
A 11ETHOD FOR DETERMINING THE TRAVEL 
TIMES OF ARTIFICIAL SEISMIC WAVES 

by 

JOHN EDWARD NEWBOLD 

A THESIS 

subciitted to 

OREGON STATE COLLEGE 

in partial fulfillment of 
the requirements for the 

c3egree of 

MASTER OF SCIENCE 

Ju.ne 1952 



APPROVED: 

Professor ol' Physics 

In CharCe of Major 

Head ol' Depai'tment of Physics 

Chairman of School Graduate Committee 

Dean of Graduato School 

Date thesis is presented7,7/7 
7 

Typed by Judith 3. Newbold 



ACK NOWDGIET S 

The author wishes to express his appreciation and 

thanks to Dr. H. R. Vinyard, Associato Professor of 

Physics, Oregon State Collego, for his assistance and 

encouragement in carrying out this project. 
Special thanks are due to Mr. J. trickland, for 

his assistance and suggestions concerning the electronics 
equipment; to Mr. R. P. Merritt for his assistance and 

instruction in the handling of the dynamite. 



TABLE OP CONTENTS 

Page 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . a a a s a e a i e 2. 

GEOLOGICàL EATURES OF HE REGION NEAkt THE STATION . . 2 

PROBLEM OP D1ERMINING TRAVEL TIME ...........,...... 4 

A PPARATTJS , a , , , , a s e s s * . s s a * i * s . 6 

O scilla or . . . . . . , a e a s s C C s C a s a a a I s s s I a s i a e a a a s a S 6 

Gatod Ai:ip1iier . , , . . . . . . a a . s a a e s s e a a e a a a a i 6 

Scaling Circuit saaesaeasseeIe*Caa.e.ssssuss 6 

Sel$moriioter . a a a s a . e a . , , a e s . 6 

Virc ....saa.a...aoe.ae..sss$a....a*asCss...aa,a 7 

L ight Source .a.s.as.ao..as..a.s.s.e..aaa..aa. 7 

A 11ILIFIEfl CIFWUIT . . . . a a a s a a a s a a s s s e a a a s e a a a a a a a s a a s s 7 

Vcuuui Tuûes a a . a . a s a s a a e s a . e s e a a s a a s a s a s . a a s a s 7 

'I 4-4 u-a.xk asas. sa a. s saa..s.as-asasaaslesas...ssaa 
Function or Light Source ,..,,................ 8 

P ROCEDliR . a a a a a a a a . . e a a a e a a e C S a a s a s a a s a e s a s a a s a a a s 10 

LOC3iOXI of ShOt POÌIlt$ sasaeaiaaa.sasa,e.qasaa 10 

DUta asSaaøaaa.ea..a..a.ea*....a...,,s.ss. 1]. 

DATA aaaSsassCI**alsaa a...a.esSICa5aa,aa.Øasa,..as 15 

RESULTS aaaaSaaa*5asSa5aCesaaasp5saI*s5a,.5a.a*,.a 15 

CONCLUSIONS a a a a s a e s a a s i a s s a s e e e a a a a s s a i a a e s a a a a a s s 16 

Waves in Surface Loyer S*aeaaa$aa*øs.*øss...as 16 

DelayinOpticolSystern.................,...... 17 

BIBLIOGRAPHY edaasaasaaIaeaaselasaaaeaaas,,a...a,a. 18 



TABLE OF FIGJRE 

Figure Page 

1. Block diaraii of apparatus ..,...,,.,,, 3 

2. SchematIc of opticalsystem.,.,.........,.,,. 3 

3. Gatod amplifier 5 

4. Blast locations 9 

5, Time travel graph, west points .......,....... 12 

6. Time travel graph, easu points ........,...... 13 

7. Time travel graph from origin, west points ... 14 



A METHOD FOR DETERMINING TElE TRAVEL 
TIMES OF ARTIFICIAL SEISMIC NAVES 

INTRODUCTION 

The velocities of shook waves in t:o surface materials 
of tie earth cre comparable to sound velocitIes in amilr 
solids, arnountIn to several thousand feet por second, In 

consequence measurement of the travel times of surface 
waves taken over short distances requires the observation 
of very short tiLde Intervals with reasonable accuracy. 

In soismic exploration the deteraination of travel 
tiec of waves artifically induced by explosive charges 

has been generally accomplished by a jhoto-mechanical er- 

rangement. In this system o liht bec is reflected from 

the mirror of a seismometer, and is ehen focused upon a 

rapidly rotating drun with photosonsftive paper attached 
to it surface. A knowledBe of the speed and tiìe radius 
of tue drum permis the calculation of time intervals in- 
dicated on the paper. To obtaIn a good decree of accuracy 

in measuring the travel tImos of waves over distances 
ranging to a few hundred feet, the highest permissible 

druìi speed must be used. The uncertaInty of thiS method 

is ordinarily of he order of 0.005 seconds. 

A now method or recording time intervals utilizes 
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electronic cLrcits, w.uicìi ee1y reduce te time mac- 

curacies of tho mechanical syslem. In thia application 

01' electronIc methods, tue two events W1iCh bein and end 

Iie elapsed timo must be converted to electric volt8o 

pulses for $tarting und stopping an electronic 3culer, 

The :;iIne reference base is provIded bj an accurate quartz 

crystal frequency-controlled oscillator. In tuo work 

described aere, tuie starting pulse resulted from he break- 

Ing of a wire contact by the dynamite explosion hich 

started the shook wave; the torinatthg pulso was generated 

when the shock wa;e reachod a Slichtor seismometer, the 

iirror of which directed a beam of light upon a photocell. 

GEOLOGICAL FEAPURES Oi ThE REGION NEAH ThE STATION 

A eologic fault lLes near the Oregon State College 

seismograph station, with its uearest point approximately 

600 feet east of the staion. The mean fault line runs 

approximately 17 degrees east of north thus making au angle 

of 73 degrees with bhc E-W line through the station. 

As indicated by surface evidence the fault is nearly 

vertical, und is a discontinuity between sandstone and 

basalt. The surface indications are very noticeable in the 

bed of a small croec that runs along the fault line. On 

he east sIdo of tue creek the sandstone is exposeu, and is 

nearly vertical with a s1i;ht dip to the west. On the west 
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bank, and farther west, basalt rocks and boulders lie on 

the surface. 

PROBLEM )F DEIERMINING TRAVEL TI1 

The region near the faìt was chosen for the location 

of the blasts because ue travel time would be concerned 

with two different ;ater1c1s. The question of how to 

measure the travel time of the blast waves was the first 

ma j or robiem. 

By necessity this experiment as ;erformed in the 

surface layer (2, p.39l). This layer ry be as much as 

150 feet thick, but in this Lnsance thiccnesses as small 

as one foot were also involved. In the surface layer the 

velocity of blast waves is of the order of 2,000 Loot per 

second, while the velocity in the un&rlying layers is 

upwards of 6,000 feet per second. The path lexkths over 

which the travel times were to be determined were small, 

so that with a volocity of the oruer of 2,000 feet por 

second the time intervals for those distances were of the 

order of fractions of o second. Thus, the aec rato meas- 

urement of a very small timo interval was necessary. Uain 

the electronic equipment show; n the bloci diagram 

(Fia. 1), the total travel time was measured in terms of 

4 microsecond 1ntervls. 
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PPAHATUS 

The osci11&or used was a BC-221-M heterodyno £ro.. 

quericy meter wi1ci providod ccrate1y calibrated 250 i110- 

cycle pulses f about 1.5 volts aiuplitude. :cne ocercy 
of this instrument, as accepted by the Federal COuiiUfliC8 

tions Co:iission f r tìie Lieasurei1ent of rudo frequencies, 

is 0.05 percet. The frequency isod wa at one of 

crystal chock points, so that by calibrating the crystal's 
2Oh har.nonic a:;ainst Radio Station WV ot the atLonal 

Bureau of Standards 1n Washington, D. C., the accuracy of 

the 4 microsecond time intervals is believed to be mch 

rester than 0.05 percent. 

The gated amplifier was used to start and stop the 

counting of the time intervals irom the tIme of the blast 

to the arrIval uf the resulting wave at the seismommeer. 

rkì:;s amplifier had s voltage 'ain of about 30, which was 

necessary ici order to a.:plify he oscillatr output volt- 

age to the 50 volts peak roqired by the counter. 

The scali:i units were built by R. P. erritt for 

W. R. Jewei1s Ph.D. thesis. These mita are a mnodifi 

cation of the ":odol 200 Plse Counter" developed by 

W. A. Higinbotham, (1, pp.706-715). 

The seismnomeber was a Sliehter 3 comionent unit with 

an optical-rnechamitcal transducer which has a perod of 

one second and a stottc man1fication of 25,000. Only 
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the vertical component wos utilized in these ìneasurements 

The cable from the dynmito to the gated amplifier 

was a sinal corps field wire WllOß consisttng of a pair 

of conductors, each composed of 4 stool and 3 copper wires, 

with tar impregnated cloth insuleion. 

The light source was a Spencer Lens Company 2"x2" 

lantern slide projector with a 150 watt lamp. 

PLI.IER CIRCUIT 

Tuis unit, as shown tn Fig. 3, consists of a type 5653 

vacuum photocell and three electrically identical medium 

mu triodo amplifier elements, two of them in a typo 65117 

tube with the third ifl a 6J5 tubo1 The second socion of 

the twin triodo tube is used in a high frequency res atance 

coupled amplifier of relattvoly low gain. Its grid is fed 
with the 250 kilocycle oscillator voltage. The single 

triade wiiich follows is used j: another amplifier with a 

resistonce coupled output to te counter. The gatn of thiS 

a:plifier, which is greater than needed, is reduced by a 

small capacitance loadin, to give the desired voltage. 

Gating is accom4ished by sequential reoval and ap-. 

pliation of a positive bias voltage on the common cathode 

circuit of the cate and first amplifier section. Prior 

to the blast this voltage La developed serosa 200 ohms of 

the 880 ohm cathode resistance by the flow o: a current in 



the field wire wrapod arnd trie dyn1Ge. One :icro- 

secod is required to d:Lehare the wire after the b133t 

h88 siopped ¡..ho flow of current, whereupon rernvl of the 

cut-off bias cauoes the first ampiLfier to start opertLn. 

iie loop wire £roui the gated ap1if 1er to the bloat site 

will henceforth be referred to as the triggering circuit. 

During the time before the arrplif 1er is turned off, 

11g t roflected from tue mirror of tue seisnoeter falls 

upon the photocell. Tills applies a negative potential to 

the grid of the first half of the 6SN7; thus rio current 

flows in this section. The 6SN7 cathodes are tied together 

at the pins, so that ny current through eiher section 

developes bias for both cathodes. Before lhe blast bhe 

cathode potential is ;lus 23 volta; thus neither half 

conduces current. At the instant of the blast the trig- 

gering circuit a broken, and the cathode bias is removed. 

The first amplifier stage then passes Le 250 kIlocycle 

voltage into the final amplifier, wh1cì is ready to operate 

at any time. 

When che shock wave reaces the seisloueter and the 

light is moved off the photocell the grid-to-cathode poten- 

tial of the gating section rIses to zero. The rosilting 

current through this section of the gatlng tube has two 

results: first, it reinstates the positive cathode bias 

on the first amplifier, thus stopping passage of the 250 
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kilocycle wove pulses through the ampliier arid into the 

countor; second, it closes ¿ relay in the plate circuit of 

the cating section which locks the grid-to-cathode poten- 

tisi at zero, and thus insures closure of the gate even 

when the light beam roturns to the photocell. 

PRO CEDURE 

Having determined the direction f the íault which 

continued with snail deviations for seversi hundred feet, 

two parallel l'ines were laid out with the rault nearly 

aidway between und apprc:ximately 100 feet from either lino, 

A bese line was then ostblihed irow the selaraometer 

staÌon, located about 600 feet west of the fault, to the 

two lines near the i ault. To noke sure that the base line 

was perpendicular to the parallel lines the proper bearing 

was obtained fr:)m a transit which was located on the roof 

of the taion directly above the seismometor. 

tartirig at the intersection with the baso line, 

marhers were placed along the east line at equal .ntervals 

as determined by a loo foot steel tapo. harers were also 

placed on the west lino, not at equal intervals, but at 

points determined by the intersections of radial lines 

from the seismomoter staton to the east line markers. 

TO locate these we3 line intersections two transits were 

employed, one at the seismometer station and the other at 



t!ao junction ci e bso line vLth t ' tie wcsi lino. By 

rieans :)f procedure called ttwig1in in" tie rodmn re 

sponded to sirìa1 from both trnsitxien to locate tii 

position of the intersecting lines of sicht. hen this wss 

completed, each point on th east l.ne 1ad a corresponding 

point on the west line as shown in Fig. 4. 

At each locatIon five sticks f forty percent dynamito 

wore placed in a anali hole at a depth of 8.5 foot. The 

ciarges were fired with electric caps by a 90 volt bttory 

placed a safe distance away. 

To obtain the data roqired two mon, one at Ghe 

station to reset the apparatus nd record the counts, the 

other outside to primo the charges and set them off. The 

outsidø man also rewrapped tho triggering circuit wire 

from the station around each charge, The wire was main 

talned at constant lonh by splicing short iros on bhe 

ends and wrapping those around the charge. An ammeter 

was placed in the 11mo near the blast point as an idi 

cator. When the operator at the station was ready the 

circuit was broken several times os a sinal for the out- 

aide man to fire the shot. 
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DATA 

SHOT DISTANCE COUNTS TIME 
IN FEET IN SECONDS 

A 700.00 89045 0,356130 

B 669.44 87369 0.349476 

C 730.32 91913 0.367652 

D 775.45 94995 0.379980 

E 500.00 67749 0.270996 

F 478.17 62751 0.251004 

G 521.66 72123 0.288492 

H 553.90 75351 0.301404 

RESULTS 

The blasts caere et off in the surface layer, in w)aioh 

the velocity runge is 1,000-6,000 feet per eeond (3, 

p.212). The waves froii the b1sts tr3vel t varying 

velocities in the above rne due to the fact that the 

surface layer is inhomogeneous (2, p.392), (6, p.60). 

AS indicated by the 3lope of the curves, the waves 

from the west points have a local velocity of 1,453.3 feet 

por second (Fig. 5), while those £roii the east points have 

a local ve1ocit of 3,211.3 feet por second (Fig. 6), if 

assumed to travel directly to the seismometer. These 

velocities fall within tic range iVCfl for surface layers 

(2, p.391), (3 p.61), (4, p.212). The curve obtained by 
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plotting the vet points from the origin has a slope 

corresponding to a wave velocity or 1,846.1 feet per 

second, (FtC. 7). ThLs is the average velocity for the 

Javes from the west blasts; a athular plot for the east 

points cannot be made becaso of the uncertainty of what 

takes place at the dLscontthuity. 

SInce the first wave to reach the seIanometer turns 

off the amplifier there ïcy be evera1 reflected. waves 

that would not be detected. An average velocity of about 

3,600 feet per second is obtained by co1cu1atLn; the time 

required for the wave to travel from the iau1t to the 

setamometer, and by use of the remaining timo the velocity 

for the rest of the distance to the east points was com- 

puted, and found to be very close to tue indicteJ local 

velocity at these points. 

CONCLUSIONS 

Since the :Lndcated travel tlmos aro of te riht 

order of magnitude, !t La the opinion of the author that 

this method is practIcal. This method could be used to 

measure accurately travel times in any homogeneous layer. 

The waves WhiCh first reached th soismometer appai'- 

ently traveled only in the surface isyor, as was shown by 

the computations f travel tLe: from the east points to 

the fault and from there o the station. The Indicated 
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ve1oeit for the et sLde falls in the lower part of the 

rance for sandstone (3, p.212). In di1n3 the holes for 

the east blasts, unconsolidated sandstone was encountered 

very near the surface; this would account for the higher 

velocity on the east side. 

In the seismometer there is en incalculable time 

delay n the swIng of the mIrror. The maximum amplitude 

of the alit imago on the photocell was of the order of 3 

millimeters, while the width of the image was about 5 

millimeters. A 5 millimeter slit was placed directly 

in front of the photocell to insure tho tripping of this 

eire i t. 

The soisiometer, being very sensitive, was in alnost 

constant notion at an amplibudo of 0.5 miliLneter or loss. 

The photocell circuit would trip when the image vas very 

near 2 millimeters off the photocell, Thero was no avail... 

able way to detoruino exactly where the imago wa at the 

instant the wave rcache the seiamometer, coisequently 

this delay cannot be calculated. Althou this delay would 

be small it detracts from the accuracy of the method. 
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