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ABSTRACT 

Correction methods devised to compen•ate 

for certain mechanical characteristic, of com• 

monly used velocity meters are considered. The 

application of two correction, !or 1uch character• 

istics, usually referred to a• 1ei•mlc correction• 

and correction for bottoming, i1 Ulu•trated and 

discussed !or the measurement of ab1olute •true ,. 

tural velocities. 

ADMI NIST RATIVE INFORMATION 

This eport. i!> concerned with one phase o! the project sponsored joint. y by 

the De!en e Atomic Support Agency and the Bureau of Ships under Web No. l •\. 069. 

It deals with data reduction procedures !or handling velocity meter record,. 

INTRODUCTION 

The measurement of absolute structural velocities is certainly one of the 

most important and most frequently encountered measurements in explosion• 

research. In spite of the importance of this type of measurement, no transducer 

i s available which is capable of adequately performing these measurements and 

directly prod cing an output signal proportional to the velocity of the structure 

being measured. Each transducer used !or this type mea1urement haa character­

istics which t::a se the output signal to be altered •o that it i1 a function not only of 

the veloc ' ty of the base of the instrument but also of certain mechanical and elec­

trical characteristic, :>f the instrument itself. Although this criticism ii, in 

general, tr ~e of all types of transducers, those moat frequently u1ed !or measure­

ment of structural velocity are particularly vulnerable in thi1 respect. 

One way to extend the u efulness of these inatr11m nt1 is to accurately deter­

mine their characteristics and then compensate for the distortion, or alterations 

which these characte ristics produce in the output signal from the transducer. As 

the use of velocity meters and the records derivec! therefrom become• more wide• 

spread, a general understanding of these compensation or correction procedures 

becomes increasingly important. The purpose of this report therefore, is to 

describe the proced res mo l frequ ntly used at the David Taylor Model Basin 

( DTMB) lo com pen ate for ce rlain of the characteristics of the moat commonly 

1 st:d velocity meter . The particular corrections to be discus ed here are those 

which are frequently call d •ismk corrections Bnd corrections for bottoming. 



QUALITATIVE UISCUSSIO OF CERTAIN VELOCITY METER CHARAC ERISTICS 

The vdocity meter5 most frequently used at the Underwater Explosions 

Hesearch Division of UTMD arc described in detail in Reference l.• The correc­

tion metho,Js de cribed here, however, are not restricted to those particular 

instruments, but are general in nature and are applicable to any velocity meter 

based on the same principles of operation. For this reason, those principles and 

the characteristic of such in s truments which lead to and allow the correction 

methods described here, will be briefly discussed. 

BASIC PRINCIPLE OF OPERATION 

Velocity r. t •rs most curn!n only used for shock testing are quite simple in 

construction and p inciple. They consist of two primary components which have 

rdative movem •nl to each other. One of these components provides a constant 

magnetic field, usually by mt·ans of a permanent magnet, and the other component 

contains a coil of wire which is within the magnetic field. Thus, a1 one component 

moves with respect to the other, a voltage is generated ·within the coil that ii 

directly proportional to the relative velocity between the two component,. The 

relative displacenwnt range over which the voltage generated per-unit-velocity 

(velocity sensitivit ) is constant, generally is referred to as the linear range of 

the instrument. 

MEASUREMENT OF RELATIV E STRUCTURAL VELOCITIES 

In the situation where the measurement desired is the velocity of one part 

fa structure relative to that of another part, or of one structure relative to 

another, it is often possible to mount one component of the transducer on each of 

the members of interest so that the desired measurement may be obtained directly. 

In these particular ases, the signal from the transducer require• no corrections 

if the lin •ar rang • of the meter is not exceeded. Usually instruments having 

suHicient linear ran~e for this typ of application can be obtained. 

MEASUREMENT OF ABSOLUTE.: STRUCTURAL VELOCITIES 

Tht• typ of v locity m1.: asurement most frequently desired during the major­

ity of the shock tests, is that of the velocity of a point on a structure relative to a 

fixed point on the earth. Thi i c.ommonly called the 11ab1olute" velocity of the 

point of intere ton the structure. To attempt the measurement of ab1olute atruc­

tural velociti s, 0 11e of the two major components of the meter (eltht.r the coll 

form or the magn t, but more frequently the coil form) ii att-iched rigidly to the 

structure at the point n f inter st. The other component (uaually the magnet) ia 

s •Lspend d from that point by means of fairly aoft spring• ao aa to form a ayatem 

having a low natural frequency. This approach allowa a complete aelf-contalned 

transducer to be built and only a in~le attachment to the atructure ia required. 

Henceforth in thi11 repo rt, for darity and simplicity, the coil form will be the 

compone nt con s ider ·J to b ri~iJly attached to the 1tructure and the maanet 

element th• omponcnt us pend d by springs, although in certain application• theae 

compont·nl m :,y hc inl1c• r han~cd. Fi ure 1 is a picture ol a typical velocity meter 

us d for s hu k m o ti n m sur •m nt . For thia figure a portion of the coil form 

ha be •n w, y in ord • r to •veal he magnet auapenaion ayatem. 

r e IL t l• d o n p . ~ • U . 
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Sus~tnslon 

Springs 

Bottom Stop 

... 
/Top Stop 

Figure 1 - Typical Velocity Meter 

Coil 

When the structure upon which the instrument is mounted i ■ 1uddenly 1ubjected to 
shock forces, the velocity of the coil form is euentially equal to that of the 1tructure 
for frequency components below the high frequency re1onance1 of the coil form it­
self. The magnet, on the other hand, tend1 to remain 1tationary becau1e of it1 
own inertia and the fact that the forces tran1mitted by the 1u1pen1ion 1prlng1 are 
small until the relatlv displacement become• appreciable. Thu1 for a 1hort period 
of tim the relative velocity between the coil and the magnet ii equal to the ab1olute 
velocity of the point of attachment. The period of time over which thi1 relative 
velocity is euentially equal to the absolute velocity ii determined by the charader­
htic1 of the magnet suspension system: the natural frequency, and the dampin~ 
present in the system. 

5'1spen ion Damping 

For the m asurem nt of transient velocltle1 1uch a1 are obtained in 1hock 
te1t1, a velocity meter having a suep neion 1y1tem which ii e11entially undamped 
or only very •lightly damp d will, for a given undamped natural frequency, provide 
an euentially correct output ov r a longer period of time than an in1trument having 
gr &t r dampln . For xampl , Figure Z compare, the re1pon1e of an undamped 



meter to a step velocity input wH.h that o{ a meter having the 11ame undamped 
natural frequency but having damping equal to O. 707 of critical. At indicated in 
this figure, the •rror of the undamped meter is le•• than S percent for a period of 
time equal to about S perc-ent of lhe natural pP.riod of the meter. For moat ,hock 
vel,ocities recorded using unciamptd meters this fact provide, a reasonable 
rt..le-of-th11mb: Corrections of the meter output are not generally required if the 
period of interest, as measured from the initiation of the 1hock motion, doe, not 
exceed about S percent of the natural period of the meter, and the magnf!t in the 
meter does not hit a stop during that portion of the measure.ment. The curve 
correapondin~ to the response of an instrument having a damping ratio of O. 707 in­
dicates a~ percent er r or at a time only alightlf greater than 1 perce"lt of the un­
damped natu,:al period. This rapid decrease, which occur ■ witt. an lncrea1e in 
damping, in the p~ riod of time while the output signal accurately indicate, the 
absolute velocity, is the primary reason why the majority of the veloc ty meter~ 
designed for shock measurements are eaoentially undamped. 
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Figure Z - Velocity Ind 'cated by Mete re Having Different Damping 
Ratio When~ Step Velocity is Applied 
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Stc,pa are generally inserted within a meter tc; perform two primary function,. 
First, they are locat d 110 as to prevent the magnet from exceeding the linear range 
of the instrument: Thus the c- utput voltage remains at all time• an accurate mea,-
u e of the relative velocity Letween the magnet and the coil. Second, the 1top1 by 
eliminating exceas ive relative diaplac~ment1 within the in1trument prevent damage 
to the suspension system: Thia damilge would lead to change, in the characteriltic1 
o f the suspension during the time when mea1urement i1 being attempted. Of cour,~, 
when the magnet hits a atop (commonly referred to a, ''bottoming''), large force, 
are exerted hich radically alter the velocity o( the magnet, which in turn, produce, 
a voltage output from the mete r that i• not repre1entatlve of the motion of the coll 
form only. Thus, large, rapid, velocity chan1e1 are indicated in the output 1ignal 
•• a esult of bottominga. 



CORRECTION OF RECORDS FP.OM VELOCITY METERS 

A restriction which implies that the output o! the velocity meter la correct 

onl • for the period of time a •.er initiation o! the a hock input equal to S percent o! 

the natural period of the mt>ter con11titutes a very aerioua limitation on the uaeful• 

ness o! such an instrument. The posaibility of bottoming• in the tranaducer re• 

sponse tends to restrict even further the applicability of thia inatrument. Fortu• 

nately though, both of these restrictions may be overcome to 1ome extent by apply­

ing certain corrections to the output signal !rom the met~r. provided the character­

istics of the meter suspension system are sufficiently well known. 

DERIVATION OF CORRECTION PROCEDURES 

To derive the correction procedures, the equation ■ of motion for the com• 

ponents of the velocity meter must be examined. Figure 3 ia a achematic repre-

sen 1t;Jn of a velocity meter where m is the maa1 of the magnet, K i• the 1uapen­

sion spring constant, and C is th~ viscous damping present in the auapen1ion ay1tem. 

The absolute displacement of the magnet i1 repre1ented by Z and the ab1olute die­

placement of the coil f?rm and the point of attachment ii repreaented by Y; a dot 

above a variable indicates the derivative of that variable with respect to time. 

Maonet Z 
~-_j 

Coll Form 
m 

C 
K 

Figure 3 • Schematic Representation of Velocity 
Meter Suspension Sy1tem 

The equation of motion of the system illuetrated in Figure 3, therefore, ii 

mZ = C( Y • Z) + K( Y • Z). 

If w let 

then 

a~d let 

th n 

X = Y - Z, 

111Y • mX : ex ♦ KX; 

law = C/m and w1 = K/m, 

Y = X + 2owX + w1 X . 

5 



At l = 0, the entire system is at rest, i.e., Y = X • X = O, 

t 

hence X = r X (T)dT 
•• 

Integration in this c ase yields 

t t T 

y = X + lr\W r X(T)dT + w1 f I X(Ta )dTa dT. 
•• 0 • 

(1) 

The parameter w equals 2rr/T where T is the undamped natural period of the 1u1-

pended system; a is the dampin~ ratio. The output of the meter, of cour1e, i1 

directly proportional to X. Th , re fore, when the mathematical operation, indicated 

in Equation ( 1) are performed on the output of a meter which ha1 not bottomed, the 

resu tant will be a true meas11re of the absolute velocity of the 1tructure within the 

limitations impos d by thP. fit of the actual meter characteri■ tlc1 to the mathemat­

ical model. 

The situation in which the magnet hits stops is a bit more complex, however. 

At the time of bottoming, a large force is applied by the atop to the magnet for a 

short period of time, an•t thus a very rapid change in the ab1olute velocity of the 

magnet results. Figur 4 indicates schematically the situation where force, may 

be transmitted to the magnet by means other than the 1uspenaion system, such a1 

stops. This figure is identical to Figure 3 except that an additional force is indi­

cated on the mass. 

MaQnet Z ___ _J 
/Coll Form 

m 

C 
F 

_jY 
Figure 4 - ~chcmatic Repre,entation of Velocity 

Meter lndicatin Force Which May Be Applied by Stops 

Using th ame symbol a~ b fore with the addhlon that F • force exerted on 

the magn .. ~ by to ps , the equatio n of motiot1 for this system is •• follows: 

mZ = C(Y-Z)+K(Y•Z)+F. 

6 



IC we div ide by m and sub s t i tu te the terms 

X = Y - Z , 2nw = C/m, a nd w2 = K/m , 

then Y = X + ~awX + w2 X + F /m . 
. 

When, a 3 before, the system is at r e st or at t = 0 , Y X = :;;. = O. 

lntegratior. in this cas yields 

t t T J t 

Y = x + Znw r X( T)dT + w2 J .r X(Ta )dTa dT + - J F(T)dT 

• 01 mo 

o r 

y -
t 

l f F(T)dT = 
m • 

t t T 

X + law f X(T)dT + w2f f X(T1 )dT1 dT. 

• • • 
The force F b, of course, zero at all time, other than when the ma1net ii 

actually in contact with a II top. The term ~ J,tF(T)dT in Equation (2), in which 

the magnet is a11um-.d not initially in contact with a 1top, i1 zero until the magnet 

collides with a stop; it changes rapidly during contact, but upon separation remain• 

constant at the new value until another stop ii contacted. Since most velocity 

meters are con-,tructed eo th3t the duration of contact of the magnet with a stop 

will be extremely short, this term in Equation (2) consists of e11entially 1tep 

changes in velocity whose magnitudes corre1pond to the velocity chan1e1 imparted 

to the magnet by the stops alone. 

The right side of Equation (Z) h identical to the right 1ide of Equation ( 1); 

the se equations differ only by the term corre1ponding to the 1tep velocity changl!e 

undergone by the magnet. A1 a matte of fact, Equation (1) repre1ente merely a 

special case of Equation (Z) wherein the stops are never hit. Equation (Z), there­

fore, provides a means for correcting the reep.:,nee of the velocity meter for mag­

net motions resulting from bottoming as well as those r< 1ulting from force, 

transmitted by the 1u1pen1ion 1y1tem. 

DETAILED CORRECTION PROCEDURE 

The correction of the v·elocity meter output may be t r ~ated in two parts. The 

first is the correction for magnet motions resulting from 1u1penelon 1y1tem force, 

and is commonly called the 1ei1mic correction. The 1econd correction i• to com­

pensate for the velocity changes imparted to the mag~et by the 1top1. 

The 1eismic c orrection is effected by computing the right side of Equation(Z) 

using the meter output •• X. The computation must cover a period of time which 

begins prior to any d\sturbance o.i the 1yaten1 and continue through the entire period 

of intere1t. Thi• calculation is made throughout the record, regardle11 of whether 

or not it contain• bottomings. If any bottoming• are pre1ent they are temporarily 

ignored and the 1ei1mic correction ii made right on through the l·egion conta!!!lng 

them as if they were not pre aent. Of cour1e, no further correction, are nece1uary 

if no stops were hit, 

7 
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U, howev-, r, bottomings have occur red, their effect, may be removed af er 1eil• 

mic correction of the record. As indicated by Equation (Z), application of the 1eilmic 

co r:-cc lion results in a record which is equal to the difference between the de aired 

motion of the structure and the step change• in velocity undergone by the maanet during 

contact with the stops. These step c hanges in magnet velocity can be removed by adding 

, ual slt,p velocity changes to the record at the location of the bottoming. Thil addition 

is accomplished most readily and simply by merety 1hifting the entire length of record, 

from the point of bottoming through the remainder of the record, by an amount equal to 

the velocity jump at the point of bottoming. If additional bottoming• have occurred, tbe 

same procedure applies, i.e., shifting the remainder of the record from thii point of the 

bottom in~ by an amount equal to the velocity jump at that point. Figure S illu1trate ■ the 

effect of each of the corr ction procedures on a typical velocity meter record from 

an xplo ion test. Two stops were hit in thi■ particular e,cample. 

• ca. -
... -u 
0 

• > 

e 

8 

4 

0 

-41 

e 

4 

0 
0 20 

( A) Vtloclty Mtttr Record Prior to Any Corre ti0ft1 

Mot•ttt Hit Stop 

(B) VtlocitJ M,,., Record Sti1mlco11, Correcttd 

But Prior to Bottofflino Correction 

(Cl VtlocitJ Mt i ff R•cord StismicollJ Corrttttd 

ona Corrtct,d for Bottom,"O 

~ 
~ 

~ 60 80 .,.,....... 

40 ~ 120 140 IIO 

Ti111t-MHC 

"-
180 zoo 

f igurc 5 - Effe t o f Co rr c t.ion Procedures Ol'l Typical Velocity Meter Record 



The sequenc in which the correctiono are made h emphash.?d once again 
b c ause the sequence is critical. The seismic correction mu1t be made prior to 
attempti11g any bottoming c\'.>rrection. 

The corrections have b en treated here 1epara •ly to illu1trate the contd• 
butior of each to the re cord and for urpo•~, of clarity. The correction• can be 
and norn ially are made in o :1e computational proce11, but care mu1t be exercised 
to ass• . .ar t. that the integrations are performed only on the signal a1 transm ' tted 
directlr from the velocity meter, 

COMPUTATION MET HODS 

The correction procedures described herein have been programmed for u1e 
with the IBM 7090, which will accept a, data input magnetic tape1 that have been 
a..:tomatically digitized at a fixed rate. Program, are aho available for u1e on the 
IBM 650 with punched card in.,ut. Fixed time intervale bt, tween data point• in this 
case are not necessary. 

Sei n,ic corrections are routinely performed by mean, of electronic analog 
computation on velocity meter records which have been recorded on magnetic tape . 
Figure 6 is an unscaled computer diagram !or performing t1 e correction. Bottom­
ing corrections, however, are not presently performed by mean• of an analog 
computation. 

-·lt )( tr) dT 
• • t 

-Y+ * l F(T)dT 

O"tput 

Symbol• 

0 Potentiometer 

[I:> Integrator 

[> Sum mer or Inverter 

Figure 6 • Unscaled Anal<'g Computer Diagram for Performing 
Sd1mic Correction 
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DISCUSSION 

To check th , validity of the entire correction procedure a velocity meter 
record tha t has b ·e n obtair,ed from an instrument having a known input motion i1 
requir 0 d. This r L•co rd need no t, however, be c,.n exp\!rimentally derived mea■ ure• 

ment. The r ~sponsc of a velocity m e ter to fairly simple input motion, can be 
r~;idily c alculatcd from the t'qua tions of motion. A calculation of thie kind can then 
be c o rrected in the same man ne r as an Pxperimental record to re-df!rive the eimu­
lated input motio n a nd thu s verify that the correctlc,n prncedure1 do truly perform 
as expected. In Keferenc c Z the response o( a hypothe.tical velocity meter to a 
sinueoidal input velocity t-,a,. been derived. The re1pon1e cuTve of Reference Z h 
used here to demo ns trate the orrection procedu.re; the record wa1 read Crom a 
plot in the report and was r eplotted in ~igure 7(,a). The correction procedure, 
describ~d here in were applied in the sa~e manner•• for any other experimental 
record. The re s ul t of the seismic correction procedure prior to removal of the 
step velocity ch;rnge is giv n in Figure 7(b). The result of the correction procedure 
including the r emo val of the ~tep velocity change caused by bottoming i1 given in 
Figure 7(c). A ls u µlott dar e several points which correspond to point, on the 
analytic input function applied to the hypothetical velocity meter. 

The error in the corrected response curve of Figure 7(c) ii well within lhe 
range of errors ""hich can be xpec ted to accumulate because of difficultie s in 
es tablishing a base line and reading the curve from a report page, a, well a, from 
those d is tortio nd resulting from the processes of reproduction and printing ueed in 
producing a r eport. These ,, rrora, however, serve to illuetrate another important 
point. Corrections applied to any experimenta l records are not capable of extending 
the period c f accurate rnca ·u r ement indefinitely. Even though the correction pro­
ce dures a:-e mathematically co rrec t when applied to an ideal 1y1tem and have no 
theoretical limitations as to the time duration over which the correction• apply, 
instrument pecu l iari ties ULh as sus pe nsion nonlin e arity, nonconetant velocity 
se nsitivity over the displaLc 11 1c nt range, c ross-axh seneitivity, and noi1e 1ignal1 
contribu te to th e: •rrors whi h tend to limit the duration of accurate mea1urement1. 
Inaccu racit·s in the r eco rdi ng and data reduction proce11e1 aho, of couree, pro-
due er r or in t hl' final re su lt just as o meter defects. In fact, the error, 1hown 
in Figure 7( c ) ar • tho s e as ·o iatcd with he recording (printing) and data reduction 
( reading from th · urvc in t11 • report) processes since the original data from which 
the velocity mel1• r r es pons· curv in Re fe rence Z was originally plotted were cal­
cu lated and thus ma thematic, lly c o rrect. Had sufficient point, of thi1 original data 
been used in the c o rrectio n p ro ·ess , the e rrors illul'ltrated would not have been 
pres nt. 

The most s erious data inaccuracies are those which lead to error• that in• 
er ase wi th time. The sei s mic orrec tion is particularly 1u1ceptible to theee 
•rrors ut:cau s e o f the integ r,,tion processes required. For example, any conrtant 
er r or, suc h a s a ~li~ht s hift in th· zero velocity base line on the record, will re• 

u lt in a n e rr o r in the fir s t int •gra l that increases linearlywithtime. Thia error 
i th •n compo11nd ·d in th ':! s t·1.: orv integration and thereby lead■ to a parabolically 
incr •asin~ err o r in thL· doublL· int ·gra l. Errors of this particular nature, when 
they occur , are> u su lly introdu cd during the r ecording and/or data reduction pro• 
cc s ses. Thi s . 011 r · , · , o f co u r !ci c , iM not the only one of time growing error1; mo■ t 

of th• in ~trun , ·nt pl·<.:11 l ia rit ic s rrn·ntioned above lead to similar error,. 

10 
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A L rding ly, v.h •r e o r r •c tio ns involve the process of intt"gration, the pro ­

b.ibi li ty th ,11 timt· gr wing t· rr o r s wi ll occu r is h igh. S ince the se integrations are 

d t · t tt•d I.Jr t ht· 1•cl'1.itinn~ of 111 o tio n, a ny co rrec tion proce dure designed to compen­

sa te for th t• rnai..:rH·t ,no t ions 11 1•1 t o f neces sity in o lve similar integration procedur e s 

and th u b1.· sub j• t t er r o r o the same gen ral form. 

Som · p r ac t k,11 o iffic11 l tif' a r e also involved in eliminating the effects of 

bo t tominJ.t fr om c p · l'imen tal records. A primary cause of these difficulties 

aris s fr om thl' fa t t hat when uo tto ming occurs, the magnet remains in contact 

wi th th to p fo r a finite pcri c.J of t im e. During this pe riod of time, ■ ince the 

ma~ ne t -~to p int erac t io n c ha r acte r is t ic s cannot be adequa tely described, informa­

t io n abou t the inpu t •11o t ion to th coil form is lo s t. If, therefore, the bottoming 

oc ur at a t ime wh, ·n the input ve loci ty is changing rapid ly and irregularly, the 

ac tua l h,rnge in m.igne t ve loc i ty anno t b e accurate ly determined. Thus, bottom­

i n~ c o rr e tion t1.· nc.J to bc.:co11 1 • u nrt-li a ble when bottoming occurs tiuring accelera­

t io n o r c.J1.• cle r ation pha , of th· loc al structure motion which the instrument is 

a ttem pt in, to m a s1 1 r c . T ht•st: diffi c u lties also are not limited to this particular 

co rr ec tio n pro c.:dll rl' bu t wou Id apply to any procedure not capable of defining and 

com p n a t in~ for th mag ne t- top in te rac tio n characteristics. 

Alt hou •h wid • va ria t ion ma y occ ur in particular instances, application of the 

c or r ec t ion proc •d t1r1·s rna y Ul' ·xp•c t •d to e xte nd the duration of reasonably accur­

a t m a · r m · nt t .1 t ime rough ly eq uivalent to the natural period of the velocity 

me te r. Thus , in t h1.· ca ~ of an u nd ampe d meter, the corrections increase meat• 

u r <'me nt ti111P. b a fac to r on t h orde r of ZO. If more than one or two bottoming• 

o cu r d ur111~ th i p riod, the tim would probably be some what less. 

The.: r o le o f t he bo ttoming in the application of the seismic correction is fre­

q uc n t ly mi s ndc rs too<l . Ref ~ r t·nce l , for instance, has implied that it is necessary 

to divid e t he r e o r d i nto s ·gmcnl bou nded by the bottoming times, Such division is 

no t n ce ar y . Of o r e , the co rr c tio n may be applied in the manner established 

in Re f , n ·nc l. , which r equi r • • dividing the velocity meter record into as many 

r ·gio ns or cgmcnts a thel'L' a r e bottomings in the record, The corrf'cted 

n · o r d i the n ob tai ned by "lt·pa rate computation for each of these regions in 

scqu nc u-, ing C(•rt ai n i nfo r 111a t io n obtained from the preced i ng regions. Although 

the m<' thotl o f Hd · rt · n ·e 2 is 111 themat ic ally equivalent to the procedures described 

he r e in, i t •ems a hi t mo r t: lab rious . 

O n advantage o f the p r o l'du r es d !lc ribed he re is that the seismic correction 

m ay be co nt inu ou!.> l y comput~d withou t segmenting the record. This procedure is 

pa rticu la rly r1 s i r ab h· if th · u se.: of e l ctronic analog computational m e thods i scon­

tcmplat •d si ne• in t ·g r a t io n in t bi case may proceed without interruption. 

The e r ron ,' ou s co nclu iun that the proc e dures described in this report are 

incorrec t wa drawn in R fo r l·nce l, whe n an attempt was made to apply them to 

the hyro tht:tica l vl•loci t y m t ·r r 'co rd of Figure 7(a) above. The result obtained 

in t ha t ca s • w. s cor r •ct unt i l the ti me of bottoming bJt thenceforth the error in­

e r ' as d r a pid l y 11nti l a t t h t·ncl o f th ~ r e c o rd the indicated velocity was about 

- 300 ip r a t h •r than th corr c l va lue o f ze ro. 
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Appar •ntly thi result wa . ob tained by computing the seismic correction in 

tw indeJJ ndent gments rather than by means of one continuous computation 

st,ar ting from th b ginning of th record. The first segment, that portion of the 

r ·co rd pr c cling bottoming, indicates a correct solution. The second segment, 

th portion of the r r ord after bottoming, rapidly deviates from the correct solu­

tion, how vcr. Th errors produced are those obtained when the seismic correc­

tion derived herein is applie only to thf' seconc! segment, but ignoring the first 

s •gme nl and t1: us co n id ring the system to be at rest at the time of the bottoming . 

Thi approach, of course, is errone .:>us since it ignores the contribution of the 

fir t egment to the int«-grals of th correction equation obtained when the proced• 

urc i9 prop · rly appli cl. Tobegintheseismiccorrectionatabottoming, the correct 

initial conditions would ha e to uc applied to the cor·rection equation, which basically 

is th prcc dure advccated in R •fe rc:ace Z for performing these seismic corrections. 

SUMMARY 

Th corr ctic,n proc dur described in this report and long in use have been 

shown to b th oretically justified. These procedures for correcting the velocity 

m , t • r output in the me s ur m nt of ab,olute velocities are baaed on two major 

prcmi!Jes: One is that the s:.1sp nsion system is linear, and the other i ■ that the 

ntir syst m is al. r t prior to th arrival of the shock motion. Although the pro­

•du r s thu s d rived will be applicable in most practical situations, no fundamen­

tal limitati on dictak C'1 thcr r quirement. The proc~dure can be readily extended 

to cov r th • i tuation s where only one or neither of these requirement ■ is met. 

provided of cours«:, that those situations can be adequately described. 
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