgovemed byane%ua +on .

(st Cctave) Disc.:- S ope Li near Per szﬂ' Constant @ f| at

3 dB 3 _dB Linear; ier thetn nthwepone octave ugng " 0dB
flat LOg FM ~  whereris Jlati d b tion: oftheform OdB -3
dB 40 | Log EM Llnearperloﬂ a on.lsgoveme Y _at Y dB
fl at 40 Log EM - .Con taﬁat ] qe - o 7 .6 dB
3dB Li hear FM - Constant Tt B dB. - - 9dB 22 6. dB Cho

the six sequer?@es Itsted in Table 1, the orleryr el d| ng the ‘| east si. de l.obe -
energy relative: to the principal:. tobe-are fi rTst and. fourth- I,--Lsted Lwhich
yi el d. theflat" 45" gheRPE&d Wﬁkﬁﬂdetwmrnumdammnaingmm
j oi Nt di'ScoRtT AUt Y. " The ébergy sptctbin® je8dl E(w), is- of ‘the form - ‘

15 The spectrum can be nodified if the svveerit,gf,ft(ae fundarrent al repet|t|on
rate, [ERR] is continued beyond the firgt,.ocfali® “as will be di sd@¥sed
herei nafter. For purposes of .illustration, codfa(t)der the exarrpl e-of a shaped
force pul se having .a-repetition-frequency. svvep& ‘nomi nal | y“over. the hase
octave:band from5 t0 10 Hz. Such force pul'ses tmaly be generated using the

appat us_descr i bed i nyipaink Atcu'hlld 1EHgBS il thiedorde pileanthimdp(stcFigliamds 1 o
give flat nean2s pectrg(ahs tﬁa&mydeu%i\gelnterebamn fréanéncyrad governethby Equgtions @21~ 25

h band amdPd). T
por 00 ol on i O I S, poc LS i AL

nmodul atio- "with ”ﬂrn?oblig%:ulé@'hiﬁbﬁtﬁdeaﬁld foRRlpnlseravdt (sewdﬂdh‘mmﬁon (12)). Fig Co
10 shows the caber ent. (hblellaprmmmg(ﬁfvams %:Pfrﬂ!ﬁFPs aﬁ% f““'jﬂg'te“ b?_"?tﬁ;q'grlth’ﬂt
f

frequency nodul ati orfr Hﬁf mtu g ?:é'jo, ase
band from5 to 10 HZRE: gﬁ.‘\&%ﬁ“&'{.‘ e d?ﬁtértat.& bﬁi 5 5waép
har noni ¢ panel ‘at The. Ie ore, at «..r peduc_e  level: of : 3t dB
and the commenging of ~ ' " the- |H'{"EH‘: rence £ uct. yations at 15 Hg -
due to overl ap3®f the sseend and thir l?lé.‘ﬂ?onl av;’)""15 15’1‘;": m al so’
in Fig. 10 is the autocJWP‘elatronfun 'Pcﬂ“p([E thrsgd%/ve
transni ssion. Lincar Fer. Mod.. -, 0dB | ﬂat -
15 The harnonic panelto'gylrﬁ?ﬁthf h nay he better un.d;m;;tood by (nﬂhm dérdBng
such ‘LogFM oo Qe RO dﬁ | 3dB'

o :- . LogFM - o Constant o 3dB 6 dB

: Ln-learFM . Constant . 6dB 9dB 6

. Of th sequences hsted in Table 1, the ones yleldmg the least srde lobe
S energy rel:tfvl: ttﬁhc principal lobe are first and fourth listed, which yield the flat _
45 spectrum- in the fundamental band, yet retain a 3 dB joint. dtscontmmty o 45

Table

i e»trexpn a 3 dB L



summation as if done incoherently, without the rapid interference
fluctuations 20 Fig. 8 shows the devel opnent of the first twelve
harnoni ¢ panel s of the base 20 band sweep. As the fundanental sweeps from
5 to 10 Hz, the second tharnonic sweeps from10 to 20 Hz at tw ce the—rate:
-Ih"any gi ven freguency bin within the sweep range, the second harnonic wl |

contiri bute onl.y half the energy that the fundanental contributes i n ng

at 'hal fisthe rate of -the second harmonic. 25.. .Therefore, the specty

nnj (or 3 dB less 25 than) tWE
. e=sueens from-15 to 30
al rpetitionctagegl y, t he

X ShalergB | ess thari) “fhe

| evel OTTte oﬁ_\éé: _- _Dpanel 1;5%,844 2
fundanent al ‘pandf SHeetpuh canSe iddded ¥ th -
tz-at thr ee.f{??srfe%‘"{“ﬁé beyand thy ﬁttsmifaft\?l:ts §;f§ hé};é:%@g
spectrum | e\ﬁgi,imﬁ% r‘;}ﬁl o8 I illdsthtion @0hsideP MACLxadnSy

f undanmént al : 1paEISubE Kl eremécyéwemgymmpmwékﬂélgaé) éﬁ%&”'ﬁf’? regpulsehe nt h

har moni ¢ paaennemmngﬁmmrgsﬁmoﬁa!gﬁ?ﬂf"vm?rete SR theSapphidnus Cuerah] 2t he

“f undanent al 'I"ng.%?}s? m‘,’ g%tgse«vq:ﬂmmmbm&m&e;g“ ‘the ¥arious

Ndand immwﬁa.ﬁ?e
panel's pr ovi{d@ignefyiﬁ&{’u“ﬁ%meﬁ? _h!ndplaiid%l bt Gonsgmt in ,%3?3#‘8 tliil_.ﬁbg with a 3 dB
_fluctugtion begyepn °F M8 pmplitydeeyiomnas g2 s@ wdagtr PBHitkmicont ri but i on
“and then t ehgait ;QﬁQ%@':F)Lt } §ohsrenh delopnemosome GalokmIBCieqsi fg 1 uct uations
~about an ulbaserbdnd floavelo @Y ﬁ’ﬁ@{f?ga‘ﬂ : '?l.it'?deﬁgéﬁﬂ]g J%gz%mtﬁgat-i oMk in Fig.
.9 are fluctBfEfi #ne iuccceveban 3SBEGHE T m{tisten of it Audirrmenie| 1 uct uat i ons
" can be redghggy -sf)tar;léiﬁioﬁuﬂtemmap&neﬁeggecéﬁf el gbe buertegencei g 10 shows a
" transmi ssi Granssesga, 1T O 10 ¥ 0the Futeeomglativnafuagpm! HATYO e g Panet: t he 40
- fundanent al  bamel rgnodi Darde ; aﬁél\hl%n I's transm ssion'ls added i néoherent |y
to'that of SummagbnFasgr done fo eaaa'},u‘ah }A Lefoidergendsycconsideringnbiciii §. 12
- resubps. _'Fi”é‘?ﬁé’;‘gﬁ%an_d 14fas_g(l)hw the further ThitBtEleessee Quetvatioon of a
transm ssign. .eRt P Bre fdevolapiBnt-of theCfirt Iwee Rirmén;l f 1/6E , in the
-f undanent aﬁﬁ‘é’@?ﬁs}; é’% ) npgmpmmmbhwnégnééége iéé’ﬁ%g‘éﬁefl-ucﬂmations in
the 5 to 69vekls rdngé|Ghé) Scof] ;ar‘l‘t;’gnig-’@l{p‘éo {2y zigenciraiBency i withiefe t T ansNi ssi ons
of Fjgs: gfundameatali.comritaes RemERAIE a it ﬁ?@%&a‘l’&ht'ﬁ the enerexithgthered, or they can
< follow onethib‘;f). gFfu%g.agﬂﬁ mdevebofthe sicomt Rir@bnit b g@%%gzﬁ?{fﬁ%si der now in
- nore det ai'30 HAW thréd iRls -.ﬁ@félﬁy L Jsﬂm.dptldmtmh&ié's EpsPidbalson godferning the
'vari ati on level ofshe thiridi laRndni SEHAEN %W{.‘fg‘@#}? Acgprdingly, th@spectrum | 0gari t him c
~syeep.i s - gPYFbThE §nere sectom (ZA)E, oAShatemyr cgltzﬂﬁﬂ'éﬂ“ﬂ#ﬂéaﬁel at -topped 50
“.rpanel’s” occur “wi'th this. l.ogarit-hnic-sweep w en_.pt e'§% '?é‘ebyp_ul se anplitude
varid@s-wi th [ERR]:. To change t.hg.=§_‘p‘?ct_ rum l'evel -for the second-and third
i ntermedi at'e bands, -the sweep ralteg i's dbttered. -Thus, .f 4).t he segqnd

i nter nedi gig, ganel where the spectrumievel is reduced by a factor “of 2,
t he val ue 'OCE;,EEﬁC%'Z f’ﬁé’?f

C

hefundamentalompelan 55 . octave) Wi.ll be one-half

. that usedresulﬁhgﬁ@- - D YAfel cordiititibay df\the tdoud Hiel 55 internedi ate
e e D0 o i b it I 02 | ) TS
‘Wi | T” be o@‘é‘l‘%‘?wﬂy deestasingsfd tuatio; hﬁﬁ‘gﬁ L‘:[n {ithghpmdsﬂoeo&ci}ms wither which the
i nt er medi-dt epbapgs,are syept are obtai ned-f (EThoErRPEaxintely 1) - byast aki ng t he
| ogar i t hrmeh ldvetffictahipns, %ﬁ'ﬁlﬂ gintions of (s ka3 dectrum level, The o
16 4HERR] ;T:#-d_llns T attramﬂniZ' swed 4 g 1 Wﬂfﬁpmsél&tﬁuﬁd& the first octave
1rom s ¢ et wigE, Wi i i el nhe (26) 5 ¢
by de_fl niti Q‘[;’.. g ‘a lime&gpgu fﬁfﬁﬁsm’ms% Y..I _atof _ 40
(e of sl ot % LS b B ey (201
"bei4'ng i5 e_?_c}ilin%f(fs dB. . R 3_91_ ﬂ ca gns_m?lfgSto 60 Hz_band not
. Summeg to?ﬁa gransml.}sions.of Figs. 8, 11 and 13 can be made at separate ti 45
Sider ponoan follow one after another as one iﬁtegratedpt?-raag:nt:irsg?g: o

'_50 equation .go'vemi'ng the variati

and

. 5"5 - . .octave) will be -one-half that used i (b .h" . of 7 (the time to sweep an

 of will be one.sixth that used in the first bang, uocd by afector ofsix the value
.~ nes over which the intermediate bands are sivent oo e
Equation (21) by taking the: logarithmeof! zggﬂl;a;;g:;r:s i"gﬁg:v:r © obtained from



sec., [ERR] 20 Thus,

20 [ERR] =10.6 sec [ERR]= 3.1 sec [ERR]= 1.3 sec. T=15 sec 25 Tabl e

2 which follows, summarizes the beginning and ending tinmes for each of 25

the internedi ate sweep and t he begi nning and ending force pul se anplitudes.
TABLE 2 Rel ative Force Pul se Anplitude Frequency Range .. Beginning Ending- U

Sweep Tine [ ERR| _ S 0. 707 0-10.6 sec °

30 [ERR] /" | 0.707.. 0,577 10.6-13.7 sec. [ERR]

0.577 Q¥47  13.7-15 Sec Fig. 10 showg sydugispectrum: and 16

aut ocorr i olé function for thefitst—i-nt-Ermedratre—and,TTom 5 10 10 Hz.

Fig. 15 shows the "spectrum and 35- .~  aumblorrel ation functi for the ...,
first and second internediate bands, W ttﬁ"t‘I”T—i_B'B fundanent al rg%et Ption = AL

frequernecy sweeping from5 to 15 Hz. “Fi.g. 16: shows: the conposite spectrum
and autocorrelation f Lﬁg;nl atidi (29 the biidep Ginle ) ds caventhe fiest] octavetieomy Wg‘of rom5
to 25 Hz, In one. injge ated sweep of - 15 seconds duration. The inprovenent
in the auto-correlation functiion quality, fFaicul arly for. smal 1 8% ay 40

tinmes, as the mean specirum.i's successively snmoothed, is evident by 3
conparing - %0 FiBsdciions and 16,0 17 - T |
1,579, 841 : - .7 17 Wth an exenplary force pul se

width [ERR] of 8 nms, the envel-ope of ‘_t{g_‘(sii_p_.' tFjum begins to roll off around
75 Hz and has ‘a m ni num around 250 Hz.® For this,l.ogarithm c frequency

nodul at ed sweep with force pul se anply,tuble (/m;f_glﬁh “as [ERR], the power

out put has previously been shown to be CZ)nL__ almt er the-5. "~ entire sweep
duration, thereby enabling a driving power supply.to be |oaded to its :
maxi mum capacity over the. full -_sme'l!p"dijr ahlcﬁg I n ‘addition to thd2Ekanpl e 1o
il lustrated ineconnection-wth Figs. 82t _-_I.Bb'ar. ithm.c-frequency .. .

nmodul ation (Log FM .wi th foi'ce pul.se anplitude varying: as- [.ERR],: consider
anot her exanpl e \'/\her_eﬁ,lﬁl'-_'s.d.'t,.h-e"_._.n)a'an-,-I-_'e__v'e-I.- of . the speetrumis 10 - - =" -
snoot hed. This occurs wi.th kinear. peri; _d_1_r£p ulagion wt hagg#nstant force .
pul se 10. anpli tude-“ove-r-_"e-ac'h--'-i;fn_te'_r_nﬁ 8it'd blndl Tine dirations for-the = -

sweep are, for purposes’ of the .illustratipon, 'ei ak 15 seconds. The
repetition frequency [ERR] is swept wi{ht T‘}.&%ﬁ}l ti'me over three

internedi ate bands, first, from5 Hz to 3 | €vel [ERR]; second, from

10 Hz to 15 Hz at 1/2 [ERR]; and,fl!.fnakl}élz.éﬁg&]l,s Hz to 25 Hz at'l?' L6
[ERR]. The i'ndisvi dual® pul se. duration [ERR{" laken for pur poses B tnis !5

illustration as 15 8 [ERR].  The goveér nlmrgg frqu‘ﬁtn&%ﬂg unaé‘gﬁ%ﬂn&ﬁgyaﬁg 8n 22.):“_ .

becones [ERR| Tabl e 3 shiavs takgfariexqmple the 1aldl intefral e I'nternedi ate"
sweeps, based upon 2%¢: - Equation (31), and.the force pul'se anplitudes in .
each band. . . - .7 . .20 TABLE 3 ’Réluﬁf&??lﬁq?“g}e Frequency "Rggge

Pul se Anplitude . Sweep Time [ERR] =1416 1, S T

0-9. 375 sec 2520 Thus, - [ERR] . .. - .0.707 " . .. 20
9.375-12.5 sec 7. " 25 ERR] . - .I=106sec { 408 ' ' 12.5-15

8% on function for @Me first

| ‘the ligearperiod sweep. Fig. 18 ._
shows the spectrum and autocorrelati-on function for.the fid st and - 3@hof 25
second i ntermedsate banWahle Jwhigh fﬂEﬁ*Wﬁﬁ Eﬁ%ﬁ&&%ﬁ%m@mkm;s -
sweepi ng 30 from 5. thy intgrmediate-sweed P8C SIGRET e "conposit e spect rum and
autocorrel ation function for all three bangaBtBi?hi ned of the linear period

sec Fig. 17 shows the spectrum: and aut o_c:&f_r?aj
i nternmedi ate band, from5.to-10:-Hz"of the li

sweep, extending from5 to 2.5 Hz, 'i.Rcﬁﬂﬂ': F'orce:'Pixl'se Amplitude_: ' o
B Frequency Range Beginning; ;Ending o Sweep Time:

. © O SsfclOHZ S F 0707 0—106sec 30
? e, 0707 - O5T]  106—137sec.
" © iSsfasHz 0 OSTI OM7 . 137—lSsec

.~ Fig. 10 shows the spectrum and autog:orrelatxon function _for the. |
: -'iﬁtéfggdi;&"'b"ai'r"ld.’;.'from' 5 to 10 Hz. Fig. 15 shows _the ssp%ctmq:h_ﬁ?‘g s
Kh) - autocorrelation functions for the first and second mtel_'med_lat% | ar; 6s,-- lmws'"th'e 3.
- fundamental repetition frequency : swgepmg-frgm Sto 15 Hz _ gg.- 1 s ows e R
. composite spectrum -and autocorrelation function for all three ands c_:?_ ined, .
extending from 5 to 25 Hz, in one'integraged sweep of 15 _sec.o_nds ural uﬁ)d he’
- improvement in the auto-correlation function quality, particularly fgr smal e_ny ‘@
40 times, as the mean spectrum is successively smoothed, is ev1d_e_nt-_ y- comparing.

Figs. 10, 15 and 16.



I ntegrated sweep of 15 seconds duration. 35 Conparing Figs. 10,
15, and 16 wth Figs. 17, 18, and 19, a great simlarity is 35 seen to
—e*&s%betmee—&he—eeaﬂ—&aﬁ—epee&ea—and—mﬁ%%%ﬁﬁﬁﬁemﬁe%e
two sweep types. In both instances the spectrum snoot hi ng and i nprovenent
_in the autocorrelation.function fromthe sunmation of the first
“ntermedi ate band$ is acconplished. In Figs. 16 and 21 further bgtp}s )venent
fromthe addition of 40 ° - the third-band - s |ess noticeabl-e, s still
si gnif7i cant . ' 40 Fiigp79.840 shows the rel ative power jn the two

tranSm ssi on r1.00. mpomr ;
s equi T enenbrin o BB ot B R S8 ey

@Ddul ated swdayp tins; logaﬁhmiodmauney mddulaéd fv&ep @ith Z@eh Bulseanplitadé ant povver
requi gerrentamquas _0& Eﬁ. 's'@s at?pptlst esshawetwbap%mggp dverthe¢ he two 45
er

sweep type,esnat;éﬁ,sﬁff adining powst seaply ook leafedseits od swkep s
~about 30% 4h aaaition (15 pleOil} raeaenhg&nhdtu&mwhqgar gt lhwioe frequency
¢ sweep. Fi glogallﬂlrunﬂ'em@ncyr lasenthom ) wisth 6apeqmdse wpplisndeotiyig asweep for . t he

| oganjthm i f Fherg Alsohe meap devel, gfs e spactrumyis exhibit |
oot e TR %r R ok Tl

v desi rabe pruppestof tizclustratida eﬁaausles Therep dtii6n fredueficdf, s st to the
spect rum cqﬁ'éh thisftg &J’*"%i sh lath ds, First, %mwztbdﬁHzat 50. conpari son,
a copyentr Thﬁﬁ o %‘gg%z_g ofﬁ(}ﬂt‘t 29 Hzghial 0g, sine- pave
_-sweep of ssecon S. |on ove'F % I's the Yand
essential I’ y dthvapmmtwfredmndy\mumoarmdmﬁmaM\becodiescussed "G 'bbs phenonenpn
i s evident :at: the ends of. the swe pﬁnd is reflected in the hi gh frequency
ri ngr ng on 55= the correspo i I Z\ tocorrel at i~on. funq:ul)on Al t hough a
cosi ne- squared taper can 55 bé alppﬁ-r-ted t ot he anal og si'ne-wave sweep to
reduce the rin S seen t ihe’ au orrel ation functions of Fi gs.
16 aggl 19 ug"f ’%g&ym 1se é;td‘ggit‘ s‘ﬁ?epﬁeﬁegr“p?han those

- provi ded b hear - sr ne vvave 'sweep. ~The 20 :
correspondr ng shaped force puI sel‘ABIaEISm 'ssion can, howevér, be nore

- efficiently generated and canRdstiveBoree f f ect i vel y_coupl ed" to earth’
formations; asndreycnsyBange TRuls¢ Ampliteds ysed. a%"e@('&mﬁl es :to devel op the
results shown i n FiSg&<10H and 19 ale exerrpl é'szgt her formats which can

. be pPdvided. in acc with t§ o inv s‘ﬁ further ex®hple of
~anot her format .whi cﬁ provr des sr m ar spectra an 5 autocorrel ati-on
"propertres ich (54 hi bits: erent Ui fepent.s, over the

d.'ia?a?y? showsfr G‘a S caqulr-lﬁ ut.ocot;\l;%g ﬁ‘ t“ﬁnc%gn t{)r FEeehglt’rp litude is held

sweep, 1S igel fidéa

const ant overF:g hi8 shmﬁhes lﬁtdcb&elsmapndtﬁﬁeoﬂmecfmmged for each

i nt e|39red| iate 'talrrés I“‘Ilthébsr fypdameptal mermoatfregwnsmmas gi v@n by
Equati.on ( is case a new
val ue of Tmresla A3 °g’8 %ﬁ%ﬂdﬁﬁgﬁﬁ %%&o%g that the

requisite lbamﬂ.tekievedpsofas s dxrduednob Equat I.an.. (23) -are_achi eved. Thi s

consdant f or ompatiag st hat35enabl es 15
oo force S CATE %"Y‘ S B kel ‘°°§'§%1‘%Zr£;r,e e Lo s

maxi num sahe autl.:gwu BAOh Trelion AOMUERE )ﬁurﬁMﬁ[ont &hé HIRE Pvo mt ediateg nmaxi mum
~avai | abI e lundzl;&%a}ccpeplxshmhs%gs tmdéi%rtpvrmrdmgntﬂmn tha additiomof ot al _ener gy; in

ﬂi‘

1 i t.
a gi ®on tithe 2? &w atlve p%\%%‘ll'éll": sw?rgrfs?fusiler%sotvertthew%veep l:l‘hg doven puﬂ €

o train. Fr qmeagéaw@ao&ua Yad/d 0P tebdir htsth i&'by Gbub+3 @Bl €S a five-fold
changei n piheeweepcrieifctquaney mbiidated iweeR s, dslabéd@ noted, cﬂ:ﬁpetbmztedbvrar ate band, or a

t hr ee foI d°°@ﬁem BW‘Pfrte- Fmdé ferconulse ld.iu#t:‘) ﬁ@ ma@@d ted 15 Hz‘
% e ioreg ﬁf;“'mﬁg} Q‘g er %ﬁé t'orag‘é pover
' lvedp)fo:ftﬂétamh,ﬂe sequences

- band4i
provide a %@fgw !rumlt hemdtcaseslrr edtwdméihnbiz agtocaxietation ilactions al t hough t he

€
suppl i es Jma Ji&hdl :

- i npul se : sringi dlq.sided §ﬂ‘§d§ TQRGTRY Ocgu |l er_band from
L a&rrgrt,ﬁszeﬁt Sbiores e i ik 070 Tt o
desi rabl & Wlegwny SR omal 0rataole i STl Hab gfm.?b ¢.g. 20- 80 Hz).
‘I naccor daermetwllytdqmedbmhsrtwosxamp!na@hom dmmswaﬂl s Ipheriome ncfnrlequency sweep
nay pe.no dﬁgﬁt’?ﬁp nde sPtocorrel?ﬁﬁ?}:(gge ?AC ~sq rgg W g:' c§§l z¢€ gpeCt ral
-eneryy at polied tb't WEE nﬂ ﬁim 1t§] bar Thi s,
aspect of atdrt&orrélumthons?& Figs/ I8\an esa:een/esreed re apfnag&m wEhrst over a
gi ven sweeqs betierahgnghose provided bicthe linear-freqvensdy angles sincovase vyeee, The the hi gher:
range of repetition sweep rates can enable a higher total nunber of events
to occur, thereby enabling a smaller energy. per event for a



given total energy output over the sweep. Second, snaller energy per event
can be 35 generated by smal | er signal generatlon eqU|pnent Third, the
| ar ger <av : - _
si gnal -t o- n0|se after receptlon of the selsntc S|gnals in the proceSS|ng of
the received signal. The doubl e nodul ation sweep is prOV|ded for exanple,
as a frequ--~t nodul ati on i nposed upon a frequency nodul ati on. sweep,» or a .
peri od nodulBti on 40 i nposed upen--a.:peri od nedul ation sweep: For :
exanpl e a- ',toctave sweep . 40 extepgh@glfront 20 to. 80 Hz can hape"
;e O .

its sweep Mo < : - - _., |
frequency energy. icartesme dlmh d-fprpg \glsq t “'as fa R
swept from5:-to ZOHE“"{%@% tg‘ge ggm:ﬁ a‘:,‘;f" aﬂd W
The 20 "to 80 Hz svwge aﬁg&sﬁmhaheS 45 R
sweeps per’ secsond tm&ﬂnme‘ ther formatwhlch prov1des similar spectral and 5

in: Fig 22, in whidfit 98T mmeui-m"’ GAt6 ¥ cHllg feefedpilt Ses
whi ch sweep from a.bahé[Fek the lifear ermqwﬂmyu fsweép dsigiveobyByuktion (20) theisweerd t O -

excl ude- al termat e paﬂeseglpmbvs ‘The process acts as a four-fold frequency 10

di vider to synthesize a: lower. frequedty 50f, !;Weep of - synt hetic events e
havi ng repetltlon frequen0| es. rangi rﬁmr“orﬁu‘s 1\D 20 Hz. Tt rrayﬁl?de : :
i npl emented in the: control S|gnal generator (W g/ 24) by togic circuitry

consi sting of flip- flops' ' and ga es whi ¢h inhi bi't- the__ al ternate pul-se.

pairs in-the basic lge : {;‘ .OfNﬂ‘?HlﬁP gmbfoas inge '_d'#'&tbP%fbﬂ%hat :
frequency ‘cl ock’ (Zd’%‘. -9 r' : f &Sgﬁ%?l ' &ﬁﬁgtmgnables | e
autocorrelati gs funﬁtrdaebsp Emgs 1—3)36B€ ktadsd toVité MaXiibiQafdai rsns Lo
renoved, as shown IlqveF tmﬂ@usldemr tthmednr wbdmngonhamMm ﬁﬁlélneeprayspeIS
Sec. and the pul SO g &ey?preﬁxmefor&gxlg‘;gn ulzta‘“["g;fn= )p:'o ower ?gg}n%

result of the synthg'ﬁihﬁt'l. ?‘fﬁg 5‘, tﬂ,hﬁﬂ ,,g;t{’,, 506 ‘!g" R
simlar to t'hae: exjlepetition! rata baﬁmruecattmmm ﬁeemammﬂema eqaﬁﬁehaeshowu-
in Figs. 9, 11, anoresmcted fr-tthélz bsmbm e rtgewslmescnb%e‘a@pbetmmmetgne 60 .
sweep of Fig. 23 calPig POuE MPRIEIR ORERL D (LMELNG wodlelies yBNiae £0MEKARD 11 T *
the 60 autocorrel a‘vidﬁﬂe;tbmﬁ{g* 5n. 'S Hz- 3 about 75 Hz, although the impulse sequence =~ .
1,579, 841 I'n 2he cometgjl?iﬁgatemwai:s bm a:ﬁﬁxch@mﬂ&r bh:dsfmmep)}lztthes Ho(are;vgudose 25_

45 A format, which sutge #&"r"é‘ﬁ%&}@ hﬂmi%mgﬁﬁglm iﬁjj{rat ed.. h a

:% tﬁ&emjn on,.- ) gmt ;
Ealo frequency rate, THel

essenti aI I y t\lﬂce tfrenunnniés

éxelowfthpmbmmablﬂm sweep bam'é This:
sweep with pul se pappudess dug

ogal advaniages: ki overagivens . hqzc
Sveeh (helsh' 1o TR AT g&tﬁmﬁfm" “"*“?&t@' it -ﬁl- i
approxi matel y .t he sgivéh tofabérergitioutpbgvacthe swee |seeondt lmafgymevglycdm the S
20- 80 Hz can 3e hakenexdted| byaatiaiier. 5313 waturnevqmnm tThird gilig jlarger l%gb@' ofhat 35
the total energy 1Qeventscan i 3%@3‘;% ol rreeepHat ofghesetsmico

conpared can be i deP¥ TR doutte mod aéd o Wik, G heugrger at ed
by nore - conpl ex schmdddla&nﬁmposmﬁm adtenuemxetmpmnatfqnomw, memémétplatmnd by

. 1 2
combi ni ng segrénts: wmqé ﬁt‘ﬂt‘l Speep; i 19@? 'y ? L3 %%qugncy
¢

illustrated as incrEa :é’,fc%m frequency

transm ssi on i-ntervgl e’,s ) _5 i) yhithan;e éraﬁmamﬁyndiiﬁlyfr L
scheduled to yéS detprﬂea-l;em ZMOBOEIES‘?;?;&EW r;f?wgm eyiteowhwlmhena;afmmlst i"s_"- R
necessary onl y¥to p?"tﬁj n .
e nar o Ry s ggf‘(’:?? ;%?é Y o t&;,, ltsngte&grﬁ%nat |
fluctuations {(gr assaept-,thﬁh f:amaspfmg Hzl mlawiembdn admgxélwemhmuepalmﬂaksl n. the. .
spectrum of the swepke sre 'S@ffo_ll'l' [frequengy leldefeWé e ated. - -
within a freqéncy.! ugf(?g:g‘?‘getﬁ“; r‘i"'he% §: ‘g:e‘[}?f:r'?gfé % y‘%@ }E?tléhat On -
any one transm SSi Ogbnkikithgof fipLIOPEAhd SHREWhif hibii Ge aREfaie eubaﬁmmtﬁemme :

overlap at any: freqmaﬁyﬁgtmz; whit:lnts mﬁmte_dmjnhlvomuh ﬁcdnenqya:lt){ I(ZQ%&O Hzo}/erl ap
occurs-first when, 'in Hg23shew WSW%FJ-.. O

repetition fr ééuencgcl'éﬁ e _'c fuf‘ﬁggve ggiss : '_ e T ER |
25 the hi ghest g béie bF tht fht dt.ewnsquewyamaa Eonefuctibi-RR| . |
anal ytically, “overlap: By25pmc¢ssnsmlluht9rth _ ..'naqmnmtl%‘sﬁyh ﬂwum@m?t ofed for

[ERR], and expr essd&ﬂ?&%s “@E&an ée achl}:}e.: |

_sweep o ['to obtam further si
autocorrelatlon function. T




[ERR] If relationship (34) is obeyed, then overlap is avoided in any one
transm ssion for all frequencies bel ow an upper frequency limt, [ERR],
where [ERR] A series of transm’_ssi ons. can.then be defined, where the val ue
of [ERR] for the [ERR]:; 35 “transm-ssion is [ERR] for the imediately
preceding or [ERR] transm ssion, thereby 35 developing a continuous set of
~=S\eeps whi ch extend over at Ieast one octave in extent. In general, nf
transni ssions afe required to achieve the octave.coverage. As will |
trans# ssions beyond t he -octave ug-yggm may be- desired for- addltlon___.- :
. spect rum snoojgh a..a...wre-n—-ha».u-ug_r_é.ae tT on
~frequenci ebee[nl:‘tﬁlafng:sHSéQCtloné’sf:—J#@]ao {%\ @s 'Q? é’é,% §E’F y fromits
‘wej ghbor s. Sa6p hewemins Fighdp. Hewafptltﬁan& nab ctrﬁﬁlrlbee?:nécr Qiuave [ERRI
transgn ssi i ﬁéﬁmj‘& ﬁ)ethuded bef ore the ERR transm ssi o occurs. The
ef-fective @aNd300)6K th E@ﬁ 5@5 flﬁfﬂls fy twigg tpépslst evehts ndepgndent 45
transm ssﬂirfichnmomersw pé(NJ= épa"srelrg ﬁra ssons the .

aut ocorrel%ﬁ%“’m#%\‘ mﬁmstrzdfchztrmersﬁd; Mb dutat e %ns. Since the

. summgg i on ,Qréfg%lggn ed ping th e smallen, hﬂ%{evm Nptcalm thertbtara‘neﬂ;gga nces that

Aeen,

. ot her wi se | eathéraydthic’s fj ?n 5‘% cqypared
el i m nat edelmqmg,pém tc ay?’?&ca bﬁl anzfggéi ore co, f:ﬁ&

-aut ocorrel"’é‘tf‘?‘ﬁﬂi’i‘,fIgl Hﬁ%tga;’g{rg §S 50 as' an | ncrease ‘i nrf t %ragusfransm ssion
ti mei1sy  ( nkaddd mm retIEOIcyheerehd of a _
transm S idorreaie with A loR€rapd 1d§ i :f%&t%:—lfa%gf Fouledthat 15
transmi ssﬁB‘h"af ﬂ§lle cx ﬂeclq‘mltlxmntrgl s@ﬁ&lrﬂe &at@ d@z}: %@éﬁ‘ﬂ‘ap produci ng
format or ?ﬁarﬁ% igterfy aﬁdemohs | (8ra$) ttthatSQc amyOfthd hi s. case n=6,
and.%or om teh&n n be elinf f“iv?#.‘;‘n @LE{" &P oA %«)f lmbhlsse listing in
Tabl e 4 b?:!sewng shaolnt an;nede trafi€niss éﬁj %%’ g eatyof t e
i ndi vi dual Hr’gﬂﬁ' QYeé‘ efr¢quencgup &t afbﬂamEnhtgme e\M th the
conposi temﬁqi a{&sﬂ%&ﬁq %Haftsglmlo ke Mhrhdrn(ml)c o'fﬂie15 Hz 20
1, 579, 841 the lughest repetxtlon frequency transmltt::::i)mcl eﬁxpres ,%(ﬂ "b'}'?mox{ 15-25 Hz are
provi ded &fcutywheand 1/ 6 anpl i t ude respéctlve } g YHatY oY) Fthay the
spectrum It is to be noted tha} none of " the har moni ¢ bands. W thin the
i hdivi dual transnissions of Fi g% =3 Nover | ap bel ow 30 43, TABLE 4.5

. -5 to 30 Hz_ Bumtien M)nﬁdyaieadleWfoﬁTﬁ,ﬁlrﬁRE; %ga ?snfgﬂ(( Qr gverl g{ﬁpl ng) Band.

al.pr ocessioar e

[ ERR](Hz) meeﬂm n [ERR}(Hz ?Sﬁsf (t) (See) (a)
, ' 1 PIRTRC 33 b

-'-.1 530 3. 33 (c) 30 _fH L%_f 4 (10) : 2 5 _ _3 33’ 10
(d) 30 10 .' 15 "Bt - 3.33° . G4 - 30 10 (e)

15, . 2.67 Total - .16 sec. -Enpl oyi ng . the sane
sweep rely j"dl}gl% anf HQ]Ohﬂ)@ tMQv);lamharomwﬁthn&bﬂ@@axﬁﬁﬁsxéﬂ‘ose devel oped in
_ the ri ght ha Y -anHRBerdreguency limiufcwterot her sweep 15 - prograns
can be used with dlfferent sweep tiemes, as required. I\gge that with the 15
| i near periqd noduyl ation of- repe'fltlon rate, the time' each

tragsm S ghi ii%?ggg “sfo‘gg‘ﬂrﬁmu ® bedefined, erethelvﬂuG&ngS‘tfaﬂhe lthTABLE 5 5-60 Hz

Bands Cedeve ,thddeby 3
A\a/g SEne;g’W?‘g% g:'?;?:fm*ai‘ ?ﬁ%ﬁﬂfﬁhmve he odk %’ ezly o HZ) t (sec)

- (f1153) gifionaty :&?an‘ﬁ,’n'?"'”m“s 1i#30nd the datad® rangd oy be desited for 104,500 2
I . 60 40. 5 C ll" tl'ansmlSSlO a lng repe s f m (l) : ) 6 00
10 should e prodedsél I ﬁ, %‘  where f st sf 4 40 60  6.66
Wls@s fro t]-g Ath tsep e y from its n ﬁgﬁ that re tlon Of " 8 '
g - . ‘if s n rarisfhission must bé : Qibef éﬁl)m%ﬁns}mss h50 000 143
L9 2’1‘% ve autocorrelat : ' : S
10 45 trans ﬂ:éﬁo 8DIOZerly aléféa ion fi e n tof the@ompos:te set of ndepéhdént 10*

on - proces:
incoherently, the phase interferences that otherwnse lcad to the raIr)nd ﬂui:tﬁaggrn:

l_n th%hcoher:rlxt :;rocess are ehmmated
¢ penalty for achieving this i 1mprovement in the autocor 1 '
| 50. | ?l:lem:ll]‘gasgfmatlg total transmission time by (n/2)T,, where T, éetﬁgtt)::n?gggggel: 50
_ tranemd (Of a 1 _ansmnssxon and the receptlon of thc last arnval from that
" Consider  the following example of a n
on-overla TO '
s sequence, where the bandwidth is § to 30 Hz. For this ;::age l:i_ug ll;‘zlj(}‘;glr:t tl(:er '
55 recursnton formula of Equation (33), the listing in Table 4 below is obtamed The
. :fpara ¢ spectral barnids of the individual transmissions are illustrated in Fig. 23A —
ong with the composite spectrum. It is to be noted that the band (d) 10—-15 Hz

| . 110 000 f8nction0f the indivifual tran 1sslons Szgig tkf u 0 fhe autpgo ‘pgarrclation 35, 089




30 9 60 15.0 4 20.0 5.0 10*

58, 333 30 10 60 20.0 3 25. 5.0 6*
45,000 At reduced energy Table 5 is presented for non-overl appi ng bands
running from5 to 60 Hz. “The basic octave sweep from5 to 10 Hz takes 6
transm ssions, while 4 additional 35 transm ssions aré used over the.
10 to 25 Hz repetition range for spectral snoothing :35 These |ast f.our
transm ssi '*;are at- reduced spectrun1|eve| transmissions 6 and 8 bei ng at

1/2 level, |\ gy 3, and 10 at 1/6 level . For. psﬁlsﬂear per| od rmdul atlon (LP |
sweep, t he r euocet d @,ﬁ»ggq d% : , Smaroua
time durations as f f' ‘1“ %ﬁ“&m@ &t‘ S fla

enpl oyed. 40 g“{ R%P%&! '%Emﬁﬁp : ,
40 [ ERR] 36) each transmission .

i s nominally 10 seconds.in duration, exceﬂt\&uﬁa‘t the | ast 4 may be
truncated as above noted. tomazmgmeeatgbbci Tramsmissigns Mdomsdverlanping) 0 that 5
depicted in Fig. 14. 45. Band. f,(Hfief fmem va(Hat A.dHZb\/SaYeenﬂleaﬁqnl(%fseél ght
sweeps of Table 5 is about(d® t o030 Th-‘e &5 svge th the 3Hast power is
sweep over band 9 whose, rreg% 1 eyl of sveRp 6. This ‘power ”

ey

variation may ke acconpli siggd:. a mgwerg suppl y u§i-ng’ accygjul ator energy ig
storage. Alternatively a d ferent sWeep for @5 may 1Be used,2.6fuch as a -
| ogarithmic frequency nodul atjion w th anplitude #?{ i ng as EERR] In thls 50
event, each transnission i-s nmaintained at consta; %ower the - . :
transnission time 50 \Erdpioynhftl{él rs%@p &aﬁoﬂﬂ&h.awan-n. eQdGHpttlnﬁésadre
feature arising out théseidecclopee wihos mﬂe&lmin bDTabde PLOS esurie other SwedpnCe
with the i nventﬁ on i programeEc ﬂ’Pl m F?ﬁ“&l‘e@lﬂﬂtﬁyﬂvﬂtﬁe 15
etlme x

21 ) linear perio modu atlon of repe or-each trans sion, except

t at, lt
2 formatlon than as hetrwc od las oeH‘]s‘:sonne vvave Vi bratory generatlon A

fundanent al reason for thls |s presently thBIEE/&d toreside in the .
i ncrenent al - conpact i on. t3a60 Hanamﬁmemdlby lorl‘radsmssmuﬁuceveﬂmmd)tl ng in

i nproved coupl20hg of ener t hi sequence er.cﬁuntgy :
del et eri ous effect on. thggé gfngfz) @Pessi“ng g'm P(% yp‘( ) Vi brosei s .
contact will involve.a cor%p ﬁove 5tﬂ"as lfzorc%féf gﬁ b e agai nst .
the earth of, for exarrpl e,3 30 dsm Su e npgsed mpon tzbm)

conpr essi ve fozice Is-a tide-valyi n aﬁorco of ,7.89ay0.820, 000 oum.a@ pea o
anpl i tude. The .i nstant anedus f rce Oher for<[357va s 9o vaI ue of -
10, 000 pounds to a peak v Iue 00 I6bs 12 on4 a} ter| als

bel ow the base plate can %0 - 5oexh| i asti mpsgargong 304 f fnss,ao(to 5
plate, with th3 inpedance %bei g | olfest duri ngo 1050he p@"rl od 5883hi gh 30
I nst ant aneous force and hﬁog du?or(hg t He p |od5-9f 1 o i nst‘éﬂ?oaneous
force. This tinme- var*yén& réﬁedance contributes to-a distortion of “the
transnitted signal ¢ AUt §8°Bher gy fromthe avail abl e power at the.

fundanent al frequency, hetsmteseﬁmwrlnuebveﬂ&ﬁdmaa&mhemimrdamemm» TROWET "
conversion 15 ef fhasi¢ optaye sveeen fmﬂtoaﬂémm ﬁzmnsmxmna.m@ﬂeﬂ onad

S d
ot her freQUenc9 regﬁﬂE '%:} 75 9 lfgmr?‘s'l%‘;lli ?g{&w@mi@ B’g;ﬂgf"t’?ﬁﬁ{‘qllao e angfg Wi I35
ng al a

contam nate the sei and 2\ n (LPM) .
background. In the csasqa, afesetde@daolevelemimﬁsionec :wecxeh by usifig] thesaxne tith e

same time-varying prcas fpestransmissions 1, ﬁm‘-ﬂ Hue duratiort emplpyede -pover
conversi-on prof®ss 20%'“’3&‘5??‘9’"52 m&éﬂa‘a"g EMsi ne-wave ‘case, nor may4o
it contribute as much to. 20 background noi 3e For uni pol ar pul ses, the '

maxi mum i nst ant aneous corrpr essi ve- forcef.aﬂg}—be—bet ween. 100, 000 ar(35)200 000 -
pounds force as contrasted to.the 50, 000 pou'ﬂﬁ"mam mum force of the
si nusoi dal vi brat or eaWt}J?:sﬁnﬂﬁonCi%‘S?ﬁﬁ&MGsécbﬁfsn eﬁ:‘?atf&ﬁcé%epigﬁﬁg{sﬂm*&la%@r

peak force, better &mnsm@aﬁwvgyote@up I.ng_can. achi eve
hi gher peak forces ari §1m gothpagite spectrum wi bbeaslmﬂarrtoehqbtdbmeed:anﬁseﬂu

tially 25 Fh yield "g Yef d‘f%,ta gnspof is te.45
15 the'placor ool g@gﬁ PR By Hapall ’2,5’ e

he

beI ow, a nore conpetae énaigstmo@dga Anbrﬁdtivapfa diamswe &pifofg) Ynay:- euséder m.

"refusal " -is nmeant au ratlom@mc ﬂrmusnverqu woncwith amplityide varging assfe"? pinghie. or
other probe, i Vet “@""ﬁ%&s‘cﬁ‘% [ aficgnstagt power.dyyt the t“"‘ﬁB‘ffs’%%“E‘E ent .50 -
Since the "just ref useam ﬁ@ﬁ@haﬁ Iféhkture Mh ol kHi B f Qkudhes’ 411528 bulsed Gn

advance i s observed acotmganaéMttmﬂ\emﬁmri mbre efficient saupliig of seismicienergy td thad
condition, it may be desirable to reduce the force anplitude thereafter to
obtain a nore linear load. In this event, nore of the energy can go into
radi ated seismc :



energy as contrasted to near field internal |oss nechanisnms. 35 In
one preferred embodi ment of this invention, such force reduction occurs 35
naturally. This is the cas
constant over the sweep of the for ce pul se repetltlon period. Since the
- power is the product of the blow energy and the frequency of blows,_as the
epetitior frequehcy increases, the blow energy nust reduce. If fhe )
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the pul se trai n for const ant pdvﬂe9,s41t he bl ow 40 energy nust hgl ve in this
sane timeg, et G Ce DUl S ITyde woul d be
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i |l ust ratamlearing ks an mzz-@aseirhem amtgxsuﬁd) e system are i nput pul ses [ERR]

whi ch repr es’grtbe 'Eah'eofdbtsnmierdp% ?@me’um sdqueneethddamesimaivaymer esul t i n the

for cgy pul sgﬁ %mc‘gﬁ}g“ tﬂb%ﬁ% defipctfrom the LA ) ‘E’E(“B’B“ prosessi gnal IeveI

such or fo%se FruRofl BAl én?a‘}ﬂm'?.a Eldldde condPant

anpl | tudefoi'@nmb hétwemlOQOOOanezntm&med éacb sted tcthe pogose anplit ude

vari es fregug léat'e’ r‘}i?f F‘h@ the gom sents the force
pul 55, i AR #ﬁﬁ%{&?“% “W%%f blgw i-e.. by
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the next ialyMihgloft the sGEfHISERE set g of the base e AGQRé I's [
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genegsat or S 61& o Yr bodlm of this invention, such force reduction occurs 35
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r esponsi v@am,(;hq tmalingag ;amgymmtbe gary qgl&rly%b Fiofis; smae therppectrum of 10 disgpl acenent

1
sensor 11 e%t%g@rgg niro lm @%g CNner T l‘zwgﬁ]ﬁ% § z6| OCI ty Of the
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[ ERRP t he, ; aven ‘PFGWKAFWB? naIfO"EPfte al$0 i nputed to
the timi ng,,ggﬁg;gﬁ%f &a Q'B y 55;’ ﬂghitéﬁﬁ §4p§nal s-at instants
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negative level, or [ERR] a null or -zero level. They are arrpl ified in a-




anplifier 170 and applied to a servo valve 172. As dictated by the val ve
control signal [ERR] t he val ve 172 has three states nanely a first state

3 econd
state where the vaI ve ports are closed and a thrrd state where the val ve
ports are reversed fromthe first state to 30 supply downward force to
t he hamer ./ Thye servo valve 172 may be an - 30 el ectrahydraulic
val ve; whi §s part of the control unit 50 (Fig.-1). A comrercially )
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is identified as thHe\poftar[t,lmw bbrsmmbietl on’ of: e outf ut ‘trom the ‘conpar at or
176, since oneoof th eerrtoru 1§ !?t@etaﬁéﬁt ht %ﬂtehsésﬂ P§F 0 whi Le
the other is g’rsound ;% ydf\ﬁ?‘e "ffd“& ezero
di spl acenment is repécﬁﬂ aah:earoobswm h€\é ewhen theh rh@bound
hanmmer velocity [ El?da}areeiablerselocrty ais t predicaverd ulba{t mwd@fce &lI?R in rﬁm}wn of

measured by TEGNS i ntg al lem sm;pwlgphgr ngf wh ém%ﬁe lseg ato
the timing inePant (o in lst aefsmqﬁ 2055( Z%dz e
circuit 178 then saﬁfmrasiewa aaﬁmlm mu ryw figdYeCdnd [Equdti; s(rleboun
vel ocity of the hantheeush(19). e thetimids sdvoxator d Aviz; the p: l'etl)eten?n%fetooéﬁ& d[ ERR]

i s the slope qf thegﬁégﬂirg‘rgeegam' 168&?@&%?&‘@% o derivefaese sigga TER’F‘\’]‘“““

65 23 . 1t will be noted as the description pro%eeag ﬁat&ﬂé—components making up the
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i ndi cating the tine gy ehé“’ﬁ?%t}hq“ 4 33 _esgaRyl f%ﬁ‘tstﬂﬁ@ _
sanpl e and holg ci r& Ellg::ﬁE(L E@Jxﬂtrﬂl l&qlé é. fi r¢d€i t1 cﬁlp?M 50
control signal [ERRin thJ @r FUdrT 186 16 e tﬁau anfifter\W&oc al &,. The

potenti oneter .180 bamm cyde. lmtns tvmahamrrhal-oﬂtﬂt ameé' 2whig hEsshown |F1g325(b)f or ce
pul se anpli tUde) fo 1?%25(:%?:: ?r HY,Fhij' s antg rmme al‘):mmEt ]gﬁ‘gra or

obtai ned fromg dif HheRtR AR elkbeto: vEQtaggn heitha e dagnal Qze 66, s

The instant [ERR] naéiypldtemem- leoeptm.s\aﬁnllm-éfebéﬁﬁrsmfﬂﬁhﬁ .maﬁgyasaaatpmﬂwesr gnal

[ERR] and the di ffetrerrsttlpalof rmté‘rom lommatsrsl y sificr ond ofrthe differeatial
follows: [ERR] 10 "'FI’“‘“ “ﬁg\ ﬁin ‘ﬁ?"g (f a4 in
the timng gengrator T-Hg e nd},%m sel&u ebogr ty so
signals [ERR] is i nmeastred by meaus ofravnmbie drhplarahtmoml hmfmgaerveﬁta Stheo

provi de [ ERR]. The tifpig allstaﬂtsT Wb'éh d|frem t oere o 76eT '_L789'°§o as
to provide [ERR]. 1123% %}l &]fﬁvi E ‘éce el °’t Th

a sunmng cirgyit lac tagu.artﬁher-ggt of the- surrfh ng ci rcur t | s 65
taken in a 15 square root circuit 194. The square root ci rcurt 194
output is summed with [ERR] in a 15 summing circuit 200. The sunmi ng
circuit 200 output is divided by the AP signal in a dividing circuit 198.
The dividing circuit 198 provides the output .



proportional to the tinme difference between [ERR] and [ERR]. The constants

indentified in Eq. 36 are accounted for by gain adjustnents in the

i ndi vi dual conputational 20 - - nodul es.———

20 To define [ERR], a one-shot rrultl-w brator 202 is used. The one-shot

delay tine is set by t he output of the subsystem-184 taken fromthe
“—di vi di ng circuit 198 and appli‘ed to the control or C input of the0on

202. The one-shot delay is initiated by tHe [ERR], signal which (ld: Gpplied
to the trigger i nput T thereof . 1 Aggdingly, the 25 : jTovi des,
at th T om ' =-"0" 25 to
~a logical,*" gf B Iromf there tinme
L_determ neﬁr‘ﬁymﬁ %gﬁﬁ%ﬁ E% 'WE@ ,&fsf‘%?g) '?:]: | caI "1" to a
| ogi cal "$nal m: etuamm@,amnal adt%s ﬁcmum enkig¢ zero value for
t he Vel ocli.g.yfose Rﬂ}ie) fbt thewaatcutahpldselgcs«am 'lthhaﬁtP &utnel wal ve 472 can be
returned § tg‘v rgf;g ech giice "@:G 182 'f"ﬁtl 15 . tzf)t ai ned t hrough
" the use tffaem Ssifelig wm HhustiRit e‘aé“’aﬁ“” 3’"‘vef ¥y signal [ERR] to

zero (ground) The corrparat or . 04 prow es a |l evel havi. ng a transition from

"1 "0" when [ERR passeg t hg n [ nvert| n%@rrpl i fier 206
I pI’OVI des a positive sqgl I"‘tt"a‘ﬂtgltep‘ﬁxsrva 0" t the timng
. instant [ERR]. The timng i nsta [ ERR] as seen in Figs. 25(b) and 26,

t hejpnst ant ea(ﬂatbntsbeu%&ememedmrm stér® 194GE B Simila@entAVeRIIS Y Sqpas to

gener at e thiseubsgstém 184 dr phdund. veldaity signals3®, islisvertpd v adinvertihgRR] at t he

i nst ant vm’eﬁitl alnel)ﬁef V eT CEFFHR 1lbé$mlle¢tpatssuﬁ§lﬂbw ded a del ay
[ ERR] af t% mf ‘I%F %@ uag?roog% g Mming circ ieteo %rl‘; ts I:F so as to
stabs| i %q eﬁl@ros 91945 s@@r@-ﬂﬂt 12064 hthedwithe-V, @ a t he aglj ust nent
of the hanmmingirclov200/Thd sﬁ:‘rhlhih k eircuf t Ebbdutp m,ﬁudi,\hideda IESAP\Mgtht he bl ow ener gy

Ze%ﬁ! s[%?gvég“gﬂmg csimec Cg ﬁfggﬁgf qu}j’gfgg?,ﬁgi g&‘%ﬁgﬂﬁ‘%r fall tinme Tf

f or 2@ach correcte the senseq ues of RR] 20 and [ ERR],
and subt ractﬂordgﬁﬂett&,,faahé-sltot melnfvﬂb)mvazotz isusall. Tigd any-sHot deliy tie is s a f i xed

- interval sat ?he B’H’FP t#e é84c 1"[ _ﬁ?ﬂ@%‘d F uit 19 r%& the force
pul ses ocfth ik"% §§mj% %ﬁs' “tht he only 45
con%querkﬁ:esltcﬁmto ﬂés,it dﬂhﬁetﬂ% ﬁﬁﬁpxﬂs@@séﬁmﬁmm:ﬁ lo@m li“ne delzw T later

<« than the tM@mh‘tlt’édvel instem 'Rslrfplbctwedraf rthatidasftnmemetdmmsebotthel si gnal

gener at orsuaggem ik H AL ] g. 24) The
~ fixed del\_aﬁgﬁ ucstﬂ{afn ﬁg&% “g&’@a Fgfa“ho%l@g tﬁ@%&éﬁa}“? .hammr fall

t | rri,O Tf iciord a1, Ay olitain®d theouelk the @ssefG caﬁlpﬁﬁtor 204 which compares the

veloclty sngna?,V to ze{o”(groun ). Thezpmparator 2,94 pr af g t i me may be
der| ved fJ eﬁ;’?ﬁ,& bﬂr 0 ﬁgﬂ% ‘;%15.0 ﬁﬁ&m%ﬁ%ﬁ 17). and is

gi ven by therhp gy 1h§t J i )ﬁs Figs. 28¢h) and 26, the instant when the
.1, 559, 84 hammer i is accelerated downwardly 0 as to’ generate the neZﬂfoﬁqemg}stag'ley, t % desired

del ay ti rfba'ti %Z % S&%gtd;frt’ght &g q.hts SEQEEMS 539 i s
i npl ement EAIHY + yaém o S oGS foF the S o pLlaf g [ 001 Ci T cUi t
208, a dihamghierts dewrtweard ttroxw;s, avhiich Naress twith ghealilpw |eﬁerg5r sigmal e, an@12 and a sunmi ng

ci réui t ZMaccfh@tls &mee'»l the . ner for b eveI ERR#0is 5
derived by ﬁgﬁ ;ﬁﬁﬁé‘lﬁgﬁﬁt % Sy okbe pressure
di f ferentg ed'd@laS' MIEE G R G A i aEbr éliﬂtrbfpuﬁ anged in the

« i nverti ngSipdeitlic fercezmies&nd:ra dtieliylanertltwtlmmmmgumsrmamly 214, wherein it

4dded qogseguq w,uth ® Gigansmitied a timedelay @ daterthan the T 450
The out e, Eﬂ%f aétm ,frw TS TR Conre SR RPeROh L0

POIPEHEY and sets the

- delay tl'miet“ ddels@mrms orﬁuhiohs(maél@rtm&rﬁ,ana'hehainhtetmnbrator is
tri ggeredan,eahﬁdtﬂﬁRR]le pwlxstessemab generat es the- [ERR] timng instant as the
tragbsmlonfrom 0" to " Eﬁ@? ‘level at the outqy.{) of theoone shot
2167° The "dither" signals at [ and [ERR] which creat'e. a serfes of valve
openi ngs' 15 The hammér falvime alag bahdeeibedcfroms ahé kergyarciaionships-$deeWl y nove upwar d
or downweffayatiang 14 ands 15 apd isetiven oy iy erieeoreraliyy - for bl ow l'evel [ERR] and the
accel erating force level whichis indicated by AP to determ ne the. desired
drop height or hamrer stroke [ERRWRR] i s determ negn by the foll ow ng
proportionality [ERR] _ ) (40) 20
The necessary adjustments for "dither” in the hammer height is obtained by
20 compari-ng [ERR] with the hamrer di spl acenment signal X and devel opi ng
d| t her




signals of duration equal to the desired valve increnental opening tine
[ERR]. The sense of these dither signals, whether logical "1" or |ogical

"0" the ' : i1l be open in the.forward
direction (the first state) to 25 provi de upward acceleration to the
hanmer or rev add to provide downward 25 accel eration to the hammer. The
desired st M RR|] is obtained by dividing the energy per bfow. signal

[ ERR], by 1 P signal in a dividing circuit 218. This desired drop hei ght
[ERR] is s raqt ed fromthe act ual hamen,sgo.gpl acenent [ ERR] through theyy,
use of a sunm™mg crrcart 220,30 . . _and_ an Tnverting anprrrrer Z2ZZ. e
the desired drop herAgFRfd'P%lY’rtB%téﬁé'ﬁd E“H%V tim)isqi f fer ence signal: fromthe

summi ng circuit 220 becones equal - "0". The, r‘ﬁe-rement al dither si gnal s at
[ERR] ahd [ERR], which are digital sr[gnalrs a evgBt ai ned by a ditfsgy signal
generator 224. At the input of the geherator ‘QZ4Pare a parr of conparators
226 and: 228. Positive and negative reference Vol tages [ and [ERR] 35
establish a dead baﬁae enlasignshiboexp % ﬁgﬁm e it b§$ 5 R astsy

Soni ng i rouits 3 SR éﬁ.ﬁ@é’t bR “r%ré&“@’e‘?e :
negative, as is greaéﬁfedb cfﬁﬁlﬂﬂ,anﬁsﬂ fled byhe BeBRA dfddéntid or

t he conparator 228 \mlhlcd Wmuaal%ﬁhiﬁzn ls?ﬂlrmmdeladhebamdtlmnma‘gesll% BRR] are
sel ected to be Iarg%}l’a‘l‘ o IREIRS FiRe avhensin iy sadded do;a leygl g correspanding ¢p
(alternate raiging an &ﬁﬁ itiorithe Eﬁiﬂm*ﬂ@m& iYtopdHiSANo) 3h®sedthe delBOVT 19
and cause unnecessarume\oeadsde-shst mulddatiratot 218) The nedtiviratad i ered by each e pulse 40
The di ther system 22 sretﬂ,ﬁa &hpaedlmalhst@lt e trpngitign SomA0T teg'13 insbe lewrtate qual

to one-half the dest 2—(5 digh Sle 8
signal s are apml i edahdrdv cauwt &%ﬁ'@m&ﬁrﬁpﬁt ﬁﬁaaet%ﬁiwjﬁg ype 15

230, 232, 234 and 23&1veAhx$ngthe bﬂweft)ﬂblo lewlce andatheadcelemating foxce leyelydiich ims by
appl ying a reset pufiigicated déibADt%"% lefm‘"e desire algg‘ﬂthe%\‘fé’r"ébmmffn‘é@k%ﬁe\gv fo -
sinplify the illust SSETHRSe owing proport nsider ‘that an UP command to
move the hammer upwardly i s obtained" fromthg conparator 226. A first AND
gate 238 is then enabled and conditions tfe—f+ip-flop 230 to be M by the
next clock pulse (the fi rst:clock pulse in e di t her sequence). -The Q

out put of flipyfl OpnggeéeSsaﬁpmjﬁsﬁﬁ'antst for Odkeratin GR Bafer Abight &lotfined by 20
enabl ed AND gat e 244mausmlmgrx Gﬁt &tedxaﬂﬂ&r disolatdmm signal fantt mevedirpmgednther

ﬂ

anplifier 170 50 wsigmls ?‘,m,,

val ve 172. The AND Fe: Fﬁﬁl‘"‘b’ gg“g@are] .
and [ERR] by mgans ovﬁle phw eOpkHvaU&d &6%18 25
240 thus provi.des tlae:eLdFauomm tlmlhadmteher sr(gnal S - :

flip-flop 230 is se f%‘% ,gf ‘%10 I‘1§l“‘l %Y‘gléﬁi‘h 1ss ?48
55 is enabled. A & dig Sé%e'n&éﬂﬁ( Méﬂ seof sum iﬁé{a

i nhi bits anot h&y add an inverting amphficr 222. 'When "the desnred drop helgh d the

25 AND gat e 252. Thdifigrenee enam gbfronf theysunraing i qu't?brfm P’é}t e 228 '
'S e €0, i (R R o i B e B e
generation of confl 'c pdislo SncC D! Boaltive bl Adgtive ¢ &t\toﬁﬁgeg-Q»E

precaution agarmst &mbhs’iﬁfdedewnaleqﬁaeu%sathnfthe\:iﬁbuwgrmDMm tHe sﬁhﬁhingg:rctuhte 3
di t her sequence. 220 is of Suc"l'ﬁea!wélkltde, ?%wese h‘e’« ewetﬂhettbeﬁeﬁldse in"

the dither sequence popagigr] f ’E ppl i ed
to the negative Inpviﬁ‘{g%ﬁg};m%i a&gra é ol abwos mama w’,’%“ e 254
and AND, gate 286, and;cmsabdmedessknyw ) islsebspd hallycbhinatawden ERR and 40

[ERR] by the latch 246 @eam;le% @}) 3&?%{ 1ocpc 238 23{%%%“ f"{ﬁﬁ? té

pul se period, the N@eg
the Q output of flip- bi Aqm,f QHicialy Ssel a0 BY AgplyizAIiRRE pillRIto 2

continue to 185be iredai hpmeuerbgf (hd:teshMDt mphfszm illikreti@dcond- cI ock

al so resets the flip-fConpsideth a é}*’ B gﬁﬂw gL sﬂ #ﬁT‘
. te 2 i

the third clock pul gﬁ% ﬁ? tﬁ?lz a’ﬁé@é@ éiapihfa o it el peur ti]'édlrreﬁe
It will therefore bee abut oFmig-fe 130 lissdpplitd) oqrgu aae) mte
servo valve 1730is F;_cg;b:‘edA Das@ﬂ#‘bdld\mmsﬁr%?? tg(ghma €)a he S0
second cl ock pul se pPygadesu Ty %f

increments [ERR]. T r?n thenml mm Rﬁfﬁ;&é?h% cdﬁﬁ%ﬁdr er: at hen -
downwardly to "O" vaichrty such that the vaI ve can safely be cl osed Thi s

conpl etes one @bt her savheamGenop 230isbdi heNDBite FBYS iMPbitEAVASbteR Al pAgly 55
upward. At the end ds$enabled.9eNOBmete,25Q i reéeives 4 logiod “P'3Bveél Fhich inhibitglaridBi2r have

N

returned to their reset states. If the UP command fromthe 20
conparator 226 is still present, another upward dither sequence wll be
initiated and the hanmer will have noved upwardly during the next clock

pul se period



when an upward accel eration command [ERR] is generated and then decel erated
again to "0" during the succeedi ng clock pul se period such that the valve
172 can 25 again be closed. It can—-be-seen—therefore.that tw ce the
clock pulse period is:-equal 25 to a dither time increment. Thus, the

~—~hamer 60 is caused to nove at a controlled rate, stepw se drivi
£3)

.successive dither increments, until the desired elevation, and syi=gRe [ ERR
is reached. Then, the output from both cofiparators 226 and 228 ax&.¥ogi cal

\g’at e 258 amraanmpheqnﬂbdﬁﬂg gai eccodfrOL sighBle. BRALE}? Ca@n?g),f §Y§¥ i gnal s at

zero.3Pevel s. 30 The dltheswsﬂquence which will cause t hamrer to
move i ncr amgnkal b ! ower TiTe mmgﬂ-vogﬁei ned
t hr ough tlflerdbgemﬁl{ztédpiggﬁnﬁ mﬁf?‘ibdrﬁ% ﬁﬁ@”gm?? bs % 22‘5252 anot her OR

‘instgnts enext :‘ 3 Ei#%/;ﬁf@bb@wbd@xﬁﬁ e ﬂmrertséa;ee di t her sequence)
n r pdsd i
i's gener ah@;ﬂzjzn Add t n a% 0 theggegatl:\?el%ﬂ; of tlsligdfr?\lg '8
« connect i oampiifichi78by Way gate 256, which enabled ur
35 The cofePpstio thQeTk}m;sbﬁﬂlctlhbmm ndRgothst e servo val ve

—

172 jos obpgigia 0 th 5§t®élV¢shdomme“ls’hﬁnut& via the OR
. gates 242bainbib h%‘g& j’g‘gck l:’FU’amﬁ‘Hé% tlBlep 2021@utput is a
pul se havZ&ngdeade nﬁin ik Be AN tP resERne BRAoPr espect i vel y.

This pul sg i gﬁ, b’gk nthedithﬁlkliduéﬂ-e the mgaroszazzmsearlmﬁ% From Fi gs.
25( 115 andprédnted tlﬂg,f r‘q}rggrtlg'%c “’é'bmrtﬂd theoser\tOh@lvemz wal ve 172 begins
bet ween [ & coaith 18 %ﬁ e amn"?‘;‘@?éﬁ d inla forward
directionh aamlerabe am&ﬁﬁldb\en ity sﬁ& Gofigct to the piston
drive arq% Iptés|on dltherfstuuexesmtbtﬁkrhme’i-he hamrer "in the

upwaod di 4ngC 3quwe'§:aﬁﬁﬂly [‘: : %{ﬁgfages I‘iﬁhef I\Fa’ltb%ﬂlmﬂgmﬁorever sed so as
to provi d@nfpanatoeazmia stld present, %?B?i‘
appr oxi ma& E@mewlldr@vq yloveBetpweﬂlﬂy er,ﬁ d| t her si gnal s

are: gener f&{ A cc qg%é?ﬁﬁ%lsigen% é@nd gtten ratbthe valve 173 is
- opened agm:ﬁbbﬂh& 8 A ? iafown t o i npact
posi tion. tOIdtthﬂwme[ﬁHa}ena N o Joc m%éﬁﬂ éo%ﬁj W d 't o

provi de t @R}Eﬁggsg@thvem ememtst thml iheaeklreéaevatlon, and The flip-flop
246 is s @sz;rﬁ'gf AethcHeh the ovtput €D ot sompargters 226 endo28 aeenabl es the 50

AND3gat e 263hamdha&6que}[&bewm@|$wm Ydisd B Hafln fromth out put of
“ the one i a2 (i, slowehdre e acbbaing] gh\iﬁéﬁsem@ %ﬁﬁ;‘“e ‘nﬁz 264 ¥nd the OR
cQ

gate 242, Lhebg gml25&angnabthudN(thm¢)MSTﬁd1e serve val ve

172 in t Do b fkmroh mﬁg 1 fonthtr i ve the hanmer
" %M?W“"mﬁ o 5@.. e

ogi cal " o:ua e hatidnoof €Heaerve ¥al 2@l € an €
CRgate fé'ﬁ: vﬁ ﬁ es t . aﬁhf}@Rs@.ﬁ@éﬂm{ERR] control signal
i s then gmn@raga o aﬁel ate V‘Bg!F&‘Il 72. At [ERR] t he
f1if0fl opatevidsd ad 2ﬁésEtonng§J 25(dend 6} itwill bels AN ¥l 266 48

i nhi bi t el ffé’ pbatween losans| Tye wheshibe cortel Mvmm is’ @bRfidliEis azer 0 veI ocity, as

det er i nggve eagog He hs:n:ir; é)é%x‘%%;ﬁ'&%g““ rgﬂ “P‘g' f?ﬁﬂ@tlt@vrelmstqnom t he conpar at or
fth

204 Thedlrmem tBen@eﬁlrmah T E‘YESO ignal at [ERR]

n

whi #h r e ofde¢: ate maer tﬂ'hﬁuno:ﬁrhﬂeld t&rh@dloc&y [ERB}; and [ ERR]
are appl t et a m 13 §°%ngfh¢\m§gnmbm aE, thei ght | ERR], whi ch
will del hmﬁu ﬁobiﬁoﬁq;} E@ gdgn t he next
. |rrpact aERR]m eieegyfd a S rngs ueg A TRE R tes 264 and 266

ar e>hgai Rhlft g:te‘;lgﬂb%gﬁ_ tgl'ﬁaﬁf&cn 1cal tr%@u:tupmt leoél tlidhedf emdles et 203pi s then a

ositive level from the Q outptit of
| 0gi cal shbi 202 BN sl 2nd. the O et 2 e

o O
¢ 1,579, 84denerate a +e. control signal whxch opens th 1 F" t?he enabl ed AND
 gat 266dlemﬁortqqem"@m ¢®r®5@h$bdxﬁg&ntshafaﬁsg{véga it % E i gnal whi ch

cautes tHERH St(g mm&f‘ti’ bmell aamesftmrouﬁmthel npags time which

- extends ALQ[Tedn nta&f ; %FQEQ Ofﬁ}éPra@K’ della® in the sequence
i IsI gener:&t'&ﬂtﬁhegln‘:ég;? 246i G}Is resd;:r&rh bofh lmﬂ %ﬁréfzw w mfadeh
[ Sstra 4‘-‘:6 hew the iemm loaﬁy edidil&mliﬂ% %yhlp of the servo
val Ve 176315 manghanin njfgﬁﬁi“ g:;%t eﬂmeamﬂi‘fmspoobo val ve 360

i s drivesgnals asmgp de-nd enbeh, { geifiagithes3: and 364
t hr ough hefsbt ¥gmhehweill de?hvéﬂ reﬁbie.tesaawenefﬁj dﬁ&at &tt he el ectrical

rol ! 513“1 -@m&tﬁ eset tml the AND B3 26pindP66hle\agaim@S shown by t he
dars](%?ed I%%%cgﬁsé{mi ¢ Qoutpy ﬁrﬁﬁl?“%&?héﬁlﬁé‘wn%vglmylbet Pﬁiiﬂ’l dedeédet ween a
power spool valve position 10 sensing transducer 359 and the servo val ve
172 for closed | oop operation with. DC position stability for the power
spool val ve 360. An anplifier 358 is shown in the feedback path to set the
gain thereof. The feedback signal [ERR]. may be sunmed with the control
signals [ERR] as shown in Fig. 24A. Alternatively hydraulic feedback..




15 may be used for stabilization, as by neans of the techni ques
described in U S. 15 Patent No. 3,461,910. The power stage spool valve 360
i's conn ve supply pressure [ERR] and
return pressure [ERR] fromthe hydraulic power supply (22, Fig. 1). Teed
into the supp and return paths are the two accumul ators 108 and 20 1
10. Supply pressure P. is then present at ports 369 and 370 on either. side
of the 20 er land of the spool valve 360. Return pressure, [ERR] is- . .
present at port§6368 and 371 on the inner ggggsy of the outer |ands of the26 :
val ve 360. Whe ) - ,
the ports 368, 369, téwghlg,‘?f“%h'fé‘%%éﬁ@d ;h‘éRrger;'Naf ssngm gg;?tlhe?v
f the spool val ve LA IGARS S ST RATNES SR e Ses.
and 370 25 wi || be gpeaard while ports 3 389 and. remain c osed

Then supply pressure:i sFipregewhich rdfererica ey doewaesmdﬁates‘thé bhtrdl valve Bysfedh sof thes
hamrer 60 and ret ur nas ,E‘l;s upgfjﬂ? mvelﬂﬂ t'@atnﬁef oIy Payetstagé sokvapiest on

62, It the areas of Hi\ RSt iRt %mssm% AR o
[ERR], the driving fGHn&BI nmna m akﬁmﬁ: LHY a
pressure drop 4@ros sfeedbaclpcnnhectmhéﬁfremkwmpro i etdm& aaaowambd'lwelvs pq;mon - 0 -

convention to make t{§BSiAEIF t -for alosgd Q?PP ‘f"&thQf
Fig. 25. If the spoof &;ﬁﬁwgm Wiﬁgj’% éﬁg qports
are opened and [ ERR] wwmbca:&fdnsxgxﬁnter,@ -showh) ngﬂm Aﬁ«dnﬂvtlbi lic. f& sacpovver :
spool 360 remailhs |nma)tbee%ﬂg§rtwﬂpemm OBy wris offthe; fechniges dese@id iBELS. 37015

and 371 are.cl osed a i-S Iocked “such. that, over the short

term it can not m)vrg ng?)pp i 1 9 is pggﬁ;ﬁ?ﬁ lth d?‘bgvldswttehl ng
anplifier (servo val ro th %@iﬁ%ﬁabl y.
short conpareda2to thleo Suaﬁl%téas_t_:m'be ﬁ‘bbﬁt Iaﬂd mmasﬂt of th&eRR] , 29
[ERR], and [ERR] as Q;tmwand of tﬁ«v.gmo V?Breademrn b!-'.l'SJ Shameat noetbal@rvdd

; edges of s a
velocity [ERR], the % 5 mﬁ% neI‘fg'a]_ e -.’I’,%(‘Z 1°"ngo‘ﬁwgﬁ r? g spogl Ly il Pl ed
to insure recovery tiishship) on £ o4 ©RYS o fe-odine g

time [ ERR] can2be advaﬂmdsdoeealﬁagns aaaen uﬂ'xhaadsraediemd mrﬁg 27, bhes W8 amt 370N 4555 .

[ERR], and the advarﬂ‘}lébe)ﬁp ile pogs- ? ﬁOSF'é H\lzpnlymrstrge::V\ork
done by t he hydr aul |g§g§§4 %F he § Q\Eﬁglﬂ ston.
position [ERR]. Thuss |sﬁﬂ& nd &m@l dn iﬁﬁ f&&@ @the' istd

system were | ossl.ess and. the rebound. velomty,_ - eq uaI led the i act

velocity V,, t# svmtchl ng tire T, Wwoul HobdPadehti cal ‘to [ERR], t(f‘l’ére Woulép '

be no appli catlon of - and the, avergscslehehl}logtrs emsengF hasanegal.{w sign

1 any pressure drop acr
di spl acenent woul d \?ecé gxto make the force polarity conform to the sign conventlon of Fig. 25. .50, .
Fig. 28 shows a pul se SRHEEpRbIAEIVE O6D iAW diiyen dovaiwagd, Cieenditembite poits ard Opdnad whi ch

a three-way power staage spool val ve 402 i s enpl oyed.- The three-way spool
val ve 402 connétts via a'line 404 to theF.;*pheP.,)O‘a.w ty 74 only: Th@2upper 35
cavity 74 is defined-in. the housi n%lgmg t he to si de- 407 f the. Di.s ston‘,

i of e e S0 M SSRGS gt B

accurul at or 108. The pl‘Eteoespda&S tims oatl'dlhi'dreulerfbnc&kmmhma ambhifiep (Beiva valhatnt he

bott om si de 4099dri v@d F‘V ) 'Sp1° co ?;‘hml the infonyplphptween 40
continuously to suppl ﬁ? LB JIE (&.ﬁ; ?vﬂl?}’?% it S B L £hee, AT €2
than the top side 407Fglns ‘dﬁ:hSlelt afiGre té e@uuro pittiont O, dasi texmﬁaddl mdothessure
in the cavity 74. Suswiwhiny pmbﬁ'e, 6@ be advanacdaaeer&g-l 25). Ofhe ir¢: t%flom

drive surfaces4307 a{’ﬁ nce) of ] it aecq panied by @e “F“‘f"h‘ t:%:é;’é ?“et he 45

s em to.en he haminer 60 ecover, t

surface 409 is [ ERR] effi & Fr e Uf h@(ﬁﬁ yslefh we ssless a the
1,579, 841 rebound veloclty, V , equalled the impact 2el nyll@. thegvifchiag 8RO, wodldve

402 switches the pr dﬂﬂelcéflrp'ﬁea,\i bmmﬂT@ﬂRﬁ,aﬂ@thP PRRiEe hrcm;xhc
fol l owing forcélstat si’s% Eﬁ ?Q g’ﬁi’u@&ﬁ SDENBLRRPR: 384 ¥FichR2 S
ta a

connected via the Ilﬂaes e40215£rﬁﬂ ed OTS WRREN- Va6l Valve40p ERR]
and return pressure d‘énnefctsomadl lzuipber ¢ Mﬂonly Theﬁprsumity lﬁdbfﬁt&t}n 1).

The accunul ators 108‘h&h8g55[‘§(§68¥§'ett@e idg 407 qF the @is @fsth uppl! Y
pressure, (5001 = (L AR e Ayl o e m‘ g PP
pr esent at anot her PBé bottopBsidel408 ABvelRIThde of the 403 Whith&s eéxpose Eomnaﬁtﬁ.myedges
of the outer |ands crbstumy prajsure id Q2. lthe;nVltyh'Ié B dlerwedrwetha_rﬂthe top sidE07 s |

v € Syr p 7 blysth
Its neut ral or 8' oseg;eab 10 o? %—@ to‘;;E ﬁ% ﬁg?ngc(lrgféesu aces 4 %ﬁ(ﬁa wﬁtﬁ‘ﬂ%} Fi ne
10 If the area of the surface 409 is A,. then the area of the surface 407 is ZA 6




—~—

rel ati onship. The valve 402 is driven upwardly by supply pressure applied
through the line 463 and return pressure applied through the line 464 to
the drive surfaces 461 and 462 of the—valve482—Then—feturA—pressure—+s
connected to the upper caV|ty 74 viathe line 404 and is presented tq the
upper side 407 of the piston 406. Supply 15 ~ . pressure is conti nIy

“applied to the cavity 76 via the line 408 and is presented to 15

<

@

Py

bottom surface 409 of the piston 406. The~hamer 60 is thus driven up When
the yalve 402 is driven domnwar dl5y9§4he ports 469 open whi I e poh-ﬁs 468

¢l oSE: ST T nce the
drive areg, , ala : _ ) isde 4’09 t he pi ston 60
is driven down. orces 20 applied to the piston are as set forth
in Equation (43). : Fot=Ps(2A-P;A, 20 A feedback cennection, as

i ndi cated in the dash |ine FryPide i ded by way of d4Hosition transducer

459 and an arrpl i fier 458 fr%ﬁf?t‘y‘vg_ pool 402 to the servo valve 172

for purpose DC st abi | qtlon or oth tt tl |ﬁ)§t e pEANS MRY be used
ree- &t spdt v 2 is co e he lines

as 04 scussg e I's p%%gﬁm Pl aﬁ\&?‘rhu 21'-? fFom the hydraultP wed i 11 ygstrates a

pul se geneppiy (@2 1 a\hbrugcmnmwrlostaagewate/ee&ﬁﬂoltheseaﬁes:oncentr| C

~rel ati ondf¢ ﬂﬂol%heSuhdmmSS@@z ah s pa fit to the bore
- 58 of th%% e %f"‘(}"r" g\ °§R‘§ts éj section-of the
val Y& 50Z0b lidia ifs heftrat bf Rlo ilo s946 &%9aﬁe ﬁrphrﬂ:[tg\ﬁhéie t wygp dri ve

cavities r’élmorﬁlﬁ "Tht Zali omznm;vemhmrdi ¥ By subpig Decsahi lieberdugles 510 and 512
are couplt "\? 11 %1“594435'#‘ Gpl‘!lfé “t"B“E}}Ghe 'm°4§ ll“(?tsu F~t s of the servo
val ve 172' a(;ﬁig éu CE r%igﬁ% return pressure
from SUPRerSStﬁtElﬁcblﬁfnUdellyabﬁlﬂﬂ éczﬁrﬂ elﬁao hms t&onnee;:t the val ve
172 to thbe bczttqnt rfamj409@tf mllenm*tomé!b Tﬁbflhmmbr:m@s ansadmtl ushown to sinmplify
the illus ¢ valvedi gwang i:‘ ?.1?0451461. he bore 58 to

provi de gL '2%?@"%@& ’é’iinmé%% "t 5"“%”&& Phe fodces Cdnnect the

- uppes  cavipbliedIdBhe piktof breias sét quamtxhgs) 35 hou5| ng bore 58 by the hanmer

pi st'on 530 &@e%twnmn lc e tbeﬂqs ln %’lwmova}l;llby supply gallery
534 conndif eI f:f’mtg@t FeCulal R 1o a supply
Pressur € paGissH1as (f 'S coup ed to the return
| i ngs 106 andrig. 29 dlusipatesoal hleadgdneramr rseu ummnmlsmmatmz il0 25 The

operatio nirig letm*i'fh*bwt %Wé%hﬁsﬂshdi fit tog imlar to the
48 ‘oper at%%ﬁ th&_)félf tftm"ég"%o g:gq’ ”?"E %ont rol signals

-secti
iy
[ERR], Whhe varsez aneueldﬂ% a01ti5m05ﬁ1549a%r éuneﬁ:mtaﬁdtsrtshe pressure in the
val % dr itheoutigtnorts efsthss_e@voataﬁe S22 Thaserve valme YA alseretdiees wwblyend 04 t 30 nove

upwar di Yt E‘P}(] veeﬁ%tﬁw %t?ﬂt?‘lﬁn ge@rrl]éﬁan%@‘fgre noinW}ﬂbc g@s 524 and 526 so

as to sw u;tg God) ressu romsupply to
return. The SlhtOpii'OdE@E)SZO&ﬂd 5213 dré eﬁtemtheaioreasmapmvkib@nns hand 45 | ower side of

'thit;sts%;ggf%jf&& R e e

W

the valve avathmam En aumsessz tollke furyen downwar dl y.
Conver sellipe 10¢hamd is hleovedplnd t5(a4'e1mm chcumniamd&ii&nwardl ~the port 524 opens and

t he¥hammer erlz . quran?t?ree-r\tw W@]ﬁ;ﬂs ni r%i. s1gnals a}’;sl:t:‘t’lr;%e to¥d he desired
di spl acerBffiedito the R0 valvo¥72. RHRA! ﬂi‘eﬁfés %ﬂtﬁ‘é‘ Slies9f®! i tude of the
force pulaag¢siyensstataacsehye vie @ememwup»ﬁadly eaaovtdmnmf threabiae controlled in
t he sane F%Ed&‘épsaﬁ efports 6113 geto syt WFDwuﬁbewdf 30_ shows t he
shafid 1 dobit H LR b é e, "f dapt ed for

I ne (W S r ,g egenerator 55
600 whi ct504mydrbren cnbwarhle thlreha rcﬁ@sxmtllhb 1vem iy iGonvesselyh Fi gs. 2, 27, 28

or 29 i % dq(g da l"‘dé W%ﬁ @ff'e by y of lines
ar ed .
602°%nd ﬁiun ‘%rgj' 8, e{@r‘iﬂm rfo Bt 41 Q;?, Eﬁe s hou3| ng
as the plgesiepattC b0 @ih Ghierafdfe Béﬂeodmn&fm th8 Isghel eare connected to
the genemtmﬁeS@@iFrlmd ahoreri nal s 606 60 o and%& g egnrttatlvel y, the
i a the surface,
U e i e s
Iprovided with hydraulic supply and return pressure by way 1n'€§‘16029mdléﬂ4at or 600 has a
ham"rer GIUe\Mnmghlm shsersraion jHeantaied |l mneé !lSF GV‘F‘?#E?H""B "a recel ver -
p| sfon 61‘?"{%@ gé{f o) sl ‘L ea‘j, r Yiod, suitably
Caul i B elacd PR Yie déﬁﬁol% al sawaatgtms ﬁfd?600]t egral Wlth a
rad| ator 616 which interfaces W|th the water into which the signals are to

be 5 projected. The base of the radiator 616 nay be a cylindrical
surface that slides 5 along a bore 620 of the housing 622 for the

generator 600. Suitable seals, shown as



an "O' ring 624, isolate the interior of the generator 600 fromthe
surroundi ng water environnent. The. internal pressure within the housing
622 may -be—anbi-ent—pressure—{athpspheri-c—pressure—at—the surface). The
pressurization may be 10 mai nt ai ned by way of a line 626 so as to
enable the i rnal pressure [ERR] to be set at 10 the surface. This

i nternal pr re is of course much | ess than the pressure of -t he

under wat er /i ronnent which is indicated as P As shown in Fig. 31, -upon -
i npact of the hgmer 610 upon the recei verlﬁbghon 612, the radi at or 616 |§8

driven out war d ssoure-TITthe—Houta—i5 opr ﬁuu e
to the entry of the hG weratoy ﬁﬂodla! .Y am g “(héﬂ meammon/as im gat or
13 accolorales out el LS T A B e s
generat eéd. This pul s@diatr 16 Wﬁfcﬁaﬁt cbsﬂw hghe er i re t @epul se

al ong the axis &f t hmoiected. élthorbaﬁlcﬁ the rag 1amn'>la V(bmarmhminyal rfadaeha&xp:hssm ord

[ERR] 20 where a o1 lfsftc HA mr ene ’?,‘E‘In@lsatlon
W%ﬁpeé fi@] ’aﬁ f% gm{,

of the radiator, anct','“,{,ron tator.
to the observation psesire. (atndphcfie et e)vxmﬁcerpresumauﬂdmm;g behe’
gener at or 600. 1@he tmm;t aribxwvrpfeﬂmw?és nsetssmbée ¢iintgendl pressuret B, td beadt ddy  t hiD
duration of the out Lﬁﬂg‘#ﬁl‘g‘q rﬂi‘:dpnf: b?hlﬁsié“a“MﬁRfFFs‘frﬁ°fWFn i s
controll ed by the rrass mpact of mngﬂaﬁ,&hé)lfecélMp{sﬁgl at or

616 including the req) nherraqiat&tﬁn 64 entdntawardly by thi2beléviaigt Ipgessuve Inutilie ligidid and .
t he ot her part$5whi csRripg duetpths BP Qfithepistorh12 inte Hie Higuid v “mqﬁﬂsASrf-h%@da f 15
(R A sb ot erm ﬁ?m e e

load M and the stifhfieos sl én hypieNiatelp by ol dkpress

differential [ERR] re-seats .the.radiator 616 agal nst the gener ator housi ng

622 after 30 each pul-se.-.The radi at ) i@ fornmed with a flang( )628
whi ch may engage a ring of 30 cushioni megLri-al 630 attached t'o™'t he
forward end of the housing 622. This ri ng 630 serves to cushion the" i npact

of the reseati.R9 evemere ﬂ@rf?@@f ﬁué%?wm& A is thRjagqelsirasion of the pidiatant dndm 20

19039/ 79 (Seri al 0%% ‘2&\}3& TIHeh SRS b £ dbinEer of
the specificati On essure ‘pulse is on ‘of the outward acceleration -of
35 1. A nethod of geuher:aﬂmmg 636sehi%m ia tuhﬁﬁSI’dSbﬂﬁdlledh Hyathen gagnofe il giston

spect rum ext end? ng OIMG'I‘ the e5f601m<=hl§t§lg| ﬂieare%?es nitigtore 62, othgt i on25
system ~conpri sing t /it -___ sh; Jé?%ggl l_&“g‘g H{‘“f’ﬂpﬁ]’?ydﬂiu% ug@ces
) IM Ran '

of pulses which are ek %mh'tvﬁ bhe stiffnesd ufl sfém RYRPThe pressure
nonotonically in repﬂﬁtr&ntﬁhPJ—fPEﬂLMS pratimdsr Qe angy hausing®22laftdrer ent

| ower pul se reptitieashpplse ?‘H’ pn I“%e g fy 30
e f fwﬁ AR P ange.

frequency, said repeﬁ?&f‘ﬁﬁﬁf@ﬁéﬂ
each of said pul ses, IfRéI&h!n&ﬁﬁy(bEh&Bdo iGSIONEE AspHSation 90391798(set$a$NuJ 15993819y

spectrum whi ch ext enmseineslmﬂdhetmaﬂatuglswct mﬁetoftth@wetlﬁ@qgency of the

sequence in Wh? h it I Sy ﬁ?,{ ned, and . . . 35
45 (b) control Fing the mrma‘ﬁ’w&rge ﬁ?ﬁa%@ﬁtﬂﬁﬁraﬂﬂﬂssﬁdn’ﬂaﬂgg men'éa;wpaeul.ﬁes
wi thin any one of samienaﬁqmcasfre@aﬁbyvuahﬁb fe@Sgpecin 4 Gelﬂiub ‘axplofatibsl system,

%

sequences, such thatcctmvelslnem S{CRp P&tLon in the sner ectrum le lh gver
sai d frequency ange é’g‘{fﬂ&?ﬁ}%ﬁsﬁ Sﬁ‘féiﬁﬂi”%%&% QE“ ol g ‘°
sequences. 50 dlfferint lé e[ﬁﬁtléﬂ lafid uw pﬁls@reﬁ&it

generating step is chequemas, saidtrepdﬁﬂomfreduendm falling \mthuasahbfmqaency odngerggch fERR] '

and an inpact springsasp hayiag a ?f%% 8% speqt i nto
oscillation. toy@rd ﬁliz ?%rf‘ﬁ ﬁ‘eftnrte%"ri ign dregyenty. p %‘er?% PR T bﬂgs '
said pul ses are transm(bt@eltram@h 16O rladibd bf1Be édaﬁgytahmﬁmﬁubﬁdaimlses‘m&m #hy

pul ses by the magni t erdefsaid schyenceschnkibtith s&pect to all of saidsequinersishgicthatdhegheanned
in Claim2 wherein s‘éﬁgﬂ“an Fé‘!q@ﬂ. FPestium leyel avar ﬂ‘dpfﬁﬁqgé%cy ragge jsgninimized for

| ssn sé qu:ag o
appr oxi mat el y ke r eC' as[c d in Claft? 1 wherem sald generatmg step lS carried out 50
1,579, 841 with the and of a-hammer of mass M,, and &n Tiipacy eptitig 3 GLiFfeR0K,ad a

hanmer 610 whi ch i rrpampsm nmaﬂlld intgpsc thplrtg\wrd WV&YO eﬂltvié*ce

pi ston 612 which is “ﬁgﬁ%ﬂ%ﬁ%ﬁ% T""“ﬁ%ﬁ N9 entrollingithe me; qp) y
hydraulic oil wﬁ Jhe vo Lm Clai néﬂaeddra‘iioﬁgmlchwsalhpanses 55
radi ator 616 | ch iistapproximeslywhé kectpheahaft er |nto whi ch the signals are to .

be 5 © proj ected. The base of "the radiator y be a cylindrical
surface that slides 5 along a bore 628 of t e—l‘rou5| ng 622 for the
generator 600. Suitable seals, shown . _ .



"O' ring 624. isolate the interior of the generator 600 fromthe
rroundl ng yater envi ronment. The inter ressure within the housing 622
may be anbi : 28
pressurization nay [Ehelg@nerator 60 ks i hmdneb 1 |cbﬁmpzacts|u1oen 62 mot 9Bing O

enabl e the inter rBipY b“‘-l’U°P @ﬂ?‘ﬂd’& kydr.
o= the e R %Q,%”? T O
under wat er efvi r ogroRéted. e(ﬂhsé of lth‘h&ﬁﬁBe 162i@a yh cdl I’QWe Ithht Ed}s 1,5
upon inpact of t ﬁ@w th}éwg‘s‘;g{ﬁ;o@%%%g%ra g%’?%lé?!zq@ seﬁg}?‘]{m@ at or
\)
t wi [s]

spring due to theped rey(aaﬁgﬁ@mpbégsq& Qe 2nd 3k cgﬁ'e?ﬁ' g%kﬂn%be Aope. As

t he radi aton0 15 raaatalnedhstesyoﬂ:tmmmﬂ as 0d énable ehe/iateaial prassire P} toibe etk €S s ude
pul se i s gener at &fic SUrfge ‘9@"13&9 FSP[Fseﬁ j’%ﬁ lgvcmlqgsthslzthemsmgf ¢ude of

the pul se al ong theE"pZL L eRRrAmEn agi ¥n DY the
expression [ ERR] 410, the raditeF e?;é.i ‘IdgivénNeutiv. ﬁﬁ%ﬁ%ﬁ%@ﬁ@ﬁ%ﬁ%@ﬁ is the
accel erati ohs of tSInanz Mltaﬂsrentranﬂhc pist20 61 Lintotthe hhust\@hms 6d.ang hix‘aéaatam s of5
the radiator to t%‘lf] e str “’a‘ 4§‘t’stt'rYé" sled gi

surrounding the % ¥ is n-a 'xi lé'ﬂkﬁgssigf, sﬁe"’loﬁ'ﬁé fy%e® T’se S
control l ed by the duratlon of e outvvar accel eration of the radl ator 616,
which in turn is controlled by t he mass. ofrat he pi ston 25 &E?R] t he
mass of the radiator 616 including thE™Fegefiver piston 612, th 25
liquid volume 614 and the other parts V\/mc are novable wth the radiator
616. This n#&s |SNWR:amlscadjmtﬁnlmmdl rGIGeA[whesmccdutaabndnha mdintoe, andier t | a200f
the water |oad M‘sens“ "E‘ w‘;“ﬁf‘ theryadip ‘}‘:?SF'Q P°‘"Twe11§ @ssure
differential [ERRfess '8 & E«%‘ ft‘ mﬁo Ffa%lp housmg
622 after 30 theaﬁhiaﬂ%l:l 618, ratfarcdn&o wdhwﬁa s Sof hanﬁlﬁo

whi ch may eBfage Mur lhegmis oBOhe:uadmtonlﬁng un:itmhng ahe G&@ivat tpistine @12 ahe he 25

i d end of tHé‘“h"o a&e may e t
o e’ asat ng 'ég,%ﬁﬁ,f i ,qm«% s a:ef;a R

19039/ 79 (Serial dWperedtia 2 ge-delits m&a&%rs dgiifst ARDRA haus fag 62X aftept t er of
t he specifi 8t i orr.acL?,Eulse Thc radiatgyHs Toryed @Ltmaj\ﬂahs 628 which may engage a ring of 30

'35.1. A method ofcug'@ﬂ'g w&ﬁgﬁ%ggﬁtgﬁﬁtoﬁ Fggmggpﬁg{,%ab?%@sé?? dhierigy

spectrum extendi N O¥&érest e rhdyHeha8 Yo bﬁr Q:ﬁalfa%hdd 190397793 Seria NG, 1620849 at i on
system conpri si ng rédi)ectsjfelpsa@iarau(sa)xblgﬁnﬁtm lohtheapgificaddn. t y of sequences of

pul ses whi ph are tr %&; g pul ses are swept nonot oni cal

in repetitidh ”equ met ﬁr {&kcaese%‘{w sﬁuss.é‘S’hQJ.Jg il eflly SRR, PUI S
repetition freque&feﬁda over @l e SUeREY rahgPabr R QReic leksibra 6:19%&513)/, sai d
repetition frequeampesmﬁ &ﬂest oivlthl n said frequencg/ ran each of said
pul ses in an % y ge $0f, s leag}f% %%"%w whi ¢
extends bey f%m’ﬁé@f ¢ B Sk 535 fred é?f B upter Bt epatiohi Ch
is 45 COI’I al enc)Wdid repetition frequencies falhng w1thm said frequency range, each of

45 (b) controlli rvgldtmlésesxalraratqnervf odid ts¢repqes hapngamseful gnergy wfectsgn which| ses
Wi t hin any e ofex aiﬂ"@'@ &hfcBighesh Frgetiijannreauspra A thosegrencein ¥aich t is
sequences, ch t Pt ﬁuaiﬁapm\éaaﬂ.@i‘oh @Pthe RndrBFarRNAifly of SRE &?mgésmnm\aay oveP
sai d frequency rwgefsasd sehuwengesy &l Withrrespaétdo tit ofisaidisamennes, sichahdt tieanedn
sequences. 50 variation i ‘hwl\?&%&l’ [foekinm leyed jovgs gaifl freqyearianss i ayvinimized for d

generating ep 'sgldﬁéwmgﬁoo%)% clai 1%‘ CF e?éugsa%c geﬂe#&%ﬁ?‘é’gﬂ l?éarﬁaﬁﬁh[ ER@O

and an i npa Spr\blﬂgtthauﬁ& BRmer SR Pasepriag ol stiGeS A, GniaMTET
into oscill ati on dompsised damdgm arﬁmcrmtamsmlm:en fonaed andtaway ﬁremrmahtt.rfncc nt o

whi ch sai d_ pul ses“'H’r@et EI'C fid pulsnsyass iransmitiedeand icARrQlinRdRs B of sai d
pul ses by t gl?ﬁ‘?éet% ed @:ﬁ#%ﬁcm éSagduﬁzmon ofegch &sBhIQY as 55

clainmed in 'al M ig appieKimbielvSiie deciBitoal bPN of each said pulses 55 is

approximately the reciprocal of [ERR] 2
1,579,841 | - 0% —29 4. A method as clained in
Claim2 wherein said inpact spripg"Fs a li Lﬂltl spring. 5. A nmethod as

claimed in Caim4 wherein said d by a coupling nmenber
which contains said liquid spring. 6. A method as clained in Caiml

uherein the repetition freavency SUMBYIMIITILIN == ¢ Sgouemces,seses,
clainmed in daim6 wherein the fredueficytbahds® oVver .which

-



sai d sequences sweep are ordered successively such that the entire range
between said | owest and hi ghest repetition frequency is swept during said
transm ssion. 8. A nethod as clainmed in-

follow each other 10 . one after the other.

N0 9. Anethod as clained in Qaiml wherein the repetition frequeficy\ of a
fikrst of said sequences sweeps over a first frequency band not e Qéed ng an
octave, such that the harrmonics of said firrst sequence produce spe al

ener gé@ [ n a plurality of harnoni 95’@9@?'-5 whi ch extend over sai dzgrequenr:y
rang ' . requency

bands whi ch Fffeﬁ b= d i °t§3'€‘l$ gsum"ratron of the
"?3 hiohil ?:mb'gr ? has

spectral | gy Eﬁ,r;r ﬁ?ﬁlﬁim

subst anti al | . mrwtoarai cliimadm (amqtvma ei Wﬁbetrtﬂ)@fted\reﬁﬂidﬂ@ﬁh@ﬁ clainmed in
dairl wrsenderequet\m SEeEMS PG Jan n%am‘fntduenwémhon less. of the energ arSd timng

BRI LR o iy et b A the
repetrtrorga rl@&?éd € aldYhighestSep L&@iﬂfi STRiSsion. unctron of
time, 20 va tﬁddelsampiadtnmdlmrm wherreml siid Isenamcasfonowf embiothen of t he

repeloi tiore &ol I the durat.i op of sar d sequeri@es . A
« nmethod as }zﬁéﬁ r\ig " 'z) { r‘gﬁ’ﬁ“ﬁi !? SSE repetiti on

frequency ¢ ha@.ﬁmﬂc ﬁense enbé FBauck spdctrall .t in each of
sai d sequeram:,xc pasnelblmh:chccmnd vepatid freq)uandyrre emd hrt h@m@f saahd Tis the tine
dur ab’i on ceficassy A frs‘mt é%? ; “&Rao Bgbtitildn
frequency,p, 3 ﬁ figﬂcﬂ, eEi& ‘éj{rﬂff fot 8?“?‘!1 SR 1 each of said
sequences s 19@@.@%&1 imi dJin &em the controllidgof tHf vaBitleadr as ¢l ai med in
d arcz{n 10 Whecm;rgy anth @mirgraf adid puisesis qaa-red ontipesteps swteda'mrf vzerqnuency ERR] as a
funct’ on dh e £ sqq "“cf”nﬁ'fs ’seq nces, the

i
| ower repegohﬁ.blﬁ,;’g &%%zf%&éwgaﬂgt eé‘ﬂ%} the gene %“[ 5?%‘"}%?5 ed to the tine

dur ati on of d&cA niethod asaaiuemﬁeelaﬁﬂmxbﬂ%&nuthpeﬁm%n of saidfreytitior i on-'f r equency
thereof , drrdueriee foarpl fungiige obtimehfeispul ses I's maintained. 35 constant in
each2sof said sequences. . 13. A ndjtelf*as clainmed in. Cai m.10 whersi n .said

- seguences first repetition
sequences ARG Eardss%(éiﬁgemglow r;gaﬁrﬁﬁe@é?éﬁrﬁ%}éﬁd st repetif

frequency, freausxeg,o:ml Ehe eatma the mﬂltude of tBeNBﬂﬂ:s i hehsteehssdi d second

(’D

--._re_pe§|t|0ﬁ61 fi"t.d. r |f,| freg ncy, 40 thrice said first
repet? ti o g1 é {ﬂna‘% ﬁ"t’f’ét FRANOR JeReititben 99id third
‘repetition frequency an %ourth repetrtron frequency five times said

first repetition frequency, fs(ggphﬁhep of controlling the variation of the
energy and tim ng of said puTses bwi ng carried out such that the energy

spectruml veI sa dseu ce. 1S _appr.ox ly half the
cher oy Spet e Sk e R B oS e e R 0, " cct
| eveBs i n sapetitionifiequen ey tIRNE, iuﬁl ﬂxpm’mbﬁtualatdflt}le @BEesSithhahnthlh&l enerygy spectrum

Ieyel in wbaﬂﬂms%sé :\% Arret hod, .as cIarrredrnEZlarmlS wher ei n
sai d step igdng) fé:ce ‘f‘i“z%ggébg& Tﬁggggﬁ@@f‘“ﬁﬁ} jn ng of said

pul ses is r€ ifid qcufcy ey Aldtirilge quency,’a@§tohd gehMc wigenency [ERR] as a
f unc#e on csf;veetprs bﬁwetq saglisedondd h'@btmon fteqnency and a tlurd repamo envrher e 4pERR] in
each of sd ﬁé%‘“‘?'éf"tq gncy gp h “fh 1me s ereof and T is
the tine ‘?;i ?ﬁ&dpé&ﬂ%ﬁﬁ Euﬁ oo g&yg g said repetition
frequency,tindd ﬂp\ﬂ@é’slbaingeﬂ‘rl dthﬁchanaltltetdn v 6p ectr lepellisedd i n each of said
55 45 segeend e,sgqqence is Gporoximatel hatltbth y spectrum level in said first 45

55 15. A rf%‘%‘f‘?&gtaé'g %@g{jﬁe%? E}‘l ﬂe ?qﬁe‘hc&r‘soapgf°éﬁ“a6q!y controlling the

. variation d2bth A8 slep of BbAttolthgQd Dy varying the
repetiti orVaﬁsrtquwrmeye ergyRindatimiag bumrt pudses o cartiedieout thy vetyolg thdhat = 30
1, 5780 841 repetition frequency f as a function of time, t, such that 30 [ ERR] where [BRR] is, in
each of said sequences, the |owglyLepetition frequency thereof and T is a

constant related to the tine duratron of each of said sequences and the
upper - r epaitietd fQrin édch af@iiGyquehes aofhe Imdrebétmoarfpd;uehqdhere&fa’ndne pul ses . is

mai nt ai-neds theginge durationceprprssnending tp ea'?moff 091? Lraidfepetition
frequency, and the variation of the amplitude of t pnlses n each of said :
" 55 sequences in proportional to fg~'2, 55
i " 15. A method as claimed in Claim 13 wherein said step of controllmg the
variation of energy and timing of said pulses is carried out by varying the repetltlon _

frequency f; as a function of time, t, such that
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16. A nethod as clained in. Caim13 wherein the step of controlling the
variation of the energy and timng of said pulses is carried out by

control ling the durati-on-of—sai-d-sequences—such that the duration of said
second sequence is one half the duration of said first sequence and the
duration of said third sequence is 10 10 one-si xth the duration of Dt
said first gegquence. 17. A nethod as clained in Claiml wherein the . Lo
repetiti on. equenci es of each -of said sequences. lie in a plurality of =~ .
cont i guous gblency bands each band cov_ersj, g @ dlffer ent part of said o
frequency range; rttrares—tretne -t ; —

panel s iin each of said sequences cover (;T‘f ieF nt-and |5 15

non- over | appi ng frequenC| es within, sal'tﬁ ( ncy. range: 18:" A net hod of Gl
generatiing seismc signals for.use in a sei sm c exploration system:
conprising the stepsvhsfef(ra.)mgshefatdl eaces.e kpUeweraenstition fir mgslcmhcmfmdé’iap .
repetition freq-uenC);: Hio enc eret; a tllgﬂlgnreﬁ?ldf s?flet ulses: mamtl:tl:r?:(li- |
20 20 - - s(b) rzgp 'ﬁ ggﬂu 't AL € Whi C I’varles over 3
frequency range which n& hezieﬂmdsalcahufwd BltClhﬂﬂdﬁ w&&emAhmhaﬂcaammnalmed in

R T

pr edet er m ned jor de I one-sixth the duration of said first sequence. .
20. A nethod as cl ai nedl7 |Annetfiibdaasr¢1am1@ m\ﬁlanel wheyein dlelrcﬂtnbartfmnusmmb&adr e

successi ve pairs of 53¢ sﬁﬂﬂé‘g&%'; &EP&&?‘&“&?‘?‘F& @f:{& b%‘gf gggﬂ
21. A nethod of gengfaldpds %é‘tég;{.‘ %ﬂ&gﬂf‘sﬁﬁvg@ gttlt Ct”l'gn
ext endi ng overisa f r aghlonehppingGequ ﬂ‘.riesuﬁthm saidofre@e R irdngeX P orat i on system
substantial ly as herei ihe¥ gethodef, emebﬁgfg viisntic sighals foruse in @ seismic xploration

illustrated in the SYftem com
30 SWANN ELT & COVPAMYY °"°‘g‘i§l§'? b kﬂlpg{"'?s\r%hgs}%%ﬁ"ﬁ? ropptition frequenqy during . )
Stationery O f20ce, by, (lt) hmdﬁlammzlsad sﬂeesnea rateeﬂmmgt:esrbvé‘rm:eqﬁé}ﬂfbrdﬂw\bhﬂhed %y‘

i b band .
IQSI Egt rGrg.; bdef_ Iogte ai ?@%ﬁ?& as cla%ltjlla m 18 gg?nns’a:d modA*latng istepf 12 ga[pne ich

y inhibiting the generatlon of different ones of said pulses which succeed each S
other in predetermined order. 25
25 20. A method as cldimed in’ Clalm 19 wherem said mlnblted events are '
: successxve pairs of said pulses. whxch occur- alternately in said 'sequence.
) ‘21, A method of generating a seismic transmission having an energy spectrum
_extending over a’frequency range for use in a‘ seismic exploration -system
_ substantlally as hereinbefore descnbed w1th reference to and as 1llustrated in the' RS
30 ' accompanymg drawings. - - R
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