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                 of Vertical Gradient of Gravity
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Abstract

    In this paper a new method of computing topographic effect upon the intensity of gravity
determined at the earth's surface is described. The cornputation of topographic effect is done

by tables of which the tabular values of the effect are obtained in microgal in order to meet the

sensitivity of the modern gravimeter, O.Ol mi11igal(mgal) or 10 microgal(ptgal).

    In this method the area around a gravity station is divided into 300 sectorial compartments

by 26 concentric circles with the center at the station and 12 equally spaced radial lines passing

through it. Radius of the circle increases with the common ratio B which is 1.5849, the smallest

and the largest radii being respectively lmand lOO km '
    A transparent graticule, on which the above concentric circles and radial lines are drawn,

is placed on a topographic map with a center at the gravity station represented on the map. The

mean height of land surface within each compartment is estimated. The vertical attraction of
each sectorial compartment block with its height equal to the above obtained mean height is com-

puted in microgal by the tables and by assuming an appropriate value to the density of the block.

    The accuracy of the value of the attraction thus obtained by the tables is examined by em-
ploying a model topography of which the vertical attraction at the station can be exactly calculated

other than by the tables. The resuit is that the tabular vaiue differs from the exact vaiue by a

little less than O.1 mgal. The computation tables for gravity is applicable to the topographical
correction upon the intensity of vertical gradient of gravity which is obtained by (gi-g2)/6z, where

gi is the gravity value at a ground station and g2 at a station at a height Oz vertically above the
former.
    Convinient tables for obtaining the effect of near topography which may be treated as two-

dimensional are obtained.
    At four selected stations in the mountainous area of the central Honshti of Japan, the to-

pographic corrections have been done by the tables mentioned above upon the intensities of
gravity and its vertical gradient, and the values of the Modified Bouguer anomaly at sea-level

at these stations have been obtained to prove that the Simple Bouguer anomalies at stations in a

lofty mountainous area are dangerous as data to find the state ofisostatic equilibrium or, generally

speaking, the mass distribution below such an area.

Introduction

Since the appearance of gravimeters with an accuracy of O.Ol mgal, the



136 Etsuo ABE

gravimetric research of subsurface geological structure and particularly the gravi-

metric prospecting ofunderground natural resources have been speedily developed.

In order to infer a subsurface geological structure from the values of gravity meas-

ured on the ground surface, they must be submitted to the well-known three dif-

ferent corrections, namely 1) topographical correction, 2) Bouguer correction and

3) free-air correction. Among them the topographical correction is indispensable

for making the best use of modern gravimeter accuracy of O.Ol mgal. In this

paper is described the author's new rnethod of topographical correction. For

finding the errors involved in the topographical value at a gravity station com-

puted by the tables which the author has constructed in this paper, they were
applied to a model topography which is an assemblage to form a pyramid ofsimple
sectorial blocks of which the vertical attraction at the same station can be exactly

calculated. The error thus found was O.07NO.11 mgal. For obtaining this error,
the effect of the uncertainty in the assumption of the density of blocks is not con-

sidered in this paper.

                gl. Method of topographic correction

    Different methods of topographical correction for the intensity of gravity have

been published by several authors such as Hayford (1912), Bowie (1917), Jung

(1927), Bullard (1936), Hammer (1939), Fuchida (1948) and Matsuda (1952). The
method described in this paper is based on the following principle, which is similar

to the Hammer's method which may be most convenient to usage according to
the author's experiences. The whole area (in a given topographic map) within a

circle of radius 100 km from the gravity station, is divided by a number of con-

centric circles with the common center at the gravity station and equally separated

radial lines drawn from the station to form a great number of sectorial compart-

ments. The mean height of the topography in each compartment is estimated.
The vertical attraction at the gravity station of the compartment block, of which

the height is equal to the mean height, can be computed exactly. The summation

of the vertical attractions of all the compartment blocks is the required topograph-

ical correction at the gravity station. The error involved in the thus obtained

correction arises from the adoption of the mean height instead of the actual topog-

raphy and also from the assumption of the density of the compartment block.

    For a distant topography beyond 100 km from the gravity station, a different

method of correction should be adopted taking the earth's curvature into con-
sideration. This is out of the scope of this paper.

    If r. and r.+, are respectively the inner and outer radius of the compartment

block, which is standing above the horizontal plane passing through a gravity
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station P at the height H above the sea-level, 2zlN the angular width of each
compartment, h the height of the compartment block above the sea-level, and a
the density of the block, the vertically downward attraction r. at the gravity

station of the block is, the axis of Z being directed in the vertically downward

direction (Fig. 1),
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      r. == -2Xr •a• {r.+,- r.+Vrk+( h- H)2- VrS.i+ (h-H) 2} , •••( 1 )

where r is the attraction constant, for which let us use the 6.67,Å~ 10-8 c.g.s.. In

the following let us estabiish the values for IV and r. and r.+, for the sake of

making the table of the values of r.. At the outset let us employ

                           1 - 1 =.. 1 , "."."..""..--••-•-•-(2)

                          rm rm+1 rm
where a is a constant. From the Eq. (2) follows

                          rm+i ri 1 -                           r. nt1-a-P' '"'""'"'"'"'"'"''""'(3)

where P is another constant depending on a. Then, for the first n ones of the
whole concentric circles m takes the values of 1, 2, •••,n, and from the Eq. (3)

we get

                             r2 :flrl

                             r, == .P2r, ".."."H..""."...,".".,"(4)
                                 :
                             rn = P"-iri .
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Further assuming

                   r. == 10r,, •-•-••-•-••--•-••-•••-•-•m"-••••-•-•(5)

we obtain

                   (n-1) log,, fl = 1 or P = 10il("-') ......................(6)

If for the positive integer n, which is the number of the concentric circles from

r, to r. ==10r,, a suitable value is selected, the value of P can be determined from

the Eq. (6), and all the values of r,, r,, •••, r. can be done from the Eq. (4).

Now next, let us determine the value of 2V, the number of the radial lines equally

separated. If we require that the shape of each compartment should be approxi-
mately a square, Nis an integer nearest to the value of N' given by the Eq. (7)

                        Nr,=r.+i+rm=..P+1. ."...m...".mm".(7)
                             rm+i-rtn i8-1

    Next, let us proceed to find a suitable value for n. If we adopt a smaller

value for n, the value ofP increases to produce asmaller value for N' and, there-

fore, for 2V, as dlV'/dP is a negative quantity. The smaller is the value ofnand,
therefore, of IV, the smaller is the number of the total compartment. This means
the increasing of the speed of carrying out the topographical correction. However,
this means the decreasing of its accuracy, because the error of the adoption of the

mean height for the compartment against the adoption of the actual topography
increases. Therefore, the eMciency and the accuracy of the topographical cor-
rection are contrary to each other. Selection of a suitable value for n is subject to

this condition.

                 g2. Tabulation of the values of r.

    From the condition shown in the end of the foregoing article, the author has

employedavalue of6for n. By means of this value of n, the Eqs. (6) and (7)
give rise to P=1.5849 and IV=12 respectively. From the author's experience,
these values ofn and N are appropriate to the usual topography. Now letting
the radii of the 6 concentric circles be r,, r,, ..,, r,(==10r,), and starting from

ri == lm, we get

                           r, = 1.ooOOm

                           r2 == 1.5849m

                           r, = 2.51 19 m
                                              -••--•-•-•-••--•-•-•(8)
                           r, == 3.9811m

                           r, = 6. 3096m

                           r, == lo.oooo m .
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    These six values of r,. given by the Eq. (8) belong to the first six concentric

circles which are nearest to the gravity station.

    Let the zone bounded by the two concentric circles of radii r,== 1.0000 m

and r,=10.0000m be called A zone, beyond which there are 4 zones called B,
C, D and E zones. The smallest radius of each zone is equal to the greatest radius

of the preceding zone. This scheme is as follows:

                ri == 1 mN r6= 10 m-Azone
                ri == 10 m tN, r6 == 100 m-B zone

                ri = 100 m tNJ r, = l km - C zone .••.••"•m•••(9)

                ri = 1 km N r, == 10 km -D zone

                ri = 10 km N r, =100 km -E zone ,

where the values of the intermediate radii r2, r3, r, and r, of any zone are ten

times those of the preceding zone. The Eq. (1) can be rewritten as

        r. :- -2i3r•a•r.•(B-i+/Vi+(h;I.H)2-,vlfi2+(h];.;H)21. ...(io)

For simplicity's sake let us put

        f.-H2ier•,.•(p-i+/Vi+(h;.;H)2-VJ2+(hi.iH)2), ......(ii)

when (h-H)>O (Fig. 2(a)), the density o is positive, and in this case (11) takes

the form

               ' r. ==f.•o. -•-•-••--•-••-•-••-•-•-•(12)
The Eq. (11) also holds for the case in which (h-H)<O and a<O, i.e., for the
case of empty b!ock (Fig. 2(b)), because in this case, for calculating T'., the inte-

gration with respect to Zis done from (h-H) to O, whereas in the former case
the same integration is from O to (h-H).

      p -- "-h--LH- p -"" --
                                                         Datum Levei                                              -f              ll              ih : H-h              11          Hl la H, ,a              1! ,hl              dl Jt                                                        Sea Level              ll                                        ld          r.- : r.- l                       bb              ir.., 4• e.,, -'

                 (a) (b)
Fig. 2.
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    Therefore, for both the cases the same Eq. (12) holds. Since in the ex-
pression off. the quantity h-H appears as (h-H)2, for both the real and empty
blocks only the absolute value lh-Hl is concerned. As shown by the Eq. (12),
r. is proportional to o, the table for r. may be constructed for a==1.00 gm.cm-3,

that is the table off. of which the unit in c.g.s. is gal/gm.cm'3. As shown by

the Eq. (11),f. depends on the ratio ofh-Hlr., so that the table off. may be
constructed for successive value of this ratio appropriately employed. Each zone

of A, B, C, D and E is divided into 5 subzones bounded by the 6 concentric circles

ofthe radii ri, r2, r,, r4, rs and r6 (=10r,), and these 5 subzones are called the subzone

I, II, III, IV and V. The values offi,th,fui,fiv and fv, of which the suffixes

indicate the subzones, are then to be tabulated. At the outset, by the Eq. (11)

in which N=l2 and fl=1.5849, the values offi of the most distant zone E were
calculated in ptgal (= 10'3mgal) for every O.OOI ofthe ratio 1 h-HIlr, for the range

from O.OOI to O.500 and with r,=:10,OOOm. Multiplying these values of lh-Hllr,

by 10,OOOm, we obtained values of 1h-Hl in meter. Then was constructed the
table offi of the same zone E for every 10m of ih-H1 ranging from 10m to
5,OOO m. Next, the values ofth of the same zone E were found by rnaking use of

those offi thus obtained by a method as described in the following. For a moment

let us denote the values of lh- H1 ofa compartment of the subzone I and that of

II by ih-Hl, and Ih-Hln respectively. Then, if lh-HIn=Plh-Hl. we
have lh-HInlr,=Ih-HIi/r,, owing to r,===Pr,, and, therefore, the value ofth
for suchavalue of Ih-H1n is equal to the value of Pfi for the above value of
 ih-Hl! (=lh-Hln/P). Consequently, it was able to draw a curve to represent
a variation offii vs. [h-HIii. The curve thus drawn was almost linear except for
the vicinity of the origin to ensure us an accurate interpola'tion of the curve.

From this interpolation, which had been most accurately carried out, we obtained

the values offir for every 20m of 1h-HI from 20m to 7,980 m to construct the
table offn. From the table offi, was in the similar way constructed the table of

fm for every 25 m of lh-Hi from 25 m to 12,575 rn by employing the multiplyer
P2 instead of P which had been employed in the construction of the table offii,

the table offrv for every 50 m of [h-H I from 50 m to 19,900 m by employing the
multiplyer P3, and finally the table offv for every 50 m of lh-H1 from 50 m to

31,550m by employing the multipiyer fi`. Thus the five tables offi,fmfm,frv

andfv all belonging to the zone E were completed.

    The similar five tables belonging to the remaining zones D, C, B and A (the

nearest zone) can be easily obtained, owing to the functional working of the par-

ameter r. in the Eq. (11), by simple, successive shifts in the Ieftward direction of

the decimal points of the tabular figures of 1h-Hl andf. (m==I, II, III, IV and

V) of the successively preceding zones E, D, C and B respectively.
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    The total results for all the zones A, B, C, D and E are given in Tables I--1,

2, 3, 4 and 5 filed in the end ofthis paper. The usage ofthe tables will be explained

with the following examples. 1) Let the value of lh-Hl ofa compartment
bounded by two radial lines separated by an angle of 300 in the subzone Iofthe

zone E be 1,550 m. Then, the value offi for this value of ]h-Hl is read as
153.0 ptgal (cÅí Table I-1). 2) If 1h-H1 =1,550m for the similar compartment
in the subzone II of the same zone E, the value offii is 97.3 ptgal, the mean of

the two tabular values of 96.8 and 98.5 xtgal (cÅí Table I-2(a)). 3) If lh-Hl

=:682 m for the subzone III of the zone D, the value offru is equal to 114.46+
(115.28-!14.46) Å~2.0f2.5= I14.46+O.66 --115.12 pgal (cf. Table I-3(b) in which

we have to employ the leftward shift of the decimal points by one figure of
the tabular values of l h-H l and fiu) •

       g3. Utilization of the topographic correction tables for
             the intensity of vertical gradient of gravity

    It is necessary to make a precise topographical correction upon the observed

va!ues of the vertical gradient of gravity. When the gravity difference between

two points lying on a vertical line with the height difference 6z assumed to be
small is 6g, the vertical gradient of gravity at the middle of the two points, or

approximately at the lower point usually taken at the ground surface, may be given

by the ratio 6g16z. If the topographical effect upon the gravity value g, at the
ground surface is r(,) and that upon the gravity value 9, at the higher point r(,),
the va!ue of the vertical gradient of gravity corrected for the topography is

                (gi-r(i))'(g2-r{2*,) .. 9i-g2+r'(2X-r(i) . ...............(13)

                                       6z                         Dz                                                5z

The first term at the right side of the Eq. (13) is the observed value of the vertical

gradient and the second term the topographical correction. The values of g, and
g, can be observed with an accuracy ofa few units of O.Ol mgal by using a gravi-

meter, so that the same accuracy is required to r(,) and r(,). According to
the tables of the topographical effect given in the present paper, the correctional

value can be obtained at least down to the figure of O.1 ptgal (O.eOOI mgal). For
the range of the topographical correction upon the vertical gradient of gravity
determined by the Eq. (13), the distance of 10km from the gravity-gradient
station is usually suMcient, according to the author's experience. Then, the total

number of the compartments concerned with the vertical gradient of gravity is
240. Therefore, the computation errors in r(,) and r(,) arising from the tabular
error of Å}O.OOOI mgal for each compartment is

' rE2)==r(2)-2zar•6z•a (==O.04193•az•o mgal) (cf. g6 ofthis paper)
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                  Å}O.OOO1v!240a = Å}O.OO155o mgal, ••••••••••••••••••(14)

where a is the density assumed constant for all the compartments. Hence, the
error expected in r(,)-rq)/6z is

                  Å}O.OO155v! 2                                   Å}O.O022                                          a mgal/m. ••••••••••••••••••(15)                               a=                       6z Sz
The measurements ofvertical gradient of gravity in Japan have been continued

since Sept. of 1955. At the beginning, the value of 6z was about 10m when
making use of fire-towers and later has been about5m since we began to
exclusively use ajeep equipped with an extensible ladder of which the upper plate

when fully extended is at a height of about 5m above the ground surface.
Therefore, the errors computed by the Eq. (15) are Å}O.OO02a mgal/m and
Å}O.OO04o mgal/m for 6z=: 1 0 m and 5 m respectively. If we assume 2.67 gm . cm-3

for a, thosevalues become Å}O.OO053 and Å}O.OOI06 mgal/m. The observation error

ofthe vertical gradient (g,-g,)/6z observed by the gravimeter and the jeep above

mentioned has been found to be in the range from Å}O.OOI mgal/m (=10 E6tv6ses)
to Å}O.O02 mgalfm ( == 20 E6tv6ses). Therefore, the topographical correction tables

obtained in this paper may be safely utilized for the topographical correction
upon the intensity of vertical gradient of gravity observed with the accuracy men-

tioned above.

         g4. Actual procedure of the topographic correction

    Concentric circles are drawn on a transparent sheet with the radii r. reduced

to the scale ofa topographical map adopted. These circles are divided into 12
equal parts by the radial lines drawn from the center to form sectorial compart-

ments. Next, putting this center on a gravity station plotted on the topographical

map, the mean heights h above the sea-level of the topography within the com-
partments are estimated. If the height above the sea-level of a gravity station is

H, we can obtain the values of i h-H l of the compartments belonging to a selected

subzone of a selected zone, from which the corresponding values off. can be ob-

tained from the corresponding tables off. (m=I, II, III, IV and V). Multiplying

the thus obtained values off. with the density a of the corresponding block
suitably estimated by the help of geological maps, the value of the topographical

effect r.= f..o can be found. Then, the summation ofall the thus obtained values
I"' . up to the greatest value of r., which is usually less than IOO km, is the topo-

graphic effect at the gravity station. Subtracting of the summation Xr. from the

gravity value observed at the station means to accomplish the topographical cor-

   .rectlon.
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                g5. Errors of topographic correction

    The errors involved in the topographical effects f..o(= r.) obtained from
Tables I-1, 2, 3, 4, 5 arise from the situation that the actual topography within

each compartment is replaced by the compartment block of the mean height
1h-Hl . Errors also arise from the uncertainty of the density a assumed to the

block. However, this kind of errors is not discussed in the present paper. At first

will be examined the error produced when the actual topography of a compart-
ment has a constant slope along the radial line (Fig. 3(a) and Fig. 3(b)). Ifthe
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vertical attractions, directed upward and therefore negative, at a gravity station

P of two compartment blocks of actual topography, whose radial cross-sections

ABCD as shown in Figs.3(a) and 3(b), are denoted by f. (ABCD). and
f. (A B C D)b respectively, and those at P of the two such equivalent compartment
blocks of cross-sections A B (i b, where d D- is a horizontal line, that volume

A B C D=volume A B C D, be denoted by f, (A B C D). and f. (A B C D)b
respectively, a simple physical consideration will easily prove

            O>fi[Q:gBl::,Lz[Q,Bi'B3a,., E,FITS.'g,(g,)ll•••••••••••••(i6)

    The actual topography around a gravity station is usually so irregular that,

as to the radial slopes of the ground surface, the ascending slopes and descending

ones are nearly, equally frequent, so that the errors arising from the replacing of

the compartment blocks of actual topography with their equivalent blocks with the
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mean hcighth-Hnearly cancel each other, as can bejudged by Eq. (16). Fur-
ther, we have to examine the case in which the ground surface ofa compartment
block slopes in the direction perpendicular to the radial line. In Fig. 4, A B C D

is the vertical cross-section of the block of the actual topography with a slope

e at a distance from P equal to (r.+r..,)12, (P) is the projection ofP on the inner

-' e

c6

:
h-H

A (P)

Fig. 4.

B

vertical wall of the block and A B C D is the cross-section of the equivalent block

with its volume equal to that of the block A B C D. Then, simple calculation
will prove that the sign of the error of the vertical attractionf.(A B C D) against

the actual onef.(A B C D) depends on the values ofr., h-H and e, so that in the

whole area of the topographical correction the occurrence of the positive and
negative errors may be nearly, equally frequent and they may nearly cancel each
other, just as in the case of the radial slopes. It can, therefore, be said that the

replacing of the ground surface of a compartment block with the horizontal upper

surface of its equivalent, equivoluminal block may not produce a large error.
However, it would be necessary to examine the value of this kind of error by em-

ploying a model topography, and this will be done later on.

    Before doing this examination, let us examine the influence of the error
involved in the estimation of lh---H1 in the case of usual topography in which

r,. is generally greater than lh-Hl. If the error in f. produced by the error
d(h-H) in the relative height h-H is denoted by df., we get by differentiating
the Eq. (11) with respect to h-H

          df. ==Å}1.2gos•1o'6•lhMHIId(h-H)e gal/gm•cm"3, •••••••••(17)

                               rm

where 1.2908•10-6 is the value of (2zr/N).(P-1)/P with the values of r. and
h-H expressed in meter. If we put df. =10-" for one compartment, the summa-
tion ofthe effects ofthese errors for all the 276 compartments is 1O-X.276'/2==10-X.

16.65. Putting this value equal to 10-5 gal, the sensitivity of the gravity measure-

ment by a gravimeter, we obtain x=6.22 and let us adopt x==6, which produces
from the Eq. (17)
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                  lh-Hl•ld(h-H)1 == O.77471•r. m2, ••••••••••••••••••-•(18)

which is a rectangular hyperbola with a parameter r., as shown by the diagrams

in Fig. 5. The diagrams indicate as follows: For a given subzone ofa given
zone, the permissible error d(h-H) in the estimated value of lh-Hl increases
with decreasing value of it, and for a given value of lh-Hl within a given zone

ld(h-H)1

 m50

40

30

20

10

o
A O,1 O.2 O.3 O.4 05

lh-•H1

B 1,O 2.0 3.0 4.0 50
10 20 30 40 50

D 100 200 300 400 500
E 1OOO 2000 3000 4OOO 5000 m

                                 Fig. 5.

the error also increases as the distance of the subzone from the gravity station

becomes greater. The ratio 1d(h-H)l/1h-Hl with a given value of 1d(h-H)1
in a given subzone increases with a common ratio of 10 as the zone approaches
the gravity station. These diagrams will help a map reader in judging with what

degree of accuracy the mean height h of the topography of a given compartment
should be found.
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      g6. The value of the topographic effect r=X.=rX(f.•o)
           as compared with its exact value by employing
                         a model topography

    A model topography employed here is a pile oflots ofsectorial blocks ofequal

thickness of 1OO m forming a pyramid (Figs. 6(a), 6(b) and 6(c)). The lowest block

standing on the datum Ievel through a gravity station P, at the ground surface is

just covered by the continuous zones Cv, Dr, Dir and Dm, where Cv, e•g•,
means the subzone V of the zone C, and two radial lines separated by 1500.
Another station P, situated 5 m (= -6z) vertically above P, is employed for an
examination of the topographic effect on the vertical gradient of gravity at P, as

compared with its exact value. Assuming 2.67gm/cmS to the density a, the
exact values of the topographical effects at P, and P,, being denoted by r(,) and

r(,) respectively, can be computed by making use of the Eq. (10). For tabular

computation of rq) and r(,) by tables I-1, 2,••,,5 and a==2.67gm/cm3, a
transparent graticule has been prepared upon which the necessary concentric
circles and radial lines are drawn, with a scale equal to the scale of the maps to be

used, to show the compartments. The value of r(,) obtained by the tabular
computation means that the empty space between the ground surface and the
datum level passing through P, is fi11ed with mass of density o, so that the vertically

downward attraction of an infinitely broad, horizontal plate of a thickness
6z(== 5.00 m) and ofthe density a, O.04193.6z.a mgal, should be subtracted from

the values r(,), because for both the points the topographical mass lying above
the datum level through the ground station should be removed. Let r2,) denote
the value of r(,) subjected to the above subtraction. In Figs. 6(a) and 6(b) one of

the radial liries passes through a point shifted to the right and left sides respectively

of the middle point of the summit line of the pyramid. The comparisons between

the tabular and exact values of rq) and rC,) are shown in Table II and III.

    The above two means, O.089 and O.095 mgal, of the corrections to be added
to the tabular values are nearly O.1 mgal which is 10 times the sensitivity of

the present portable gravimeter, O.Ol mgal. In this model the corrections are

  Table II. Topographical effect rca)= E(rth)(i) upon the intensity ofgravity gi at a ground
          station Pi with a==2.67 gmlcm3.

Fig. 6(a) Fig. 6(b) Mean

Tabular value

Exact value

Corr. to be added to
the tabular value

-3.167
-3.273

-O.106

mgal
-3.210
-3.273

-O.072

mgal
-3.184
-3.273

-O.089

mgal
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Table III.

                   Etsuo 1inE

Topographical effect rC2)=S(rm)(2)-O.04193.6z.a upon
gravity g2 at a free-air station P2 with a==2.67 gm/cm3.

the intensity of

Fig. 6(a) Fig. 6(b) Mean

Tabular value

Exact value

Corr. to be added to
the tabular value

-3.087

-3.199

-O.112

mgal
-3.121
-3.199

-O.078

mgal
-3.104
-3.199

-O.095

mgal

negative, but another model may be possible which produces positive correction.

Consequently, with the actual topography within a distance of some tens of kil-

ometers or 100 km from a gravity station, the correction to be added to the tabular

value due to the total topography would not take a very large value, and it may be

expected that the reliability of Tables I-1, 2, •••,5 for the total, actual topog-

raphy would be at least Å}O.1 mgal. However, examination of this reliability
on more rigorous and reasonable basis is a task the author has to undertake.

    In Table IV are shown the comparisons between the tablular and exact
values of (r(,)-rE,))/5.00, i.e., the topographical effect in mga]/m upon the in-

tensity of the vertical gradient of gravity at the ground station P, which is ob-

tained by (g,-g,)/6z (cÅí the Eq. (13)). The sensitivity of the gravimeter to

    Table IV. Topographical effect (r(i)-T(2))15.00 upon the intensity of vertical gradient
             of gravity at the ground station Pi.

Fig. 6 (a) Fig. 6(b) Mean

Tabular value

Exact value

Corr. to be added
to the tabular value

-O.O160

-O.O148

+O.OO12

mgal/m
-O.O160
-O.O148

+O.OO12

mgal/m
-O.O160
-O.O148

+O.OO12

mgal/m

measure gi and g, is O.Ol mgal, and therefore, the sensitivity of it as a vertical

gradiometer of gravity with Sz=5.00 m is O.OIV 2 /5.00=O.O028 mgal/m, which
is nearly twice or in the same order of magnitude of the value O.OO12 mgallm,
the mean of the two corrections to be added to the tabular values in the table.

This isjust opposite to the case in which the error involved in the tabular value

of the topographic correction upon gravjty value is, already mentioned, about
10 times as large as the sensitivity of the gravimeter. This result indicates that

Tables I-1, 2, •••,5 are more reliable for the vertical gradient ofgravity than for

gravlty.
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        g7. Some examples of the topographic corrections for
                    gravity and its vertical gradient

    From November 1958 to October 1959, the vertical gradients of gravity were

measured at 145 stations occupied at the first order bench marks in the central

part of Honshti, Japan, by using a Worden gravimeter No. 127 of the scale con-

stant=O.1004 mg41 per small dial division and ajeep equipped with an extensible
ladder of which the top plate to mount the gravimeter when fu11y extended is at

a height of about 5 m above the ground surface; this height changed from 4,85
to 5.25 m according to the station. At the four stations selected from the above

145 stations, the topographic corrections were carried out by Tables I-1, 2, •••, 5

upon the intensities of gravity and its vertical gradients at these four stations to

obtain their Modified Bouguer anomalies at sea-level. The results are shown in

Table V. In the table Simple Bouguer anomaly, a name given to dgo", is iden-
tical with Bouguer anomaly employed in the pendulum age of the gravity measure-

ment; in this old age the topographic correction was disregarded with usual
topography owing to a low accuracy of the gravity measurement and further the
free-air reduction was made by the coeMcient O.3086 mgal/m, the vertical gradient

of the nomal gravity near the sea-level. In the present age of a high precision
gravimeter, the topographic corrections are requisite to the observed values not

only of gravity and but also its vertical gradient, the latter being not observed in

  Table V. Actual examples of the topographic corrections for gravity and its vertical gradient.

Station
 No.

Bench mark
   No.

Height above
sea-level
    H

Simple Bouguer
anomaly at Pi
    Ago't

Observed value of vertical
gradient of gravity
     (gi-g2)loSz

14

32

43

58

 644

 813

5191

 863

851

201

106

 17

m     mgal
-31.4 *
-12.8 *
+ O.4 *

+16.2 *

   mgallm
O.265

O.252

O.268

O.297

Table V (cont.).

Station
 No.

TopographiÅë
effect upon gl

   ro)

Modified Bouguer
anomaly with a
distance of 25 km
rige't -r(i)! dgo'i(25)

Topographic effect
on the gradient

 (r(,)-rE,))/6z

Vertical gradient at
Pi corrected for
topography
   Og"10z

14

32

43

58

    mgal
- 4.9
-10.6
- 2.7
- O.4

-26.5

- 2.2
+ 3.1

+16.6

mgal
-O.O13

-O.041

-O.045

-O.OIO

mgal/m
O.278

O.293

O.313

O.307

mgal/m
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TableV (cont.).

Station Anomalies in Corr. to the usual
 No. Og"/Oz free-air reduction
       Og't/oz-o.3og==Z RH

Modified Bouguer
anomaly corrected
for ZH dgo"- dgo"(25)-     dgot'(25) dgo"(25) dgo't(25)

14

32

43

58

-O.031

-O.O16
+O.O04
-O.O02

mgal/m
-26.4
- 3.2
+ O.4
  o.o

mgal
-52.9
- 5.4
+ 3.5
+ 16.6

mgal
+21.5

- 7.4
- 3.1
- O.4

mgal     mgal
+26.4
+ 3.2
- O.4
  o.o

" Tsuboi et al. (1955)

the pendulum age. Modified Bouguer anomaly means Simple Bouguer anomaly
upon which the topographic correction was done for the topography within a
certain distance from the gravity station. The figure 25 in the upper suffix "(25)

of the sign of Modified Bouguer anomaly indicates the distance in km from the
gravity station within which the topographic correction has been done. Thls
upper suMx, of which inside the brackets the figure of any desired distance is writ-

ten, is what N. Kumagai has been using in his unpublished works, and is employed

in this paper by his permission. The lower suflix 9 attached to Modified Bouguer

anomaly corrected for ZH, rig,"(25), indicates that it is Modified Bouguer anomaly

at sea-level, in contrast to which dge"(25) is Modified Bouguer anomaly at a station

infree-air. These two kinds of phrase "at sea-level" and "at a station in free-air"

were already employed by N. Kumagai, et al. (1960). Of the three kinds ofBouguer

anomalies, namely Simple Bouguer anomaly, dgo", Modified one, dg,"(25), and
Modified one corrected for ZH, dge"(25), the most trustful one is the last mentioned

one.
    The errors of the above mentioned first and second Bouguer anomalies against

the third are shown under the headings dg,"-dg,"(25) and dg,"(25)-dg,"(25) in the

last two columns of Table V (cont.), indicating that the error generally increases

as the height of the station increases. Therefore, it can be said that both the

two anomalies dgo" and dgo"(25) in a lofty mountainous area can never be used
for finding the state of the isostatic equilibrium, or generally speaking, of the mass

distribution under the area and, instead, the Modified Bouguer anomalies dg,"(S)

should be used, of which S in the brackets of the upper suflix indicates the greatest

distance within which the topographic effect has been removed.

g8. Method of correction for near topography
          assumed two-dimensional

Near the gravity station frequently appear the topographies of ascending and
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descending steps which may be treated as two-dimensional with the cross-section as

shown in Fig. 7(a) and 7(b). In the figuresH and H' are positive quantities and

the axis of Z is directed vertically downward. This kind of correction may be
made, as usually done by condensation of the excess or defect of mass respectively

above or below the ground level LL' upon a horizontal plane (shown by a broken
line in Fig. 7(a) and 7(b)) which divides the excess or defect of mass into two equal

L

P
-- - --

H. or

-d-- . - )

H'
Da

D
'

)+eo
Datum

  L'

Level (a)

z

L

H'

Da

' H

a -- - - - -- - - . - +

Daturn

  c

Level

(b)

                                 Fig. 7.

parts and by calculating the effect of such a condensed mass at the gravity station

P. In this case, the larger is the ratio HID, the larger becomes the error of the

condensation. If the vertical attraction at P of the mass of the ascending step

(Fig. 7(a)) above the ground level LL' is denoted by F, we have

F == -2r•o•(-ii- (fl-H')+D in if:iilZi2-Htan-i;ll+H' tan-iH-D,], •••(ig)

which can be rewritten as follows:

F -= -r•a•D• (rrH-DH'+in l ++ [Z12/IDD,i) -2 {;tan-i i:+2 {II'L tan-']ilil,7]. •••(2o)

                                                             '
Further putting

, =- -,•(rr(g-g')+i. I+.(,H.',SD,),2-2g ,.,-i g+2 g' ..,-i {;'), ......(,,)

we get for both the excess and defect masses

                             F==g•a•D. •--••--•-••-•-•-•-•--•-•(22)
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In Tables VI-1 and 2 attached in the end of this paper are shown the values of

-q in "gal per gm. cm-3 per m for every O.05 ofH'ID from O.OO to 5.00 and of H/D

from O.05 to 5.00. The tabular values of -e for high values ofH'ID are useful
for the measurements of the vertical gradient ofgravity in which the upper station

P, is situated at a height 6z above the ground surface, which changes around
5.00m according to station. In the tables the values of -e are calculated for

H!>H', i.e,, H/D>!H'/D. If H<H', i.e., HID<H'ID, the tabular values of -g
can be used by simply changing the minus sign with the plus. After the topo-
graphical correction is finished by these tables, the ground surface around the

station takes a horizontal plane extending to the distance beyond which the distant

topographical corrections are to be done by using Tables I-1, •••, 5. The height

H' of the gravity station above this horizontal ground surface depends on the

height of the stand on which the gravimeter is mounted. In order that the near

topographical correction is consistent with the distant one, the free-air space

between the above mentioned horizontal ground surface and the datum level
through P should be fi11ed with mass of density a, that is, the attraction of2nr. a•H'

should be added to the station P. In case of the measurement of vertical gradient

of gravity, the similar treatment should be done for both the two points Pi and P2•

    When the step is descending (Fig. 7(b)) the same equation as the Eq. (12) and

the addition of the attraction 2zr.o.H' to the station P hold true. When the
near topography is a bank or a ditch, of which the width is t and the horizontal

distances of the edges from P are D and D+l, the effect of the bank or ditch is

F(D)-F(D+i), where F(D) is the Eq. (20) and I7(Du) is the same equation in which

D is replaced by D+l.
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Table I-1. Topographic effect
upon the intensity

       -fi in ptgal

of one compartment of the
of gravity.
for a == 1.oo gm .cm-3

subzone I

lh-Hlm oo 10 20 30 40 50 60 70 80 90

ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE

o.o o.o o.o O.1 O.1 O.2 O.2 O.3 O.4 O.5

1OO O.6 O.8 O.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3

200 2.6 2.8 3.1 3.4 3.7 4.0 4.4 4.7 5.1 5A
300 5.8 6.2 6.6 7.0 7.4 7.9 8.4 8.8 9.3 9.8

400 10.3 10.8 11.4 11.9 12.5 13.0 13.6 14.2 14.8 15.5

5OO 16.1 16.7 17.4 18.1 18.8 19.5 20.2 20.9 21.7 22.4
600 232 23.9 24.7 25.5 26.4 272 28.0 28.9 29.7 30.6
7OO 31.5 32.4 33.3 34.3 352 36.2 37.1 38.1 39.1 40.1
800 41.1 42.2 43.2 44.3 45.3 46.4 47.5 48.6 49.7 50.9
900 52.0 53.2 54.3 55.5 56.7 57.9 59.1 60.4 61.6 62.9

1000 64.1 65.4 66.7 68.0 69.4 70.7 72.0 73.4 74.8 76.1

1100 77.5 78.9 80.4 81.8 83.2 84.7 86.2 87.6 89.1 90.6
1200 92.2 93.7 952 96.8 98.4 99.9 101.5 103.1 104.8 106.4
1300 108.0 109.7 111.4 113.0 114.7 116.4 118.1 119.9 121.6 123.4
1400 125.1 126.9 128.7 130.5 132.3 134.1 136.0 137.8 139.7 141.5
15OO 143.4 145.3 147.2 151.1 153.0 155.0 157.0 158.9 160.9
1600 162.9 165.0 167.0 169.0 171.1 173.1 1752 177.3 179.4 181.5
1700 183.6 185.8 187.9 190.1 192.2 194.4 196.6 198.8 201.0 203.3
1800 205.5 207.8 210.0 212.3 214.6 216.9 219.2 221.5 223.9 2262
1900 228.6 230.9 233.3 235.7 238.1 240.5 243.0 245.4 247.8 250.3

2000 252.8 2S5.3 257.8 26e.3 262.8 265.3 267.g 270.4 273.0 275.5
2100 278.1 280.7 283.3 285.9 288.6 291.2 293.9 296.5 2992 301.9
2200 304.6 307.3 310.0 312.8 315.5 318.3 321.0 323.8 326.6 329.4
2300 332.2 335.0 337.8 340.7 343.5 346.4 349.3 352.1 355.0 357.9
2400 363.8 366.7 369.7 372.6 375.6 378.6 381.6 384.6 387.6
2500 390.6l 393.7 396.7 399.8 402.8 405.9 409.0 412.1 415.2 418.3
2600 421.5i 424.6 427.8 430.9 434.1 437.3 440.5 443.7 446.9 450.1
2700 453.3 456.6 459.8 463.1 466.4 469.7 473.0 476.3 479.6 482.9
2800 486.3' 489.6 493.0 496.3 499.7 503.1 506.5 509.9 513.3 516.7

/

2900 520.2 523.6 527.1 530.6 534.0 537.5 541.0 544.5 548.0 551.6
/

3000 555.1 558.6
s62.2l'

565.8 569.3 572.9 576.5 580.1 583.7 587.4
3100 591.0l 594.6 598.3i 602.0 605.6 609.3 613.0 616.7 620.4 624.1
3200 631.6 635.4 639.1 6429 646.7 650.4 654.2 658.0 661.9
3300 665.7 669.5 673.3 6772 681.1 684.9 688.8 692.7 696.6 700.5
3400 704.41/ 708.3 712.3 716.2 720.2 724.1 728.1 732.1 736.0 !740.0
3500 744.01 748.1 752.1 756.1 760.1 764.2 7682 772.3 776.4 17so.s
3600 784.6I 788.7 792.8 796.9 801.0 805.1 809.3 813.4 817.6 821.8
3700 825.9 830.1 834.3 838.5 842.7 847.0 851.2 855.4 859.7 863.9
3800 868.2 872.4 876.7 881.0 885.3 889.6 893.9 8982 902.6 906.9
3900 911.2 915.6 919.9 924.3 928.7 933.1 937.5 941.9 946.3 950.7

4000 955.1 959.5 964.0 968.4 972.9 977.3 981.8 986.3 ggo.sl 9952
4100 999.7 1004.3 1008.8 1013.3 1017.8 1022.4 1026.9 1031.5 1036.01 1040.6
4200 10452 1049.8 1054.3 1058.9 1063.5 1068.2 1072.8 1077.4 1082.0 1086.7
4300 1091.3 1096.0 1100.7 1105.3 111O.O 1114.7 1119.4 1124.1 1128.8 1133.5
4400 1138.2 1143.0 1147.7 1152.4 1157.2 1161.9 1166.7 1171.5 1176.3 1181.0
4500 1185.8 1190.6 1195.4 1200.2 1205.1 1209.9 1214.7 1219.6 1224.4 1229.3
4600 1234.1 1239.0 1243.9 1248.7 1253.6 1258.5 i263.4 1268.3 1273.2 1278.1
4700 1283.1 i288.0 1292.9 1297.9 1302.8 1307.8 1312.8 1317.7 1322.7 1327.7
4800 1332.7 1337.7 1342.7 1347.7 1352.7 1357.7 1362.7 1367.8 1372.8 1377.9
4900 1382.9 1388.0 1393.0 1398.1 14032 1408.3 1413.3 1418.4 1423.5 1428.6

5000 1433.7



Table

(a)

I-2. Topographic effect
upon the intensity
      -fii in ptgal

of
of
for

lh-Hlm oo 20 40 60 80

ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE
o.o o.o O.1 O.2 O.3

100 e.4 O.6 O.8 1.0 1.3

200 1.6 2.0g/2.4 2.8 3.2
300 3.7 42[ 4.7 5.2 5.8
400 6.4 7.1 i7.8 8.6 9.4
500 10.2 11.0 12.8 13.7
600 14.6 15.6 16,6 17.7 18.8
700 20.0 21.1 222 23.4 24.7
800 26.0 27.3 30.0 31.4
900 32.9 34.4 !35.9 37.4 39.0

1000 40.6 42.3 44.0 45.6 47.3
1100 49.0 .50.8 52.6 54.5 56.4
1200 58.4 60.4 62.4 64.4 66.4
13oo 68.5 7O.6 72.7 74.9 77.2
1400 795 81.7 84.0 86.3 88.7
1500 91.1 935 96.0 98.5 101.0
1600 103.6 106.2 108.8 111.4 114.1
1700 116.8 119.6 122.4 125.3 128.1
1800 130.9 133.8 136.7 139.7 142.7
1900 145.7 148.8 151.9 155.0 1582

2000 161.4 164.5 167.7 171.0 174.3
2100 177.7 181.1 184.5 188.0 191.5
2200 194.9 198.4 202.0 205.6 209.2
2300 212.9 216.7 220.4 224.1 227.8
2400 231.6 235.4 239.2 243.0 247.1
2500 251.1 255.1 259.0 263.0 267.0
2600 271.2 275.4 279.6 283.8 288.0
2700 292.3 296.5 300.8 305.1 309.5
2800 3139 318.3 322.7 327.2 331.7
2900 336.2 340.8 345.5 350.2 354.8

3000 359.5 364.3 369.1 373.9 378.6
3100 383.4 388.3 393.2 398.1 403.1
3200 408.2 413.2 4182 423.2 428.2
3300 433.4 438.7 443.9 449.1 454.3
3400 4595 464.8 470.2 475.6 481.0
3500 486.3 491.7 497.2 502.7 508.2
3600 513.7 519.3 524.9 530.6 536.3
3700 542.0 547.7 553.4 559.2 565.0
3800 570.8 576.6 582.5 588.5 594.5
3900 600.4 606.3 612.3 618.4 624.4

4000 630.4 636.5 642.7 649.0 655.3
4100 661.5 667.7 673.9 680.3 686.7
4200 693.0 699.4 705.8 712.3 718.8
4300 725.3 731.8 738.4 745.0 751.6
4400 758.2 764.8 771.4 778.0 784.7
4500 791.4 7982 805.1 812.0 819.0
4600 825.8 832.6 839.5 846.5 853.5
47oo 860.5 867.5 874.5 881.6 888.7
4800 895.8 902.9 910.0 9172 924.5
4900 931.8 939.1 946.3 953,6 961.0

5000 968.4 975.8 983.3 990.7 998.2

one compartment of the
graVity.
o=1.oogm.cm-3

subzone II

(b)

lh-Hlm oo 20 40 60 80

ABCDE ABCDE ABCDE ABCDE ABCDE ABCDE

5100 1005.7 1013.2 1020.6 10282 1035.8
5200 1043.4 1051.1 1058.8 1066.5 1074.2
5300 1081.9 1089.7 1097.5 11052 1113.0
5400 1120.9 1128.8 1136.7 1144.5 1152.3
5500 1!602 1168.3 1176.4 1184.4 1192,4
5600 1200.4 1208.5 1216.6 1224.8 1232.9
5700 1241.0 1249.3 1257.5 1265.6 1273.8
5800 1282.0 1290.4 1298.7 1307.1 1315.5
5900 1323.9 1332.3 1340.8 1349.3 1357.7

6000 1366.2 1374.8 1383.3 1391.9 1400.5
6100 1409.0 1417.6 1426.3 1435.0 1443.7
6200 1452.5 1461.1 1469.9 1478.8 1487.5
6300 1496.2 1505.0 1513.7 1522.6 1531.5
6400 1540.4 1549.3 1558.2 1567.2 1576.3
6500 1585.3 1594.2 16e32 1612.3 1621.4
6600 1630.6 1639.6 1648.7 1657.9 16672
6700 1676.4 1685.6 1694.8 t704.0 17133
6800 1722.6 1731.9 1741.1 1750.4 1759.8
6900 17692 1778.6 1788.0 1797.4 1806.9

7000 1816.5 1826.0 1835.5 1845.0 1854.6
7100 1864.2 1873.7 1883.2 1892.7 1902.3
7200 1911.9 1921.7 1931.4 1941.1 1950.7
7300 1960.4 1970.3 1980.2 1990.0 1999.8
7400 2009.6 2019.4 2029.2 2039.0 2048.8
7500 2058.6 2068.5 2078.5 2088.5 2098.5
7600 2108.4 2118.4 2128.4 2138.4 2148.5
7700 2l58.5 2168.7 2178.9 2188.9 2199.0
7800 2209.1 22192 2229.4 2239.5 2249.6
7900 2259.9 22702 22805

8000



(a)

Table I-3.

lh-Hlm oo 25 50 75

ABCDE ABCDE ABCDE ABCDE ABCDE
o.o o.o O.1 O.1

1OO O.3 O.4 O.6 O.8

200 1.0 1.3 1.6 1.9

300 2.3 2.7 32 3.6

400 4.1 4.7 5.2 5.8

500 6.4 7.0 7.7 8.5

600 9.2 10.0 10.8 11.7

700 12.6 13.5 14.4 15.4

800 16.4 17.5 18.6 19.7

900 20.8 21.9 23.1 24.3

1000 25.5 26.8 28.2 29.6
1100 31.0 32.4 33.8 35.3

1200 36.9 38.4 40.0 41.7
1300 43.4 45.1 46.8 48.5
1400 502 52.0 53.8 55.7

1500 57.6 59.6 61.6 635
1600 65.5 67.6 69.7 71.9
1700 74.0 76.2 78.4 80.7

1800 82.9 85.2 87.5 89.9

1900 92.4 94.8 97.3 99.8

2000 102.3 104.8 1O7.4 110.0
2100 112.7 115.5 118.3 121.0

2200 123.7 126,5 129.4 1322
2300 135.2 1382 1412 144J
2400 147.2 150.2 153.3 156.4

2500 159.6 162.8 l66.1 169.4

2600 172.6 175,9 t79.2 182.6

2700 186.0 189.5 193.0 196.5

2800 200.1 203.6 207.2 2103
2900 214.3 218.0 221.8 225.6

3000 229.3 233.1 236.9 240.7
31OO 244.6 248.6 252.6 256.6
3200 260.7 264.8 268.9 273.0
3300 277.1 2812 285.4 289.7

3400 294.0 298.3 302.6 307.0
3500 3113 315.7 320.2 324.7
3600 329.2 333.7 338.3 342.9
3700 347.6 352.3 356.9 361.6
3800 366.3 371.1 376.0 380.9

3900 385.7 390,6 395.5 400.4

4000 405.3 410.3 415.4 420.6
4100 425.8 430.9 436.0 441.2
4200 446.4 451.7 457.0 462.3
4300 467.6 473.0 478.4 483.8
4400 4892 494.7 500.2 505.8
4500 511.4 517.0 522.6 528.3

4600 534.0 539.7 545.4 551.1

4700 556.8 562.8 568.8 574.7

4800 580.6 586.6 592.6 598.7
4900 604.7 610.7 616.8 622.9

5000 629.0 635.1 641.3 647.6

Topographic effect of one compartment
upon the intensity of gravity. '
       -fui in ptgal for a=1,oo gm.cm-3

                    (b)

of the subzone III

lh-HIm oo 25 50 75

ABCDE ABCDE ABCDE ABCDE ABCDE

5100 654.0 660.3 666.7 673.0
5200l 679.3 685.7 692.1 698.6
53ooc 705.1 711.7 718.3 724.9s4oo1 731.4 738.0 744.6 751.3
5500 758.0 764.8 771.6 778.3
s6ooi 785.1 792.0 798.9 805.8
5700[ 812.7 819.7 826.8 833.9
5800 840.9 847.9 855.0 862.0
5900il 869.0 876.2 l 883.5 890.8

8980 905.3 I912.6 920.0
6100 927.3 934.7 9422 949.8
6200 957.3 964.8 972.3 979.8
6300i 987.4 995.0 1002.6 10102
g4,88,a 1O18.0

1049.0
1025.8
1056.9

i1033.5
l1064.8

10412
1072.6

66eo 1080.5 1088.4 i1096.3 1104.2
6700 11122 11202i1 1128.2 1136.4
6800 1144.6 1152.8 l1160.9 1169.1
6900 1177.2 1185.3 1193.5 1201.8

7000 1218.6 1227.0 1235.5
7100 1243.9 1252.3 1260.8 l269.3
7200 1277.7 1286.2 1294.8 1303.5
7300 13122 1320.7 1329.2 1337.9
7400 1346.7 13555 1364.2 1372.9
7500 1381.7 1390.4 1399.3 1408.3
7600 1417.3 1426.2 1435.2i 1444.2
7700 1453.2 11462.1 1471.1l 1480.1
7800 1489.3 11498.5 lso7.7l 1516.8
7900 1525.9 Iis3s.o 1544.2 1553.4

8000 1562.7 1572.1 1581.5 1590.9
8100 1600A 1609.9 1619.2 1628.7
8200 1638.2 1647.6 1657.0 1666.6
8300 1676.3 1685.9 1695.4 1704.9
8400 1714.4 1724D

1733.s1
1743.6

8500 1753.4 1763.2 1773.0i 1782.8
8600 1792.6 1802.5 1812.4 1822.4
8700 1832.3 1842.2I 18522 1862.2
8800 18722 1882.2 1892.2 1902.2
8900 1912.3 1922.6 1932.9 1943.1

9000 1953.2 1963.4 1973.7 1983.9
9100 1994.1 2004.4 2014.8 2025.3
9200 2035.7 2046.0 2056.3 2066.7
9300 2077.2 2087.7 2098.2 2108.7
9400 2119.2 2129.6 2140.0 2150.6
9500 2161.4 2t72.2 2183.0 2193.7
9600 2204.3 2214.9 2225.6 2236.3
9700 2247.0 2257.7 2268.6 2279.6
9800 2290.5 2301.4 2312.3 2323.2
9900 2334.1 2345.0 2356.0 2367.0

,

10000 2378.0 2389.01 2400.0 2411.0

(c)

th-Hlm oo 25 50 75

ABCDE ABCDE ABCDE ABCDE ABCDE

leleo 2422.2 2433.3 2444.5 2455.7
10200 2466.9 2478.1 2489.4 2500.6
10300 2511.8 2523.1 2534.4 2545.7
10400 2557.1 2568.4 l2579.7 2591.0
10500 2602.4 2613.9 I262s.3 2636.9
10600 2648.4 2659.9 I2671.5 2683.0
10700 26945 2706.0 I2717.7 2729.3
10800 2740.9 27525 2764.2 2775.8
10900

11OOO

2787.4

2834.5

2799.0

2846.3

2810.8'1i2858.1 2822.7

2869.9
11100 2881.6 2893.3 [29052 129172
11200 2929.2 2941.2 2953.1 2965.0
11300 2977.0 2988.9 3000.8 3012.8
11400 3024.9 3037.1 i3049.3 3061.5
11500 3073.7- 3085.8 3097.9 311O.O
11600 3122.1 3134.2 3146.4 3158.6
11700 3170.8 3183.0 3195.2 3207.5
11800 3219.8 3232.1 3244.5 32570
11900 3269.5 3282.0 3294.4 3306.8

12000 3319.2 3331.6 I3344.1 3356.6
12100 3369.1 3381.6 l33g4.o 3406.4
12200 3419.0 3431.6 3444.2 i3456.8
12300 3469.4 3482.1 3494.8 l3507.4
l2400
12500

3520.0
3570.9

3532.6
3583.7

13545.3
13596.8
j

l3558.13609.8



(a)

lh-Hlm oo 50

ABCDE ABCDE ABCDE
o.o o.o

100 O.2 O.4

200 O.6 1.0

300 1.5 2.0

400 2.6 32
500 4.0 4.9

600 5.8 6.9

700 8.0 92
800 10.4 11.8
900 132 14.6

1000 16.2 17.8
1100 19.6 21.4
1200 23.4 25.3
1300 27.4 29.5
1400 31.7 34.0
1500 36.4 38.8
1600 41.4 44.0
1700 46.7 49.5
1800 52.4 55.3
1900 58.4 61.5

2000 64.7 68.0
2100 71.4 74.8
2200 78.3 81.8
2300 85.5 89.2
2400 93.1 97.0
2500 101.0 105.1
2600 1092 113.4
2700 117.7 122.1
2800 126.6 1312
2900 135.9 140.5

3000 145.3 1502
3100 155.1 160.1
3200 165.2 170.4
3300 175.7 181.1
3400 186.5 192.0
3500 197.6 203.3
3600 209.0 214.8
3700 220.7 226.7
3800 232.7 238.8
3900 245.1 251.4

4000 257.8 264.2
4100 270.7 277.3
4200 284.1 290.8
4300 297.6 304.5
4400 311.6 318.7
4500 325.8 333.0
4600 340.4 347.8
4700 355.2 362.8
4800 370.5 378.1
4900 385.8 393.7

5000 401.7 409.7

Table I-4. Topographic effect of one compartment of
upon the intensity of gravity.
       -fiv in ptgal for a=1.oogm.cm-3

   (b) (c)

the subzone IV

lh-Hl     m
ABCDE

5100
5200
5300
5400
5500
5600
5700
5800
5900

6000
6100
6200
6300
6400
6500
6600
6700
6800
6900

7000
7100
7200

 7300
 7400
 7500
 7600
 7700
 7800
 7900

 8000
 8100
 8200
 8300
 8400
 8500
 8600
 8700
 8800
 8900

 9000
 9100
 9200
 9300
 9400
 9500
 9600
 9700
 9800
 9900

10000

oo

ABCDE

l

l

i
i

l
i

i
l

i
l

i
ll
l

417.7
434.2
450.8
467.9
485 .0

502.7
520.8
539.0
557.6

576.4
595.6
615.0
634.9
654.7
675.2
695.8
716.7
737.9
'759.5

781.3
 803.5
 825.8
 848.5
 871.6
 894.8
 918.4
 942.4
 966.6
 990.9

1015.7
1040.7
1065.9
1091.6
1117.6
1143.7
1170.0
1196.8
1223.9
1251.0

1278.8
1306.6
1334.8
1363.0
1391.6
1420.6
1449.9
1479.4
1509.2
1539.2

1569.4

50

ABCDE

 425.9
 442.5
 459.3
 476.4
 493.8
 511.8
 529.8
 548.3
 566.9

 586.0
 6052
 624.9
 644.8
 664.9
 685.5
 706.2
 727.3
 748.7
 770.4

 792.3
 814.6
 837.1
 860.0
 883.2
 906.6
 930.4
 954.5
 978.7
1003.3

1028.2
1053.2
1078.7
1104.6
1130.6
1156.9
1183.3
1210.3
1237.4
1264.8

1292.7
1320.7
1348.9
1377.2
1406.1
14352
1464.7
1494.2
15242
15542

1584.8

(d)

lh-HIm oo 50

.ABCDE ABCDE ABCDE

10100 1600.2 1615.5
10200 1630.9 1646.4
10300 1662.0 1677.5
10400 16932 1709.0
10500 1725.0 1740.9
10600 1757.0 1773.1
10700 17892 1805.2
10800 1821.4 1837.7
10900 1854.0 1870.4

11000 1886.9 1903.5
11100 19202 1936.8
11200 1953.6 1970.4
11300 1987.3 2004.2
11400 2021.3 2038.4
11500 2055.5 2072.5
11600 2089.7 2107.0
11700 2124.4 2141.9
11800 2159.4 2177.0
11900 2194.6 2212.3

12000 2230.0 2247.8
12100 2265.7 2283.7
12200 2301.6 2319.6
12300 2337.7 2355.9
12400 2374.2 2392.5
12500 241O.9 2429.3
12600 2447.8 2466.3
12700 2484.9 2503.6
12800 2522.3 2541.1
12900 2559.9 2578.8

13000 2597.7 2616.8
13100 2635.8 26549
13200 2674.1 2693.3
13300 2712.6 2731.9
13400 2751.4 2770.9
13500 2790.3 2809.9
13600 2829.5 2849.2
13700 2868.9 2888.8
13800 2908.7 2928.6
13900 2948.5 2968.5

14000 2988.7 3008.9
14100 3029.0 3049.2
14200 3069.5 3089.9
14300 311O.4 3130.9
14400 3151.3 3171.9
14500 3192.5 3213.2
14600 3234.0 3254.9
14700 3275.7 3296.5
14800 3317.4 3338.5
14900 3359.5 3380.6

lsoeo 3401.8 3423.1

lh-Hl m

ABCDE

15100
15200
15300
15400
15500
15600
15700
15800
15900

16000
16100
16200
16300
16400
16500
16600
16700
16800
16900

17000
17100
17200
17300
17400
17500
17600
17700
17800
17900

18000
18100
18200
18300
18400
18500
18600
18700
18800
18900

19000
19100
19200
19300
19400
19500
19600
19700
19800
19900

oo

ABCDE

i

j
t
t
t
F
I
i
l
l
:

3444.4
3486.9
3529.8
3573.0
3616.4
3659.8
3703.5
3747.5
3791.6

3835.8
3880.3
3925.0
3970.0
4015.1
4060.4
4105.9
4151.6
4197.3
4243.3

4289.6
4335.9
4382.6
4429 .4
4476.4
4523.4
4570.8
4618.2
4665.9
4713.8

4761.9
4809.9
4858.3
4906.8
4955.5
5004.3
5053.4
5102.6
5151.9
5201.4

5251.2
5301.0
5350.8
5401.0
5451.3
5501.8
S552.5
5603.1
5653.9
5705.1

50

ABCDE

3465.6
3508.3
3551.4
3594.6
3638.1
3681.6
3725.4
3769.5
3813.7

3858.0
3902.6
3947.5
3992.6
4037.7
4083.1
4128.7
4174.
4220.3
4266.4

4312.7
4359.2
4406.0
4452.9
4499.8
4547.1
4594.5
4642.0
46898
4737.8

4785 .9
4834.1
4882.5
49312
4979.9
5028.9
5078.0
51272
5176.6
5226.2

5276.1
5325.9
53759
5426.1
5476.5
5527.1
5577.7
5628.4
5679.5



(a)

lh-Hlm oo 50

ABCDE ABCDE ABCDE
o.o o.o

100 O.1 O.2
200 O.4 O.7

300 O.9 1.3

400 1.7 2.1

5OO 2.6 3.1

600 3.7 4.4

700 5.0 5.8
800 6.6 7.4
900 8.4 9.3

1000 10.3 1L3
1100 12.4 13.5
1200 14.7 16.0
1300 17.3 18.7
1400 20.1 21.5
1500 23.0 24.6
1600 26.1 27.8
1700 29.5 31.3
1800 33.1 34.9
1900 36.8 38.8

2000 40.8 42.8
2100 45.0 47.2
2200 51.7
2300 l54.0 56.4
2400 158.8 612
2500 l63.7 66.4
2600 69.0 71.7
2700 74.4 77.2
2800 80.0 82.9
2900 85.8 88.8

3000 91.9 95.0
3100 98.1 101.2
3200 104.5 107.7
3300 111.0 114.5
3400 117.9 121.4
3500 125.0 128.5
3600 132.1 135.9
3700 139.6 143.4
3800
3900

147.2 151.2
159.2

4000
4100

l163.2i171.4 167.2
175.6

4200 179.8 184.2
4300 188.5 192.9
4400 197.3 201.8
4500 206.4 211.0
4600 215.6 220.3
4700 225.0 229.9
4800 234.8 239.7
4900 244.6 249.6

5000 254.6 259.7

(b)

lh-Hlm oo 50

ABCDE ABCDE ABCDE

5100 264.8 270.0
5200 275.2 280.6
5300 286.0 291.4
5400 296.8 302.4
5500 308.0 313.5
5600 319.0 324.6
5700 330.5 336.4
5800 342.3 348.1
5900 354.2 360.1

6000 366.1 372.3
6100 378.5 384.7
6200 390.9 397.2
6300 403.5 409.8
6400 416.3 422.8
6500 429.3 436.0
6600 442.6 449.3
6700 456.0 462.8
6800 469.7 476.6
6900 4835 490.4

7000 497.4 504.6
71OO 511.7 518.9
7200 526.0 533.3
7300 540.8 548.3
7400 555.8 563.2
7500 570.8 5783
7600 585.9 5935
7700 601.1 608.9
7800 616.9 624.8
7900 632.7 640.7

8000 648.7 656.7
gl88I8300l 664.8

681.4
697.8

673.1
689.5
706.2

8400 714.5 723.0
8500 731.5 740.0
8600 748.5 757.2
8700 765.8 774.7
8800 783.6 792.4
8900 801.3 810.2

9000 819.1 8282
9100 837.3 846.4
9200 855.6 864.8
9300 874.2 883.5
9400 892.9 902.3
9500 911.7 9212
9600 930.7 9402
9700 949.9 959.7
9800 9695 979.2
9900 989.0 999.0

10000 1009.0 1O19.0

Table

(c)

I-5. Topographic effect
upon the intensity
       --fv in ptgal

of one compartment of the
of gravity.
for a =-= 1.oo gm•cm'3

  (d)

subzone V

(e)

lh-Hlm oo 50

ABCDE ABCDE ABCDE

10100 1029.0 1039.1
10200 1049.2 1059.2
10300 1069.5 1079.8
10400 1090.2 1100.6
10500 1111.0 1121.5
10600 1131.9 1142.5
10700 1153.0 1163.7
10800 1174.5 1185.2
10900 1195.8 1206.7

11000 1217.6 1228.5
111OO 1239.4 1250.4
11200 1261.4 1272.6
11300 1283.9 1295.2
11400 1306.4 1317.7
11500 1328.9 1340.2
11600 1351.6 1363.0
11700 1374.6 13862
11800 1397.9 1409.7
11900 1421.4 1433.2

12000 1444.9 1456.7
12100 1468.6 1480.6
12200 1492.7 1504.7
12300 1516.7 1528.7
12400 15409 1553.2
12500 1565.4 1577.7
12600 1590.0 1602.6
12700 1615D 1627.5
12800 1640.0 1652.5
12900 1665.0 1677.6

13000 1690.4 1703.1
13100 1716.0 1729.0
13200 1741.9 1754.8
13300 1767.7 1780.8
13400 1794.0 1807.1
13500 1820.3 1833.4
13600 1846.6 1859.9
13700 1873.2 1886.5
13800 1899.8 1913.3
13900 1926.8 1940.5

14000 1954.1 1967.8
141OO 1981.5 1995.2
14200 2008.8 2022.6
14300 2036.4 2050.4
14400 2064.3 2078.3
14500 2092.4 2106.6
14600 2120.8 2135.0
14700 2149.2 2163.4
14800 2177.7 2192.0
14900 2206.2 2220.6

15000 2235.1 2249.7

lh-Hl m

ABCDE
oo

ABCDE

15100
15200
15300
15400
15500
15600
15700
15800
15900

16000
16100
16200
16300
16400
16500
16600
16700
16800
16900

17000
17100
17200
17300
17400
17500
17600
17700
17800
17900

18000
18100
18200
18300
18400
18500
18600
18700
18800
18900

19000
19100
19200
19300
19400
19500
19600
19700
19800
19900

20000

2264.4
2293.6
2323.0
2352.6
2382.4
2412.0
2442.1
2472.6
2503.1

2533.6
2564.4
2595.2
2626.4
2657.6
2689.1
2720.7
27525
27842
2816.3

2848.6
28812
2913.7
29465
2979.4
3012.3
3045.6
3079.0
3112.5
3146.4

3180.2
3214.5
3248.4
3282.5
3317.2
3351.9
3386.9
3421.8
3456.6
3491.7

35275
3563.3
35992
3635.1
3671.2
3707.2
37435
3779.9
3816.8
3853.8

3890.7

50

•ABCDE

]
l

l
!

I

I
i
I

i

i
i
!

!

I
i
1
l

2279.0
2308.4
2337.8
2367.5
2397.1
2427.0
2457.3
2487.9
2518.4

2549.0
2579.7
2610.7
2642.0
2673.4
2704.8
2736.6
2768.4
2800.2
2832.2

2864.8
2897.5
2930.2
2963.0
2995.8
3029.0
3062.3
3095.7
3129.4
3163.3

3197.3
3231.5
3265.4
3299.8
3334.4
3369 .4
3404.4
3439.3
3474.1
3509.6

3545.4
3S813
3617.2
36532
3689.2
3725.3
3761.6
3798.3
3835.3
3872.2

39092

lh-Hl     m
ABCDE

20100
20200
20300
20400
20500
20600
20700
20800
20900

21000
211OO
21200
21300
21400
21500
21600
21700
21800
21900

22000
22100
22200
22300
22400
22500
22600
22700
22800
22900

23000
23100
23200
23300
23400
23500
23600
23700
23800
23900

24000
241OO
24200
24300
24400
24500
24600
24700
24800
24900

25000

    oo

ABCDE
-l     50

ABCDE

3927.8
3964.8
4002.2
4040.1
4077.9
4115.8
4153.8
4191.9
4229.9

4268.5
43072
4346.1
4384.8
4423.9
4462.9
4502.4
4541.8
4581.6
4621.2

4661.2
4701.0
4741.2
4781.6
4822.1
4862.5
4903.3
4944.1
4985.0
50262

5067.7
5109.1
5150.5
5192.4
5234.1
5276.0
5318.1
5360.4
5402.7
5445.3

5487.9
5530.6
5573.6
5616.4
5659.6
5702.9
5746.4
5789.8
5833.3
5877.1

5920.8

F
!

4

I

l

i

I
I
t

3946.2
3983.4
4021.2
4058.9
4096.9
4134.7
4172.9
4210.8
42492

4287.9
4326.6
4365.4
4404.4
4443.4
4482.6
4522.1
4561.7
4601.4
4641.1

4681.0
4721.0
4761.4
4801.9
4842.3
4882.8
4923.8
4964.5
5005.6
5046.9

5088.4
5129.8
5171.4
5213.3
5255.0
5297.0
5339.2
5381.5
5424.0
5466.6

5509.3
5552.1
5595.0
5638.0
5681.1
5724.7
5768.1
5811.5
5855.1
5899.0

5942.9

(f)

lh-Hl m

ABCDE
oo

ABCDE
50

ABCDE

25100
25 200
25300
25400
25500
25600
25700
25800
25900

26000
26100
26200
26300
26400
26500
26600
26700
26800
26900

27000
27100
27200
27300
27400
27500
27600
27700
27800
27900

28000
28100
28200
28300
28400
28500
28600
28700
28800
28900

29000
291OO
29200
29300
29400
29500
29600
29700
29800
29900

30000

i
1
i
E
E
[

5965.0
6009.4
6053.8
6098.1
6142.3
6186.9
6231.8
6276.8
6321.9

6367.0
6412.3
6457.7
6503.1
6548.8
6594.6
6640.4
6686.3
6732.2
6778.3

6824.6
6871.3
6918.1
6964.8
7011.2
7057.9
7105.0
7152.3
7199.6
7247.0

7294.4
7341.8
7389.6
7437.5
7485.3
7533.4
75815
7629.7
7678.0
7726.4

7774.9
7823.7
7872.4
7921.4
7970.3
80192
8068.4
8117.8
8167.3
8216.9

8266.4

5987.1
6031.7
6075.9
6120.2
6i64.6
6209.4
6254.3
6299.3
6344.4

6389.6
6434.9
6480.4
6525.8
6571.7
6617.4
6663.4
6709.2
6755.2
6801.4

6847.9
6894.7
6941.5
6988.0
7034.5
7081.5
7128.7
7176.0
7223.3
7270.7

7318.0
7365.7
7413.5
7461.4
7509.3
7557.5
7605.6
7653.9
77022
7750.6

7799.3
7848.1
7896.9
7945.8
7994.7
8043.8
8093.1
8142.5
8192.1
8241.7

8291.2

(g)

lh-Hlm oo] 50

ABCDE ABCDE ABCDE

30100
30200

8316.0
8365.5

l8340.78390.4

30300 8415.5 8440.6
30400 8465.6 8490.6
30500 8515.7 8540.9
30600 8566.0 8591.2
30700 8616.2 8641.4
30800 8666.5 8691.7
30900 8716.8 8742.1

31000 8767.5 8793.0
31100 8818.4 8843.9
3120e 8869.3 8894.8
31300 8920.0 8945.4
31400 8970.8 8996.4
31500 9021.8

1



Table VI-1. Effect

  -q
of

in
two-dimensional near

ptgal/ (gm . cm'3 •m)
topography.

H'

e.oo O05 OJO O15 O.20 025 O30 O35 O.40 O45 O50 055 O60 O65 O.70 O75 O.80 O.85 O.90 O95 1OO 1.05 1.10 1.15 120 125 130 135 1.40 1.45 150 1.55 160 165 1.70 175 180 185 1.90 195 2OO 2.05 210 2.15 220 225 230 2.35 240 245 2.5O

O05 O.02 o
O.10 O.07 O.05 o
O.15 O.15 O.13 O.08 o
O.20 027 O25 020 O.12 o

O25 O.41 O39 O.34 O.26 O.14 o
O.30 059 O.57 O52 O.44 O.32 O18 o
O.35 O.80 O78 O.73 O65 O.53 O.39 021 o
O.40 1.04 1.02 O.97 O.89 O77 O63 O.45 O24 o
O.45 1.31 129 124 1.16 1.04 O.90 O.72 O.51 O27 o

050 160 158 153 1.45 133 119 1.01 O80 O.56 O.29 o

O.55 193 191 186 1.78 166 152 1.34 1.13 O.89 O62 O.33 o
O.60 2.28 226 221 2.13 2.01 1.87 1.69 1.48 124 O97 O68 O35 o
O65 2.65 263 258 2.5O 238 224 206 185 161 134 105 O72 O.37 e
O.70 304 3.02 2.97 289 277 2.63 2.45 2.24 2.00 l.73 1.44 111 O76 O.39 o
O.75 3.46 3.44 3.39 3.31 3.19 3.05 2.87 266 2.42 215 186 153 1.18 O81 O42 o
O.80 390 388 383 3.75 3.63 349 331 310 286 259 230 1.97 1.62 125 O.86 O44 o
O.85 436 4.34 4.29 421 4.09 3.95 3.77 3.56 332 3.05 2.76 243 2.08 1.71 1.32 O.90 O46 o
O90 484 482 477 4.69 457 4.43 425 404 380 3.53 324 291 256 2.19 180 1.38 O.94 O48 o
O.95 5.34 5.32 527 5.19 507 493 4.75 454 430 403 374 3.41 3.06 2.69 230 188 l.44 O98 O50 o
1OO 5.86 5.84 579 571 5.59 5.45 5.27 5.06 482 4.55 4.26 3.93 358 3.21 2.82 2.40 1.96 1.5O 1.02 O52 o

e

1.05 639 6.37 632 624 6.12 598 5.80 559 535 5.08 479 446 411 3.74 3.35 2.93 249 2.03 1.55 1D5 O.53 o

1.10 6.94 692 6.87 6.79 6.67 653 6.35 6.14 590 563 534 5Ol 466 429 390 348 3.04 2.58 2.10 1.60 1.08 O55 o

115 750 7.48 743 735 723 7.09 6.91 670 6.46 6.19 590 5.57 5.22 4.85 4.46 4.04 3.60 314 2.66 2J6 164 1.11 056 o

120 8.08 806 8.01 7.93 7.81 767 7.49 728 704 677 648 615 580 5.43 5.04 462 4.18 3.72 324 274 222 1.69 114 O.58 o

125 867 865 8.60 8.52 8.40 826 8.08 7.87 763 736 7.07 674 6.39 6.02 5.63 5.21 477 4.31 383 3.33 281 2.28 1.73 1.17 O.59 o

130 927 925 920 912 9.00 8.86 8.68 847 823 796 7.67 7.34 699 662 623 581 5.37 491 4.43 393 3.41 2.88 2.33 1.77 1.19 O.60 o
1.35 989 987 982 9.74 962 948 930 9.09 885 858 8.29 7.96 7.61 724 685 643 5.99 553 505 455 403 350 295 239 181 122 O62 o
1.40 1052 10.50 1045 10.37 1025 1011 993 972 948 921 8.92 859 824 7.87 748 706 662 6.16 568 518 466 413 3.58 302 244 185 125 O63 o
145 1116 11.14 11.09 11.01 10.89 1075 1057 10.36 1012 985 956 923 8.88 851 812 7.70 726 6.80 632 582 530 477 422 3.66 3.08 2.49 189 127 O64 o

150 ll81 11.79 11.74 11.66 1154 11.46 1122 11Ol 10.77 1O.5O 1021 9.88 953 9.16 8.77 8.35 7.91 7.45 6.97 6.47 5.95 5A2 4.87 4.31 373 314 2.54 192 129 O65 o

155 1247 12.45 1240 12.32 12.20 12.06 1188 1167 11.43 1116 10.87 1054 1019 982 9.43 9Ol 8.57 8.11 763 7.13 6.61 6.08 553 497 439 3.80 320 258 195 1.31 O66 o
1.60 13.14 13.12 1307 12.99 12.87 12.73 1255 1234 1210 1183 11.54 1121 10.86 1049 10.10 9.68 9.24 878 830 7.80 728 675 620 564 506 447 387 325 262 198 133 O67 o
1.65 13.82 1380 13.75 13.67 13.55 1341 1323 1302 12.78 12.51 1222 11.89 1154 1117 1078 1036 992 9.46 8.98 848 796 7.43 688 632 574 515 455 393 3.30 266 2.01 135 O68 o
170 1451 14.49 1444 l4.36 1424 1410 1392 13.71 13.47 13.20 1291 12.58 1223 11.86 1147 11.05 1061 1015 9.67 917 865 8.12 757 701 6.43 5.84 524 462 399 335 270 204 1.37 O.69 o

175 15.21 15.19 1514 15.06 14.94 14.80 1462 1441 1417 13.9O 1361 1328 1293 12.56 1217 11.75 11.31 1085 10.37 9.87 9.35 8.82 8.27 7.71 7.13 654 594 5.32 4.69 405 3.40 274 207 139 O70 o
1.80 1591 15.89 1584 15.76 15.64 1550 1532 1511 14.87 1460 14.31 1398 1363 1326 12.87 12.45 12.01 1155 11.07 1057 10.05 9.52 897 8.41 7.83 724 6.64 6.02 5.39 4.75 4.10 344 277 209 I40 O70 o
185 16.63 16.61 16.56 1648 1636 16.22 1604 15.83 1559 1532 15.03 1470 1435 1398 1359 13.17 12.73 1227 11.79 11.29 10.77 10.24 9.69 9J3 8.55 7.96 736 6.74 6.11 5.47 4.82 4.16 349 281 212 1.42 O72 o

190 1735 17.33 1728 17.20 17.08 16.94 16.76 1655 16.31 1604 1575 1542 1507 1470 14.31 13.89 13.45 1299 1251 12.01 11.49 1096 10Al 9.85 927 8.68 808 746 683 619 554 488 421 353 284 214 144 O72 o
195 18.08 18.06 18Ol 17.93 17.81 17.67 17.49 1728 17.04 1677 1648 16.15 1580 15.43 1504 1462 1418 13.72 13.24 1274 1222 1169 11.14 1058 10.00 941 881 819 7.56 692 6.27 5.61 4.94 426 3.57 287 217 145 O73 o
2.00 18.81 18.79 18.74 1866 18.54 1840 1822 18.01 17.77 1750 17.21 16.88 1653 16.16 15.77 1535 1491 14.45 13.97 1347 1295 12.42 1187 11.31 1073 1014 9.54 892 829 765 7OO 634 567 499 430 360 2.90 218 146 O73 o

2.05 1955 19.53 19.48 1940 19.28 1914 1896 1875 18.51 1824 1795 17.62 1727 16.9O 1651 16.09 15.65 15.19 1471 1421 13.69 1316 1261 12.05 11.47 10.88 10.28 966 9.03 839 774 7.08 641 5.73 5.04 4.34 3.64 292 2.20 147 O74 o

2.10 20.30 2028 2023 20.15 20.03 19.89 19.71 19.5O 19.26 18.99 18.70 1837 1862 17.65 17.26 16.84 1640 1594 15.46 14.96 14.44 13.91 13.36 12.80 12.22 11.63 1103 1041 978 9.14 8.49 783 716 648 579 509 4.39 367 295 222 1.49 O75 o

2.15 21.06 21.04 20.99 20.91 20.79 20.65 20.47 20.26 2002 19.75 1946 19.13 1878 18.41 18.02 17.60 17.16 1670 16.22 1572 1520 1467 14.12 1356 1298 1239 1179 1117 1054 990 925 859 7.92 724 655 5.85 515 443 371 298 225 151 O.76 o

220 21.82 21.80 2175 2167 2155 2141 2123 2102 20.78 20.5l 2022 19.89 1954 19.17 1878 1836 17.92 17.46 16.98 1648 1596 1543 14.88 1432 1374 13.15 12.55 11.93 11.30 1066 10Ol 9.35 868 8.00 731 6.61 591 519 447 3.74 3.01 227 152 O76 o

2.25 2258 2256 22.51 2243 2231 2217 21.99 21.78 2154 2127 2098 20.65 20.30 19.93 1954 19.12 18.68 l8.22 1774 1724 16.72 1619 15.64 1508 1450 13.91 13.3I 1269 1206 1142 10.77 1011 944 876 807 7.37 667 595 523 450 377 303 228 152 O76 o

2.30 23.36 23.34 2329 2321 23.09 22.95 22.77 2256 22.32 22.05 21.76 2143 2108 20.71 20.32 19.90 1946 19.00 1852 18.02 1750 1697 16.42 15.86 1528 1469 1409 1347 1284 1220 11.55 10.89 1022 954 885 8.15 745 6.73 6.01 528 455 381 306 2.30 154 O78 o

2.35 24.13 24.11 2406 23.98 23.86 23.72 2354 2333 2309 2282 2253 22.20 21.85 2148 21.09 20.67 2023 19.77 1929 1879 1827 17.74 17.19 1663 1605 15.46 14.86 1424 13.61 1297 1232 1166 1099 IO31 9.62 892 822 750 678 605 532 458 383 307 231 155 O77 o

240 24.92 2490 24.85 24.77 24.65 24.51 24.33 2412 23.88 2361 2332 2299 2264 22.27 21.88 21.46 2102 2056 20.08 1958 1906 1853 17.98 17.42 1684 1625 1565 1503 1440 1376 13.11 1245 11.78 11.10 1O.41 9.71 9Ol 829 757 684 611 537 4.62 386 310 234 156 O79 o

2.45 25.70 25.68 25.63 2555 2543 25.29 25.11 2490 2466 2439 2410 23.77 23.42 23.05 22.66 2224 21.80 2134 2086 2036 19.84 1931 18.76 1820 17.62 17.03 16.43 1581 15.18 14.54 13.89 13.23 12.56 1188 1119 1049 9.79 907 835 762 689 615 540 464 388 312 234 157 O78 o

250 2649 26.47 2642 26.34 2622 26.08 25.90 2569 25.45 25.18 2489 2456 2421 23.84 23.45 23.03 22.59 22.13 21.65 21.15 20.63 20.10 19.55 1899 1841 17.82 1722 1660 1597 1533 14.68 1402 13.35 12.67 11.98 11.28 10.58 9.86 914 841 768 694 619 543 467 391 313 236 157 O79 o

255 27.29 2727 2722 2714 2702 26.88 2670 2649 2625 25.98 25.69 2536 25Ol 2464 2425 2383 2339 2293 22.45 2195 2143 20.90 20.35 1979 1921 18.62 1802 17.40 1677 16.13 1548 14.82 14.15 13.47 12.78 1208 11.38 10.66 9.94 921 848 774 6.99 623 547 471 393 316 235 159 O80
260 28.09 28.07 28.02 27.94 27.82 2768 2750 2729 2705 2678 2649 2616 2581 2544 2505 2463 2419 2373 2325 2275 22.23 21.70 21.15 2059 20.01 1942 1882 18.20 1757 16.93 1628 1562 1495 1427 1358 1288 1218 11.46 10.74 1O.O1 9.28 8.54 7.79 7.03 627 551 4.73 396 317 239 160
265 28.90 2888 2883 2875 2863 2849 2831 28.10 2786 2759 27.30 26.97 26.62 2625 2586 2544 25.00 2454 24.06 23.56 2304 22.51 21.96 2140 2082 20.23 1963 19Ol 1838 1774 17.09 16A3 1576 15.08 1439 13.69 12.99 1227 1155 1082 1009 935 8.60 7.84 7.08 632 554 477 398 320 2.41

2.70 29.71 2969 2964 2956 2944 2930 29J2 2891 28.67 28.40 2811 27.78 2743 2706 2667 2625 2581 25.35 24.87 24.37 2385 23.32 2277 2221 21.63 21.04 2044 1982 19.19 18.55 17.90 1724 1657 15.89 15.20 1450 13.80 13.08 1236 1163 10.90 10.16 9.41 865 789 713 635 558 479 4.01 322
2.75 3052 3050 30.45 30.37 3025 30.11 2993 2972 2948 2921 28.92 2859 2824 27.87 2748 27.06 2662 2616 2568 2518 2466 24.13 23.58 23.02 22.44 2185 2125 20.63 20.00 1936 18.71 18.05 1738 16.7O 16.01 15.31 1461 13.89 1317 1244 1171 10.97 10.12 9.46 8.70 794 716 639 560 482 403
2.80 31.34 31.32 3127 3119 3107 3093 3075 3054 30.30 30.03 2974 2941 2906 2869 2830 27.88 27.44 2698 2650 26OO 2548 24.95 24.40 23.84 23.26 2267 2207 21.45 2082 2018 1953 1887 1820 17.52 16.83 1613 1543 1471 1399 1326 1253 1179 1104 1028 952 8.76 7.98 721 642 564 485
2.85 3216 3214 32.09 32Ol 3189 3175 3157 3136 3112 3085 30.56 3023 2988 29.51 2912 28.70 2826 2780 2732 2682 2630 25.77 25.22 2466 2408 2349 2289 2227 21.64 21OO 2035 19.69 19.02 18.34 17.65 16.95 1625 1553 1481 1408 1335 12.61 11.86 1110 1034 958 880 803 724 646 567
290 32.98 3296 3291 328j 32.71 3257 32.39 3218 3194 3167 3138 3105 3070 30.33 2994 29.52 2908 2862 2814 2764 2712 26.59 26.04 25.48 2490 24.31 2371 2309 22.46 2182 21.17 20.51 19.84 1916 1847 1777 17.07 1635 1563 14.90 14.17 13.43 1268 11.92 11.16 1O.4O 9.62 885 806 728 649
2.95 3381 33.79 33.74 3366 33.54 3340 3322 33Ol 3277 3250 3221 3188 3153 3116 3077 3035 29.91 2945 28.97 2847 27.95 27.42 2687 2631 25.73 2514 2454 23.92 2329 2265 22OO 21.34 20.67 19.99 19.30 18.60 1790 1718 1646 1573 15OO 1426 1351 1275 1199 1123 10.45 968 889 811 732
3.00 3464 3462 3457 3449 34.37 3423 34.05 3384 3360 3333 3304 3271 3236 31.99 3160 3118 3074 3028 2980 2930 2878 2825 27.70 27.14 2656 2597 25.37 2475 24.12 23.48 22.83 2217 2150 20.82 20.13 1943 1873 18Ol 1729 1656 1583 15.09 1434 1358 12.82 1206 1128 1051 972 894 815
3.05 35.48 3546 35.41 3533 35.21 3507 34.89 3468 3444 3417 3388 33.55 3320 3283 32.44 3202 31.58 3112 3064 3014 2962 2909 28.54 2798 27.40 2681 2621 2559 2496 2432 2367 23Ol 22.34 2166 20.97 2027 1957 18.85 1813 1740 1667 1593 15.18 1442 1366 1290 1212 11.35 1056 978 899
3.10 3632 3630 3625 3617 3605 35.91 35.73 3552 35.28 35Ol 3472 3439 3404 33.67 3328 32.86 3242 31.96 31.48 3098 3046 29.93 29.38 28.82 2824 27.65 27.05 2643 2580 2516 24.51 23.85 23.18 22.50 2181 2111 20.41 1969 1897 1824 1751 16.77 1602 1526 1450 13.74 12.96 12.19 1140 1062 983
3.15 37.16 3714 3709 37.01 3689 36.75 36.57 3636 3612 3585 35.56 35.23 3488 3451 34.12 33.70 3326 3280 3232 31.82 31.30 30.77 30.22 2966 29.08 2849 2789 2727 2664 26.00 2535 24.69 2402 23.34 22.65 21.95 2125 20.53 19.81 19.08 1835 17.61 16.86 1610 15.34 1458 1380 I303 1224 1146 1067
3.20 38.00 37.98 3793 37.85 3773 37.59 3741 3720 36.96 3669 36.40 3607 3572 35.35 34.96 34.54 3410 33.64 33.16 32.66 3214 31.61 31.06 3050 2992 29.33 2873 2811 27.48 2684 26.19 25.53 24.86 2418 2349 2279 22.09 2137 20.65 1992 1919 18.45 17.7O 16.94 16.18 1542 1464 1387 1308 1230 1151
3.25 38.85 38.83 3878 3870 3858 3844 38.26 3805 37.81 3754 3725 3692 36.57 3620 3581 3539 3495 3449 34.01 33.51 3299 3246 31.91 31.35 3077 30.18 2958 28.96 28.33 2769 2704 26.38 25.71 25.03 24.34 2364 22.94 2222 21.50 2077 2004 19.30 18.55 1779 17.03 1627 15.49 1472 1393 1315 1236
3.30 39.70 39.68 3963 3955 39.43 3929 3911 38.90 3866 3839 38.10 37.77 3742 37.05 3666 3624 35.80 3534 3486 34.36 3384 33.31 32.76 3220 31.62 31.03 30.43 2981 2918 2854 2789 27.23 26.56 2588 25.19 2449 23.79 2307 2235 21.62 2089 20.15 19.40 18.64 17.88 1712 1634 15.57 1478 14OO 1321
3.35 40.55 40.53 4O.48 4040 40.28 40.14 39.96 3975 39.51 3924 3895 3862 38.27 3790 37.51 37.09 36.65 3619 3571 3521 34.69 3416 33.61 33.05 3247 31.88 31.28 30.66 3003 29.39 2874 2808 2741 26.73 26.04 2534 2464 2392 2320 2247 2174 21.00 20.25 19.49 18.73 1797 17.19 1642 1563 1485 1406
340 4141 41.39 4134 4126 4114 41OO 40.82 4061 4037 40.10 3981 3948 3913 38.76 3837 3795 3751 37.05 36.57



Table VI-2. Effect

  -q
of

in
 two-dimensional near
ptgall(gm•cm-3•m)

topography.

H'

2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 305 3.10 3.15 320 325 3.30 3.35 3.40 3.45 3.5O 3.55 3.60 3.65 3.70 3.75 3.80 3.85 3.90 3.95 4.00 4.05 4.10 4.15 4.20 4.25 4.30 4.35 4.40 4.45 4.50 4.55 4.60 4.65 4.70 4.75 4.80 4.85 4.90 4.95 5.00

255 o
2.60 O.80 o
2.65 1.61 O.81 o
2.70 2.42 1.62 O.81 o
2.75 3.23 2.43 1.62 O.81 o
2.80 4.05 3.25 2.44 1.63 O.82 o
2.85 4.87 4.07 326 2.45 1.64 O.82 o
2.90 5.69 4.89 4.08 3.27 2.46 1.64 O.82 o
2.95 652 5.72 4.91 4.10 3.29 2.47 1.65 O.83 o
3.00 7.35 6.55 5.74 4.93 4.12 3.30 2.48 1.66 O.83 o

3.05 8.19 7.39 658 5.77 4.96 4.14 3.32 2.50 1.67 O.84 o
3.10 9.03 8.23 7.42 6.61 5.80 4.98 4.16 3.34 2.51 1.68 O.84 o
3.15 9.87 9.07 826 7.45 6.64 5.82 5.00 4.18 3.35 2.52 1.68 O.84 o
320 10.71 9.91 9.10 829 7.48 6,66 5.84 5.02 4.19 3.36 2.52 1.68 O.84 o
3.25 1156 10.76 9.95 9.14 8.33 751 6.69 5.87 5.04 4.21 3.37 2.53 1.69 O.85 o
3.30 12.41 11.61 10.80 9.99 9.11 8.36 7.54 6.72 5.89 5.06 4.22 338 2.54 1.70 O.85 o
3.35 1326 12.46 11.65 10.84 10.03 921 8.39 7.57 6.74 5.91 5.07 4.23 3.39 2.55 1.70 O.85 o
3.40 14.12 13.32 1251 11.7O 10.89 10.07 9.25 8.43 7.60 6.77 5.93 5.09 425 3.41 2.56 1.71 O.86 o
3.45 14.98 14.18 13.37 1256 11.75 10.93 10.11 929 8.46 7.63 6.79 5.95 5.11 4.27 3.42 2.57 1.72 O.86 o
350 15.84 15.04 14.23 13.42 12.61 11.79 10.97 10.15 9.32 8.49 7.65 6.81 5.97 5.13 4.28 3.43 2.58 1.72 O.86 o

355 16.70 15.9O 15.09 1428 13.47 12.65 11.83 11.01 10.18 9.35 8.51 7.67 6.83 5.99 5.14 429 3.44 2.58 1.72 O.86 o
3.60 1757 16.77 15.96 15.15 14.34 1352 12.70 11.88 11.05 10.22 9.38 8.54 7.70 6.86 6.01 5.16 4.31 3.45 2.59 1.73 O.87 o
3.65 18.44 17.64 16.83 16.02 15.21 14.39 13.57 12.75 11.92 11.09 10.25 9.41 8.57 7.73 6.88 6.03 5.18 4.32 3.46 2.60 1.74 O.87 o
3.70 '19.31 18.51 17.70 16.89 16.07 15.26 14.44 13.62 12.79 11.96 11.12 10.28 9.44 8.60 7.75 6.90 6.05 5.19 4.33 3.47 2.61 1.74 O.87 o
3.75 20.18 19.38 18.57 17.76 16.95 16.13 15.31 14.49 13.66 12.83 11.99 11.15 10.31 9.47 8.62 7.77 6.92 6.06 5.20 4.34 3.48 2.61 1.74 O.87 o
3.80 21.06 20.26 19.45 18.64 17.83 17.01 16.19 15.37 14.54 13.71 12.87 12.03 11.19 10.35 9.5O 8.65 7.80 6.94 6.08 522 4.36 3.49 2.62 1.75 O.88 o
3.85 21.94 21.14 20.33 1952 18.71 17.89 17.07 16.25 15.42 14.59 13.75 12.91 12.07 11.23 10.38 9.53 8.68 7.82 6.96 6.10 524 4.37 3.50 2.63 1.76 O.88 o
3.90 22.82 22.02 21.21 20.40 19.59 18.77 17.95 17.13 16.30 15.47 14.63 13.79 12.95 12.11 11.26 10.41 9.56 8.70 7.84 6.98 6.12 5.25 4.38 351 2:64 1.76 O.88 o
3.95 23.70 22.90 22.09 2128 20.47 19.65 18.83 18.01 17.18 16.35 15.51 14.67 13.83 12.99 12.14 11.29 10.44 9.58 8.72 7.86 7.00 6.13 5.26 4.39 352 2.64 1.76 O.88 o
4.00 2458 23.78 22.97 22.16 21.35 2053 19.71 18.89 18.06 17.23 16.39 15.55 14.71 13.87 13.02 12.17 11.32 10.46 9.60 8.74 7.88 7.01 6.14 5.27 4.40 352 2.64 1.76 O.88 o
4.05 25.47 24.67 23.86 23.05 22.24 21.42 20.60 19.78 18.95 18.12 17.28 16.44 15.60 14.76 13.91 13.06 12.21 11.35 10.49 9.63 8.77 7.90 7.03 6.16 5.29 4.41 353 2.65 1.77 O.89 o
4.10 26.35 25.55 24.74 23.93 23.12 22.30 21.48 20.66 19.83 19.00 18.16 17.32 16.48 15.64 14.79 13.94 13.09 12.23 11.37 10.51 9.65 8.78 7.91 7.04 6.17 5.29 4.41 3.53 2.65 1.77 O.88 o
4.15 27.24 26.44 25.63 24.82 24.01 23.19 22.37 2155 20.72 19.89 19.05 18.21 17.37 16.53 15.68 14.83 13.98 13.12 1226 11.40 10.54 9.67 8.80 7.93 7.06 6.18 5.30 4.42 354 2.66 1.77 O.89 o
4.20 28.14 27.34 26.53 25.72 24.91 24.09 23.27 22.45 21.62 20.79 19.95 19.11 1827 17.43 16.58 15.73 14.88 14.02 13.16 12.30 11.44 1057 9.70 8.83 7.96 7.08 6.20 5.32 4.44 3.56 2.67 1.79 O.90 o
425 29.03 28.23 27.42 26.61 25.80 24.98 24.16 23.34 22.51 21.68 20.84 20.00 19.16 18.32 17.47 16.62 15.77 14.91 14.05 13.19 12.33 11.46 1059 9.72 8.85 7.97 7.09 6.21 5.33 4.45 3.56 2.68 1.79 O.89 o
4.30 29.92 29.12 28.31 27.50 26.69 25.87 25.05 24.23 23.40 22.57 21.73 20.89 20.05 19.21 18.36 17.51 16.66 15.80 14.94 14.08 13.22 12.35 11.48 1O.61 9.74 8.86 7.98 7.10 622 5.34 4.45 3.57 2.68 1.78 O.89 o
4.35 30.82 30.02 29.21 28.4O 27.59 26.77 25.95 25.13 24.30 23.47 22.63 21.79 20.95 20.11 19.26 18.41 17.56 16.70 15.84 14.98 14.12 13.25 12.38 11.51 10.64 9.76 8.88 8.00 7.12 6.24 5.35 4.47 3.58 2.68 1.79 O.90 o
4.40 31.72 30.92 30.11 29.30 28.49 27.67 26.85 26.03 25.20 24.37 23.53 22.69 21.85 21.01 20.16 19.31 18.46 17.60 16.74 15.88 15.02 14.15 13.28 12.41 11.54 10.66 9.78 8.90 8.02 7.14 6.25 5.37 4.48 3.58 2.69 1.80 O.90 o
4.45 32.62 31.82 31.01 30.20 29.39 2857 27.75 26.93 26.10 25.27 24.43 23.59 22.75 21.91 21.06 20.21 19.36 18.50 17.64 16.78 15.92 15.05 14.18 13.31 12.44 11.56 10.68 9.80 8.92 8.04 7.15 6.27 5.38 4.48 3.59 2.70 1.80 O.90 o
4.50 3352 32.72 31.91 31.10 30.29 29.47 28.65 27.83 27.00 26.17 25.33 24.49 23.65 22.81 21.96 21.11 20.26 19.40 18.54 17.68 16.82 15.95 15.08 1421 13.34 12.46 1158 10.70 9.82 8.94 8.05 7.17 6.28 5.38 4.49 3.60 2.70 1.80 090 o

4.55 34.42 33.62 32.81 32.00 31.19 30.37 29.55 28.73 27.90 27.07 26.23 25.39 24.55 23.71 22.86 22.01 21.16 20.30 19.44 18.58 17.72 16.85 15.98 15.11 14.24 13.36 12.48 11.60 10.72 9.84 8.95 8.07 7.18 6.28 5.39 4.50 3.60 2.70 1.80 O.90 o
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