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ABSTRACT

We present an atlas of 665 deformation-energy maps and 150 maps of other

properties of interest, relevant for nuclear systems idealized as uniformly

charged drops endowed with a surface tension. The nuclear shapes are

parametrized in terms of two spheres modified by a smoothly fitted quadratic

surface of revolution and are specified by three var;,b1es: asymmetry, sphere

separation, and a neck variable (that goes over into a fragment-deformation

variable after scission). The maps and related tables should be useful for

the study of macroscopic aspects of nuclear fission and of collisions between

any two nuclei in the periodic table.

1. Introduction

The binding energy (or mass) of an atomic nucleus may be considered as

made up of a "local" part, akin to the energy of a (liquid) drop endowed with

a surface tension, and of a "nonloca1" part (Coulomb energy, Proximity energy,

and Shell Effects--see Refs. 1,2,3). The two leading terms in the local

J

(liquid drop) part are a shape-independent volume energy and a surface energy

proportional to the surface area of the shape in question. Together with the

electrostatic energy of a uniform distribution of electric charge inside the

given shape, these contributions represent the major part of the potential

energy of a nuclear system.

Expressions for the surface and electrostatic energies are easy to write

down but often cumbersome to evaluate for nuclear shapes of actual interest.

As a result, even though some of the most important features of the

deformation energy of a uniformly charged drop have been adquate1y studied and

tabulated (Refs. 4,5,6,7,11), there are others that are still not well

understood--more than forty years since the introduction of the deformable

charged liquid-drop model in connection with nuclear fission. The need for a

better understanding of nuclear deformation energies is becoming more acute

with the increasing interest in the physics of nucleus-nucleus collisions, in

which a variety of configurations, not encountered in fission, make their

appearance. It is this great variety of potentially interesting nuclear

shapes that makes a survey of nuclear deformation energies (even within the

simplest liquid-drop model) not a trivial undertaking. Thus, formally, the

specification of a shape requires an infinite number of degrees of freedom,

calling for tabulations in an infinitely dimensional space. However, in the

context of nuclear fission and nucleus-nucleus collisions, a number of

interesting phenomena may be encompassed in a description that uses three

well-chosen shape degrees of freedom (corresponding, roughly, to an asymmetry

variable, an elongation or separation variable, and a neck or

fragment-deformation variab1e--see Refs. 8,9). The present work is concerned

with the display of sums of the local (liquid-drop) nuclear energy and the

Coulomb energy, for systems accessible through the collision of any two nuclei
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in the Periodic Table of elements. The display is in the form of maps, in plus what remains of sphere after removal of a lens of thickness Rj -z 1,

zz-(r-R Z) (see Fig. Zb). Denote by 1 the total thickness of the missing

which the energy is plotted as a function of the separation and neck variables

at a series of fixed asymmetries. (Previous, less extensive maps may be found

in Ref. 6).

plus what remains of sphere

lenses, i. e.

after removal of lens of thickness

A convenient set of three dimensionless variables describing the shape turns

The choice of the asymmetry variable (the same as in Ref. 15) as

proportional to a difference of lengths (rather than volumes Or masses) makes

it homogeneous in this respect with the other two shape variables. The

Asymmetry Variable: /I, =
R1-R Z (2)
Rl+R Z

Distance Variable: p = r (3)
Rl+R Z

Fragment-Deformation

or Neck Variable: A = 1 (4)R1+R Z

Z. Parametrization of Nuclear Shapes

The shapes we consider are all restricted to axial symmetry and

correspond to two (generally unequal) spheres, modified by a smoothly fitted

portion of a third quadratic surface of revolution. For prescission

(undivided) shapes, shown in Fig. Z, the parametrization is a special

three-parameter sub-family of the five-parameter family introduced in the

context of nuclear fission in Refs. 10,11 and used extensively, for example,

in Refs. 12,13,14. For post-scission (separated) shapes, shown in Fig. 3b,

one fragment is a sphere modified by a portion of a smoothly fitted

hyperboloid of two sheets. The other fragment is obtained by a scaling down

of the first, with a simultaneous reflection through the center of the

hyperboloid--see below. At scission (Fig. 3a) the hyperboloids modifying the

spheres degenerate into juxtaposed cones, with tips in contact.

1 = (R l - zl) + Zz - (r - RZ)

out to be the following:

Fragment Deformation or Neck variable

(1)

("Deck variable" or "Deck parameter"

Za. Pre-scission Shapes

Consider a cartesian system of coordinates x, y, z, and let y(z) specify

the Curve whose revolution around the z-axis generates a solid of revolution

defining the nuclear shape. Let sphere 1, with radius R1, have its center

at the origin and let sphere 2, with radius Rz, have its center at a

distance r along the z-axis. Let the connecting quadratic surface be tangent

to the two spheres at zl and zz, respectively. The whole shape consists

then of a quadratic solid of revolution in the interval between zl and zz,

for short) is a measure of the deviation of the actual shape from two

separated, undeformed spheres. (We suggest "parametr szyjkomacji" as a

possible Polish equivalent of "deck parameter".) For divided shapes, A is a

measure of the bulging ("polarization" or "nose-formation") of the approaching

fragments. After contact, A goes over into a measure of the degree of opening

of the neck or window through which the fragments communicate. As A increases

further the neck concavity disappears and the shapes become convex everywhere.

Let us write the equations for the two spheres and for the connecting

quadratic surface as follows:
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Equations (9-15) enable one to reconstruct readily a given shape from the

Sphere 1: 2 2 2 (5 )y = Rl - Z

Sphere 2: 2 = R2 (Z r)2 ( 6)y 2

Quadratic: i = a + 1',( Z c)2 (7)

Using Rl + RZ as a unit of length, we may rewrite these equations in

dimensionless form as

The radii Rl ,R2 are, of course, related to ~ by the equations

Rl 1
~ = 2 (1 + ~) = Pl' say,

1 Z

R2 1
-R+R = -Z (1 - ~) = P say

1 Z 2"

( 14)

(15 )

where n, <;, <P, <;c stand for y/(Rl+R Z)' z/(R 1+R 2), a/(R1+Rz)Z

and c/(R
1

+R 2), respectively.

Equations for the parameters a, 1'" c, specifying the quadratic surface,

follow elementarily from the conditions of tangency at the junction points

The conditions of tangency at zl'zZ and the condition that fragment Z

be a scaled-down version of fragment 1, with simultaneous reflection through

Quadratic 1: /=a1+Bl(z-cl)Z.

three shape vari ab les ~, P, A.

( 16)

( 17)

( 18)

( 19)

(Z _ r)Z

Rz Z
1 - Z

RZ
2

i

i

Sphere 1:

Quadratic 2: y2 = aZ + 1',2 (z - r + c2)2

Sphere 2:

Let the equations specifying fragment 1 be as follows (see Fig. 3b):

2b. Post-scission Shapes

These equations, when divided by (Rl+RZ)Z, specify the post-scission

function n(<;).

Let fragment 2 be specified by

(8)

(9)

( 11 )

( 10)

f" "
1

Z 2 2
11 (<;) = Pz - (<; - p)

<P + B( <; - <; )Z
c

-_a-
Z

= i[l - (1 - A)PJ[l _~1
(R

l
+R

2
) p\ l-Ajj

I', = ---.l.:.L
p-l+A

_c _lr~ ]
R

1
+R

z
- 2 L~ + P

Zl and zZ:

The junction points themselves are found to be given by

Z1____ =.fL+ 1 (
R

l
+R

2
Zp 2 1 - A)

2-~ 1Rl+R
Z

- Zp + P - 2 (1 - A)

( lZ)

( 13)

the center at Z = cl ' may be shown to lead to the following equations for

the parameters al,Bl,c l , a2,BZ'c Z:

al 1 2
---- = - fl - (1 - A)p](l + ~)
(R +R)2 4

1 Z

( ZO)
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i I

a2 _ 1
(R

l
+R

2
)2 - Ii rl - (1 - A)p](l - 11)2 (21)

the condition of coalescence of the junction points (i.e., zl

in virtue of eqs. 12,13, gives

Z2) which,

B - B l-A1 - , 2 = p- 1+A (= B)

c 1
R

l
+R

2
= ~ (1 + ll)p

c2 1
R

l
+R

2
="2 (1 - ll)p

The junction points are now given by

._Z_l__ 1
R

l
+R

2
- "2 (1 + lll(l - A)

(22)

(23)

(24)

(25)

A=l-p (34)

In configuration space this equation defines a plane inclined at _45 0 (see

Fig. 4).

The range of A is also limited from above. Thus, as a larger and larger

fraction of the original spheres is taken over by the middle quadratic

surface, there comes a point where the smaller one of the two spheres gets

swallowed up entirely by the middle quadratic. When II > 0 and sphere 2 is the

smaller one, this occurs when the junction point z2 reaches the tip of

sphere 2 at z = r + R2. According to eq. 13 this defines the surface

z2 1
R

l
+R

2
= - "2 (1 - ll)( 1 - A) + p (26) 2 II - !::

p
(35)

At scission the hyperbolas given by eqs. 17,19 degenerate into cones

(i.e. al = a2 = 0), which implies, according to eqs. 20,21, that

A .. =1-.1.
SC1SSlon P

3. The Configuration Space

In the configuration space where ll, P, A are considered as cartesian

(27)

On this surface the shapes belong to a two-parameter family of egg-like

"ovoids". They consist of a portion of a sphere joined to a bulge in the form

of a piece of a spheroid (if A> 1), a piece of a paraboloid (if A = 1), or a

piece of a hyperboloid of two sheets (if A < 1).

As A is increased still further the larger of the two spheres gets

swallowed up in its turn. This occurs when zl = -R l , which, according to

eq. 12, leads to

coordinates (Fig. 4) the extreme values of ll, equal to ±l, define two vertical A=2+11+i'p (36)

plane boundaries. The least value of A, equal to zero, defines a horizontal

plane boundary (passing through the origin). The value of P may range from

zero to 00 (or even _00 to +00), but in the interval 0 < p < 1 (the value p = 1

corresponds to tangent spheres) the range in A is limited from below by the

value corresponding to intersecting spheres (without any additional neck

rounding off the intersection crevice). This least value of A is defined by

(On this surface the shapes are a one-parameter family of spheroids with

varying eccentricity.) As is readily verified, no intrinsically new shapes

are generated by exceeding the limit set by eq. 35, which may then be taken as

the upper boundary surface in configuration space when II > O. On the other

hand, when II < 0, eq. 36 is the effective upper boundary.



In summary then, the configuration space may be considered as confined to

the inside of a semi-infinite "box", whose boundaries are given by the planes

lo = ±l, A = 0, A = 1 - P, and by the surface A = 2 - Ilol - Iloi/p. Because of

the symmetry of the problem, only positive values of lo need be considered.

Inside the configuration box, the scission surface given by A = 1 _ p-l

(eq. 27), divides the space into pre-scission and post-scission regions. In

the pre-scission region an important characteristic of necked-in shapes is the

degree of communication between the two pieces, related to the cross-sectional

area of the neck or window joining the fusing or separating fragments. In

Various features of the configuration space are illustrated in Fig. 4.

4. Formulae for Six Integral Shape Characteristics

a) The Scale Function

The natural unit of length in equations 9-13 and 20-26 is the sum R
l

+ R
2

.

4 3 4 3(Note that, except for separate and undeformed spheres, ~Rl and ~R2

are not the volumes of the two fragments.) In order to reconstruct a shape in

units of the standard length R (the radius of a single sphere with the same

volume as the shape in question), one needs the Scaling Function S, defined by

5

The explicit equation for S(lo,p,A) follows from writing down the integral

for the volume of a shape specified by lo, P, A, and equating it to (4/3)nR 3.

analogy with Ref. 15, we define the degree of window opening by drawing two

cones, one tangent to the spheres (with apex at z = Zo to the right of

sphere 2 and with semi-opening angle 8max ) and another, also with apex at

zo' but with semi-opening angle 8 chosen to make the cone tangent to the

(concave) neck. The degree of window opening, a, is now defined by

(

. 2
a= ~)sln8max

which is readily verified to lead to

S = Rl+R2
-R

The result is

S(lo,P,A)
[

fni(zldzl-l/3 = [1 PJ+P
2

2 dt]_1/3
i n(R +R )3 4 t)_
3 1 2 -P

l

(37)

(38)

1-( l-A) p
a = l"=T

At scission, we have (1 - Alp = 1 (see eq. 27), so a = O. The window is fully

open when the neck has lost its concavity and has become a portion of a cone

tangent to the spheres. According to eq. 9 this occurs when lo2 = P(l - A),

which leads to a = 1. Curves corresponding to a degree of window opening of

0, 25%, 50%, 75%, 100% are shown in Figs. (5-8). Values of a greater than 1

indicate that the shape has become convex everywhere. At the upper boundary

of the configuration space one finds a = (1 + p)/(l + Ilol).

where t)2(~) is given by eqs. 8 for pre-scission shapes and follows from

eqs. 16-19 for post-scission shapes. The integral over the square of t) (a set

of second-order polynomials) is elementary.

b) Moments of Inertia and Quadrupole Moment

Important characteristics of the shapes are the two principal moments of

inert ia ~II and ~ and the (mass) quadrupo le moment. Here 311 is the moment of

inertia about the symmetry axis and 11 is the moment of inertia about an

orthogonal axis passing through the center of mass. Denoting by ~o the

moment of inertia of the standard sphere R, and using dT to denote a volume

element, we may write
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J II _
;fo -

555(x2
+i)dT

~ (j TfR
3

)R
2

1f 42 Tfy (z)dz

8 5
15TfR

= .!2 S5
16

0+°2

Jn
4

d1;

-°1

(39) c)

All the integrals appearing in eqs. 39-41 are a9ain elementary.

Surface Energy

We denote by F the dimensionless quantity defined by

where y(z) is the function defined by eqs. 5-7 or 16-19 and n is
F - (Surface Energy)

- (Surface Energy of Sphere R)

y(z)/(R l+R 2) .

The formula for a1 /3
0

is derived as follows:

S2TfY(Z)~
4TfR 2

'11 =

'0
HS [( z-zCM) 2+i ]dT

~ (± TfR 3)R2
5 3

SSS(i+i)dT
8 5
15 TfR

2
5 zCM

-Z-if
0+P2

=i S2 ~ n}+(~)2d1;
-p 1

(43)

SSSidT
-8--S
15 TfR

1 !III 5 z~M
+21

0
- 2 7

The integral is again elementary and expressible in terms of inverse

trigonometric or logarithmic functions.

0+°2

= l~ S5 ~
-°1

221"11 522
n 1; d1; + - -- - 2 S 1;CM2 Jo

(40)

d) Coulomb Energy

We denote by G the dimensionless quantity

G = (Coulomb Energy
- (Coulomb Energy of Sphere R)

In the above, zCM locates the center of mass and 1;CM' defined as

zCM/(R l+R 2), is given by

Defining the dimensionless quantity Q as the mass quadrupole moment

divided by the mass of the standard sphere times R2, we have

SH[2(Z-zCM)2_/-i 1dT

(j TfR 3) R2

= ±(!J1 _ ~)
5 ~o '1

0
•

method described in Ref. 11. In the numerical integrations over z the range

(44)

-1<r
12

>

<r 1>
12 sphere

The Coulomb energy integral in eq. 44 was evaluated numerically using the

where <r1t is the average value of the inverse distance between pairs of

points inside the shape in question and <r11>sPhere requal to (6/S)R- l l

is this quantity evaluated for a sphere.

of inegration was divided into four regions as follows (see Figs. 2,3b):

from the tip z = -R l to the junction point zl' from the junction point to

the tip z3 (for post-scission shapes) or to the "symmetry point" zCUT (for

pre-scission shapes), plus two more regions, defined analogously for the

(41)

(42)

1;d1;°r

2

. n2

-°1

Jn
2

1;d1; = t S3
- Sn2d 1;

1 STfy2(z) z dz

R1+R 2 STfy2(Z)dZ

Q

1;CM



remainder of the figure. In each region a Gaussian N-point quadrature formula

was used. After studies of accuracy using N up to 16, a compromise value of N

= 8 was adopted. For typical shapes this gives 32 points in the full interval

of z. The greatest inaccuracies occur when the shape degenerates into a

single spheroid and there are, in effect, only 16 points in the full range,

or, for separated spheres, when each sphere has to make do with only 8

points. In the former case the exact value of G, for a spheroid with a ratio

of axes 2:1, is 0.9579759 and the numerical integration 9ives 0.9582123, an

error of 0.0002364 or about 0.025%. In the latter case the exact value of G

x = (Charge)2

10(Vo1ume)(Surface Energy Coefficient)

= i (Chr ge )2 ;ls'nR2y

E(O)
= c

2[TOT
s

where E(O) and E(O) are the Coulomb and surface energies of the
c s

sphere.

(46)

7

for equal tangent spheres is 0.8924441 and the numerical integration gives

0.8923276, implying an error of -0.0001165 or about -0.013%. In most cases,

the numerically calculated values are considerably more accurate.

4. The Nuclear Oeformation Energy

In the present approximation, the deformation ener9Y of a nucleus, If,

taken with respect to the energy of the standard sphere R, and expressed in

units of the surface energy of that sphere, may be written as follows

With (F - 1) and (G - 1) tabulated once and for all usin9 eqs. 43, 44,

the deformation energies of different idealized nuclei may be deduced by

mixing these two contributions in the proportion prescribed by eq. 45, using

the fissility parameter x appropriate to the nucleus in question.

5. Nominal Values of Nuclear Parameters

For a nucleus with atomic number Z, neutron number N, mass number A

(= N+Z) and relative neutron excess I (= (N-Z)/A), we shall adopt as nominal

~ =~ = ----~- [Surface Ener9Y - 4nR 2y + Coulomb Energy - i (Cha~ge)21
4nR y 4nR y

estimates of the Coulomb and surface energies the values given in Ref. 16:

= F - 1 + 2x(G - 1) (45)

E(O) =1 (Charge)2
c 5 R

Z2
0.7053 l73 MeV

A
(47)

where y is the nuclear surface energy coefficient, "Charge" is the total

electric charge on the system and x is the nuclear fissility parameter,

defined by

E~O) = 4nR2y = 17.9439 (1 _ 1.7826 12) A2/3 MeV

The nominal formula for the fissi1ity parameter follows as

Z2 /Ax = -----=----"--'-'---....",--
50.88303 (1-1.7826 12)

If the radius R is written as r oAl/3 , where ro is a constant, the

nominal value of ro implied by eq. 47 is

(48)

(49)
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i I

3 e2

r o = 5 0.7053 MeV 1.224992 fm (50)
the fissility parameter (and any other property of interest) may be calculated

directly. The inverse problem, finding A, Z, I for a nucleus on the valley of

Here e2, equal to 1.439978 MeV fm, is the square of the electric charge on

the proton.

The nominal value of the surface energy coefficient, implied by eq. 48, is

stability for which the fissility x is specified, is less trivial. Thus,

eliminating A, Z between eqs. 49, 52, 53 leads to the following cubic equation

for 1

ensuring that ground state masses, fission barriers, and (after inclusion of

These are nominal values, appropriate to the model in question, and

y 17.9439 (1-1.7826 12) MeV
24nr

o

0.951569 (1-1.7826 12) MeV fm- 2 ( 5l)

aol 3 + al l 2
+ a21 + 1 = 0

where ao = 2.5 (K - k)

al = 5k - K

a2 = -2.5(1 + k)

and K stands for 1.7826 and k stands for 50/(50.88303x).

(54 )

shell effects) nuclear ground-state masses and deformations will be reproduced

approximately when the semi-empirical treatment described in Ref. 16 is used.

The deformation-energy maps to be described in the next section display

the dimensionless quantity ~(6,p,A) at a series of values of the dimensionless

parameter x. The maps are "universal" in the sense of being independent of

the numerical values of the nuclear parameters. Two of the labels on the

maps, however, ("LENGTH" and "ENERGY") refer to units of length and energy

The relevant solution of eq. 54 may be written as

-1

[
1 -1 W) a2J1 = 2!=q cos(3 tan IT - T

where

1 1 2
q = 3 a1 - "9 a2

1 1 1 3
U = 6 a1a2 - 2 ao - 27 a2

(55)

necessary for converting the dimensionless shape dimensions and energies into

fermis and MeV, and they do depend on the nuclear parameters. These units

(and other properties) were calculated for nuclei lying on Green's

approximation to the valley of beta stability, specified by

=~
200 + A

Given the mass number A for a nucleus on this valley of stability, one may

then calculate I, and since Z follows from

1
Z=2 A (l-I)

(52)

(53)

W = I-q3 _ U2

Once 1 is found, A, Z, N, etc. follow trivially.

Using the above equations we have listed in Table 1 the values of A, Z,

N, I, E~O), E~O), R for 60 nuclei with x values from 0.05 to 1.5.

6. The Maps

There are altogether 815 maps in four appendices, with page numbers A-I to

A-50, B-1 to B-50, C-l to C-50, and D-l to D-665. The odd pages in appendix A



display the scale function S, the even pages the quadrupole moment Q.

Appendix 8 displays the moments of inertia: 11 /10 on the odd pages and

~1/;0 on the even pages. The odd pages in appendix C gives maps of the

quantity G-l and the even pages display F-l.

Each map refers to a fixed asymmetry 6, listed at the top of the page and

ranging from 6 = 0 to 6 = 0.6 in steps of 0.025. In appendix 0 this is

followed by the "fractional" asymmetry, i.e. the fraction of the total mass

(or charge) residing in the larger of the two fragments after scission or,

more generally, the ratio R~/(R~+R~). Using eqs. 14,15 this is

related to 6 by

the point p = 1, A = 0 must correspond to 1.52 and 1.53, with the latter

referring to the contour value on the left, since S is increasing towards the

sphere. Moving up along the boundary A = 1 - P and counting off the contours,

one confirms that the thicker lines correspond, as one might expect, to the

round numbers 1.55, 1.60, 1.65, and that the last contour before the tip

corresponding to the sphere is 1.66, as it should be. (Owing to the nature of

the contour-plotting routine, small pieces of a contour approaching a

non-rectangular boundary are usually missing, so it could happen that this

check would be slightly off). In the case of the maps of ~, a further

reference point is often available under the legend "SADDLE". For example,

9

"FRACTIONAL"

3
_ R, _ (1+6)3
- R3+R3 - 2+6i

1 2

(56)

the map for 6 = 0.2, x = 0.5 (p. 0-313) exhibits an easily discernible saddle

near P = 1.5, A = 0.4, whose energy is listed as "SADDLE .10437". Since the

spacing between contours is 0.005 in this case, this identifies the two thick

The largest value of 6, equal to 0.6, thus corresponds to a mass or

charge ratio of 1 : 0.0156, e.g. a target nucleus with atomic number 100

bombarded with (or emitting) a particle with atomic number 1.56 (somewhat

smaller than an alpha particle).

The maps display, as functions of p and A, contours of equal values of

the quantity in question (S, Q, :11 /'0' ~1/30' G-l, F-l, and ~). The

contours are not labeled. In order to deduce the numerical value that a

contour refers to, one should locate the two reference points, the sphere at

p = 6, A = 1-6 (this is the angled tip of the maps on the left), and the

tangent spheres at p = 1, A = O. The legend at the top of the map gives,

under "SPHERE" and "TANGENT", the values of the quantity in question at these

points. For example, in the case of the scale function for 6 = 0.2 (p.A-17),

the value of S for the sphere is 1.66667 and for tangent spheres it is

1.52855. Since the spacing between contours (as given by the legend

"SPACING") is 0.010 in this case, it is clear that the two contours nearest to

contours near the saddle as corresponding to ~ = 0.100 and the two thin

contours as ~ = 0.105. This identification is confirmed by counting off the

contours either towards the sphere or tangent spheres. In the case of the

maps for the energy ~, it sometimes happens that one reaches the zero contour,

~ = 0, not exactly at the spherical shape. This is a consequence of the

inaccuracy in the numerically calculated value of the relative electrostatic

energy, G. Even though this inaccuracy is only a small fraction of one

percent, it tends to show up as a quite noticeable displacement of an

isoenergy contour in cases--such as the neighborhood of the sphere--where the

energy is stationary and the deformation-energy landscape almost flat. (For

example, on p. 0-366, the thick contour near the left-hand edge refers to ~ = 0

and ought to have been exactly on this edge, which corresponds to the sphere.)

Each energy map is labeled by a value of the fissility x and asymmetry 6.

The values of x range from x = 0.05 to x = 1.5 in steps of 0.05 for x < 0.6
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and x > 1.0, and in steps of 0.025 in the interval 0.6 < x < 1.0. The

arrangement of the maps is such that, for a given x, successive values of 6

appear on pages stacked behind one another. For example, starting on p.

0-385, one has x = 0.6 and 6 = O. Turning the page, one has immediately under

it the case of 6 = 0.025 on the next odd page, 0-387. Continuing to turn the

pages, successive sections of the configuration space, taken at increasing

values of the asymmetry, appear stacked behind one another, just as in Fig.

4. This continues up to the highest asymmetry for the given value of x (equal

to 0.55 for x = 0.6), after which the sequence of maps for the next value of x

begins. This continues up to p. 0-665, which finishes off the sequence of

maps for x = 0.725. The sequence for the next x-value, equal to 0.750, begins

on p. 0-664, the even page facing page 0-665. Turning the pages back one by

one again reveals sections of the configuration space taken at increasing

values of 6. The sequence for the highest x-value, equal to 1.5, comes to an

end on p. 0-2. A similar stacking scheme operates in the case of the simpler

maps in Appendices A, B, C.

The energy maps in Appendix 0 cover a domain in the parameter space of x

and 6 shown in Fig. 9. The boundaries are governed approximately by the

principle that the maps should cover the range of conditions that can be

achieved by bringing together any two nuclei in the periodic table (from about

the alpha particle to the heaviest elements). It then turns out that, for

x-values up to about 0.95, the upper bound on 6 (for a given x) is reached

when the smaller fragment decreases below about mass number 4. For x-values

greater than about 0.95, the upper bound on 6 is reached when the larger

fragment becomes heavier than the heaviest element in the periodic table. (In

estimating these bounds the total system is always assumed to be close to

Green's valley of beta-stability.)

7. Saddle-point Properties

Configuratons of special interest are those for which the energy ~ is

stationary with respect to small variations of the shape parameters. If the

energy is stationary with respect to ~ the degrees of freedom defining the

problem at hand (in our case 6, p, AI, we have unconditional configuratons of

equilibrium (minima, saddles, mountain tops). If the energy is stationary,

but only under the condition that some shape parameter (or parameters) is held

fixed, we have conditional configurations of equilibrium, the equilibrium

being conditional on the freezing of some parameter(s). Unconditional equi

librium shapes are invariant to a change of coordinates (e.g. from 6, P, A to

some functions 6', p', A' of 6, p, A). Conditional equilibrium shapes are not

invariant to a change of coordinates (it obviously matters, in general,

whether /1 or /1' --a function of /1, p, A--is frozen) and their relevance is in

proportion to the physical significance of the freezing of the given

pa:'-''"eter( s).

Our energy ~(6,p,A) is stationary to small variations of /1,p,A for five

types of configurations: the sphere, two equal spheres at infinite separation,

two unequal spheres at infinity (if x > 0.2), the reflection symmetric

Bohr-Wheeler saddle-point shapes and the asymmetric Businaro-Gallone saddle

shapes (cousins of the unequal spheres at infinity). In addition, when x = 0,

two equal spheres at any separation (from infinity up to tangency) have a

stationary energy. (See Ref. 17 Fig. 39 and Ref. 18 for surveys of such

equilibrium shapes.)

The most important family of equilibrium shapes is the Bohr-Wheeler

family of saddle-points, whose energy (with respect to the sphere) defines the

barrier energy against binary symmetric fission. The family starts as equal

tangent spheres at x = 0 and, through a series of hour-glass figures,



cylinders with rounded ends, and spheroids of decreasing eccentricity, becomes

a sphere at x = 1. This sequence can be traced as a function of x in the maps

of ~ appropriate to symmetric shapes with 6 = O. In addition, various

properties of these saddle shapes are listed on the first page of Table II, in

the range x = 0.3 to x = O.g. The remaining pages of Table II refer to

conditional and Businaro-Gallone saddles. For each value of x (listed in the

first cOlumn), there follow two lines of numbers (22 entries altogether)

giving the following characteristics of the saddle shapes:

BARRIER:

SURFACE:

COULOMB:

RHO:

LAMBDA:

INPERP:

INPAR:

QUADRUPOLE:

R1,R2:

The (dimensionless) energy ~ of the saddle shape, in

units of the surface energy of the sphere.

The dimensionless relative change in the surface energy,

denoted by (F-l) in section 6.

The dimensionless relative change in the electrostatic

energy, denoted by (G-l).

The a-coordinate of the saddle-point in the a-A plane.

The A-coordinate of the saddle-point in the P-A plane.

The (dimensionless) moment of inertia of the saddle-point

shape, Dl/~o' taken about an axis through the center of

mass and at right angles to the axis of symmetry and

expressed in units of the moment of inertia of the sphere.

The (dimensionless) moment of inertia about the axis of

symmetry, denoted bY.1I1 /..1o '

The mass quadrupole moment of the saddle-point shape in

units of the quantity: (total mass)(standard radius R)2.

The radii Rl ,R 2 of the two spheres defining the outer

parts of the saddle shape, in units of the standard

radius R.

SCALE:

Zl,Z2:

Z CUT:

FMASS:

ZCM1,ZCM2:

COMPACT:
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The sum of Rl and R2. Multiplication by SCALE converts a

linear dimension expressed in units of (R l + R2),

such as p or A, into a linear dimension expressed in

units of the standard radius R.

The coordinates of the junction points zl and z2 of

the first and second sphere with the middle quadratic

surface, measured from the center of the first sphere, in

units of the standard radius R.

When the spheres do not overlap, this coordinate, measured

as above, divides the distance between the centers of the

two spheres in the ratio of their radii. When the spheres

overlap, it is the z-coordinate locating their intersection.

The fractional mass, Ml /(M l+M2), of the part of the

saddle-point shape on the same side of Z CUT as sphere

1. For necked-in shapes this is approximately the

fractional mass to one side of the neck (the region of

minimum radius of the middle quadratic). It continues to

provide a measure of asymmetry even when the neck has

disappeared or has moved into the unphysical region

outside the interval between zl and z2'

The coordinates (with respect to the center of sphere

and in units of the standard radius R) of the centers of

mass of the two portions of the shape, one on the same

side of Z CUT as sphere 1, the other on the same side as

sphere 2.

The difference between ZCM2 and ZCM1. This is a measure

of compactness of the saddle shape.
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OPENING:

ANGLE:

This is a, the degree of opening of the neck (window)

between the two halves of the shape, given by

[1-(1-Alp]/(l-62).

When the potential energy expression in the vicinity of

the saddle-point (at fixed 6) is brought to principal

axes in the p,A plane, the anticlockwise rotation (in

degrees) from the P-A coordinates to those axes is given

by "ANGLE". (See below.)

contraction and drift toward the sphere. For 6 = 0.175 and higher, the

reversal in the elongation is absent. This is associated with the

simultaneous presence, in those cases, of two additional families of

conditional equilibrium: a more compact saddle shape, analogous to the

contracting part of the Bohr-Wheeler shapes and a conditional minimum (a shape

that would be stable under the restriction imposed by our parametrization

together with the freezing of the asymmetry 6). This can be seen, for

example, on p. 0-346 for the case of x = O.g, 6 = 0.25. In this map of the

STIFF1,STIFF2: The stfffness of the potential energy in the vicinity of

the saddle with respect to normal coordinate displace

ments. Thus the potential energy change, ~ - ~sp' for

a point whose small displacement from the saddle-point

location is specified by (p - Psp' A - \pl, is

~-~sp = (STIFF1)[(A-Asp ) sin(ANGLE) + (p- psp) cos(ANGLE1]2

+ (STIFF2)[(A-Aspl cos(ANGLE) - (p- pspl sin(ANGLE)]2

Note that, by symmetry, the asymmetry displacement 6 must be decoupled,

for the Bohr-Wheeler saddle shapes, from the displacements

A -\p' p - Psp' so that 6 is, in fact, the third principal-axis

displacement for those shapes. For a given x, the associated stiffness,

STIFF3, may be estimated by fitting a quadratic to the barrier energies

(listed under BARRIER) for conditional saddle shapes differing from the

Bohr-Wheeler saddle by small values of 6.

After the Bohr-Wheeler saddles on the first page of Table II, follow the

analogous cooditional saddles at fixed asymmetry, for 6 = 0.025, 0.05 ...

0.475. Up to 6 = 0.150, they behave qualitatively like the Bohr-Wheeler

shapes: an elongation with increasing x up to about x'" 0.7 followed by a

potential energy there are two saddles, at p = 2.6066, A = 0.6496, and p =

0.58, A = 1.32, as well as a minimum, somewhat beyond the edge of the map near

p = 3, A = 0.91. (See also section 8.) In cases wheo three conditional

equilibrium shapes are present, Table II lists only the properties of the most

necked-in one, where the condition of a frozen asymmetry 6 is most likely to

be physically relevant.

The last page of Table II lists the properties of the Businaro-Gallone

shapes of unconditional equilibrium. In this table the first column is the

value of x and the second is the asymmetry 6 of the Businaro-Gallone shape for

that x-value. The other entries are as before. Note the remarkable feature

of our 6,p,A parametrization that the P and A values of the Businaro-Gallone

shapes turn out to be almost independent of x. Thus P = 1.484 ± 0.005,

A = 0.354 ± 0.004, would bracket almost all the tabulated values of P and

A consequence of this is that the stiffness of the potential energy of a

Businaro-Gallone shape with respect to changes in 6, i.e. "STIFF3", can be

estimated by fitting a parabola to a few neighbouring values of the energy

at the standard location P = 1.484, A = 0.354, and with 6 differing by ±0.025,

±O.050, etc. In effect, even though the variable 6 is not a principal axis of

the potential-energy expression in the neighbourhood of a Businaro-Gallone



shape by virtue of any symmetry properties, it happens to be very close to the

principal axis in our ~,p,A parametrization.

The relative dimensionless energy ~ for the Bohr-Wheeler and

Businaro-Gallone shapes is plotted as a function of x in Fig. 10. The

the presence of the perturbation caused by the smaller piece. Below the

critical value x ~ 0.8 the Businaro-Gallone shape is stable against such a

disintegration (involving the elongation of the larger piece and an eventual

formation of a second neck). In those cases, the saddle point guarding the
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This scaling rule is based on the small-neck (i.e. small xeff ) approximation

to saddle-point shapes, but Fig. 12 shows that it continues to hold in a rough

way even for higher values of xeff ' where some of the saddle-point shapes

are not necked in at all:

energies ~ of the Bohr-Wheeler saddles and of conditional saddles for ~ ~ 0.1,

0.15,0.2, 0.25, 0.3, 0.35, 0.4, 0.45 are shown in Fig. 11. Figure 12 is a

test of the accuracy of the scaling rule of Ref. 15. According to this rule,

the energy n of conditional saddles at an asymmetry ~, taken with respect to

the energy of tangent spheres and expressed in units of (twice) the surface

energy of a sphere whose radius R is the "reduced radius" R of the system [R ~

R1R2/(R l +R 2)], should be a universal function of the "effective

f iss i 1ity parameter", xeff ' where

xeff
x (1_~2 )2

1+3~2

Businaro-Gallone shape against such a disintegration is the new equilibrium

family. With decreasing x these shapes are expected to tend to a figure with

two necks, eventually ending up as three equal tangent spheres at about

x ~ 0.6 (?) (see Fig. 39 in Ref. 17). Our binary, single-neck parametrization

is intrinsically incapable of following this sequence of equilibrium shapes.

The relation to each other of these families of equilibrium shapes is

illustrated in Fig. 15. [The loss of stability against fission near

x ~ 0.8 of the larger lobe of a Businaro-Gallone shape, has its counterpart

in the astronomical problem of idealized rotating gravitating masses. There

the "Roche limit" refers to a critical configuration where the smaller one of

two orbiting masses becomes unstable against disintegration in the presence of

the (tidal) perturbation caused by the larger one.]

8. Illustrative Examples

~ ~

Figures 13,14 display the Businaro-Gallone shapes for x ~ 0.4, 0.45, 0.5,

0.6, 0.7, and 0.8. Beyond x ~ 0.7, the present parametrization becomes

rapidly inadequate for the description of t~ese shapes. Thus, the

Businaro-Gallone family is believed to come to an end near x ~ 0.8

(Refs. 11,19), where it doubles back on itself, so that for x ~ 0.8 there

exists yet another family of equilibrium shapes (with one more degree of

instability than the Businaro-Gallone shapes, i.e. three degrees instead of

two). The physical meaning of this is that at about x ~ 0.8 the larger of the

two pieces of the Businaro-Gallone shape becomes unstable against fission in

Table III lists, in the first column, a number of reactions between pairs

of nuclei that have recently received much attention. The second column gives

the asymmetry ~, estimated on the basis of the atomic numbers Zl'Z2' i.e.

assuming that the radii Rl ,R2 are proportional to z;/3,z1/3 Thus

zl13 Z1/3
1 - 2

Zl/3+Z1/3
1 2

The third column gives the fissility parameter x for the total system (eq. 49).

The last column gives the page number of the most nearly relevant
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potential-energy map in Appendix D, obtained by rounding 6 and x to the

nearest quarter unit in the first decimal place. Because of this rounding and

because the systems considered are not exactly on the valley of beta

stability, a given map is only approximately relevant for the system in

question.

The first seven reactions in Table III were the subject of studies in

Refs. 20,21, from which it appears that, as the lighter partner in a collisiar.

with 208pb is increased from 26 Mg to 64 Ni , automatic fusion on contact

gives place, somewhere around 48Ca or 50Ti , to reseparation (unless an

extra push--an extra bombarding energy over the interaction barrier--is

provided). Glancing through the sequence of maps on pp. D-542, D-448, D-398,

D-350, D-300, D-302 one does, indeed, 9ain the immediate impression that a

system started off from rest at contact (i.e. at p = 1, A = 0) would readily

fuse in the case of the first two reactions (p. D-542) but would probably

reseparate (by first increasing A and then veering off toward increasing p) in

the case of the seventh reaction (with 64Ni ). Even the existence of a

transition region near 48 Ca or 50Ti might have been guessed merely by

inspection of the potential-energy maps.

It is interesting to note that with our (restricted) parametrization and

with the asymmetry 6 frozen, the systems corresponding to maps D-448, D-398,

D-350 and D-300 possess a conditional minimum for elongated shapes near the

right-hand edge of the maps. If a system were trapped in such a minimum, it

could only redivide by changing its asymmetry. In all the cases mentioned

there is, indeed, a driving force in the direction of decreasing asymmetry,

for configurations in the Vicinity of the minimum. This may be verified by

comparing successive maps at a given x and different asymmetries (by simply

flipping the pages). The minima are, therefore, conditional but not

unconditional (true) equi 1ibrium shapes.

The eighth reaction in Table III was used recently to make a few atoms of

element 107 (Ref. 22) and the ninth is a candidate reaction for making a

superheavy element. In the former the production of a compound nucleus may

have been helped by a deformed ground state, associated with a local dimple in

the potential energy landscape, the result of nuclear shell effects (not

displayed on our maps). In the latter case the shell-effect dimple is

expected to be around the spherical shape, all the way on the left of the map

on p. D-196.

The last line in Table III refers to the case ~ = 0.25, x = 0.9

(approximately a reaction like 226Ra + 41 K). The associated

potential-energy map on p. D-346 is typical of reactions in this range of 6

and x values, ~nd some details of relevant shapes are given in Figs. 1,2,3.

Thus Fig. la shows the tangent configuration and Fig. Ib shows the compact

conditional saddle shape in the vicinity of p = 0.58 and A = 1.3190 (where the

central spheroid has just covered the smaller sphere). Figure 2a gives some

indication of the appearance of the conditional minimum, which is somewhat

beyond the edge of the map and therefore even more elongated than the shape in

Fig. 2a, with P = 3, A' = 0.91. If such a shape were obliged to disintegrate

within our restricted parametrization and at fixed 6, it would have to find

its way over the saddle-point pass at p = 2.6066, A = 0.6496, shown in

Fig. 2b. [From the ~-values for these shapes and the caption "ENERGY" on p.

D-346, we deduce that the barrie'r opposing such disintegration would be about

(0.00004 + 0.0155)(695.85 MeV) = 10.81 MeV,l Figure 3a illustrates a scission

shape with the same value of p as the saddle point in Fig. 2b and with

A = 0.6164. Figure 3b shows a post-scission shape resulting from decreasing

further to 0.52.



g. Limitations

We hope that the present maps, relevant for idealized nuclei, will be

found useful in advancing our understanding of the statics and dynamics of

real nuclear processes. This usefulness will be enhanced if the serious

limitations of the maps are clearly realized and kept in mind. Of these

or for shapes where there is no necking or only a single neck, the resulting

limitations may not be serious or may be only quantitative. However, for

shapes where two necks come into question, the limitations become qualitative

and could easily be misleading. One example is the fate of the

Businaro-Gallone shapes, discussed in section 7. Another qualitative
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limitations we would like to mention especially the following:

sharpness of the surface (and the associated neglect of the finite range of

nuclear forces) results in a particularly inadequate description of the energy

of two nuclei in close proximity and of systems with small necks. The

a) The maps refer to nuclei idealized as sharp-surfaced systems. The

shortcoming would probably show up in a discussion of the possible

disintegration modes of very elongated shapes, such as the one in Fig. 2a. As

such cylinder-like shapes become longer and longer, ternary, quaternary and

higher division modes are known (qualitatively) to come up for consideration.

Our parametrization is intrinsically unable to accomodate them and could be

modifications to our potential-energy maps due to these effects would be grossly misleading if these limitations were underrated.

there is no possibility of discussing bending or wriggling deformations or

triaxial shapes.

d) Within the boundaries of our maps we have no flattened shapes--for

example, no single oblate spheroid nor two approaching nuclei, flattened under

the influence of the electrostatic repulsion.

uniform electric charge density assumed proportional at each point to the mass

density. As a result, all the effects associated with the Droplet Model

[charge redistribution, neutron skin, etc. (Ref. 25)1 are absent.

particularly pronounced near the contact point (p = 1, \ = 0) and along the

scission line (\ = 1 - p-l). An estimate of the modification along the

lower edge of the maps (for \ = 0 down to p = 1 and along the sloping line

\ = 1 - p-l) may be obtained by a judicious use of the Proximity Potential

from Refs. 23,24. In doing this one should remember the limited applicability

of the proximity potential itself (to nearly parallel crevices and gaps) and

the fact that the illustrative nuclear parameters suggested in section 5 were

designed to reproduce approximately average nuclear energies in the absence of

a proximity contribution. Hence, away from regions where the shapes have

well-defined gaps or crevices, any sizable corrections implied by a formal

application of the proximity method should probably be disregarded. As a

c)

e)

f)

The parametrization is restricted to axially symmetric shapes and

Our idealized Liquid Drop nuclei have not only sharp surfaces, but a

Even more important, of course, is the absence of shell effects in

should be imagined as smoothed out to a rounded hill. The rather sharp ridge

along the scission line should also be imagined as somewhat smoothed out.

rough rule, the peaked mountain usually appearing in our maps at p = 1, = a our potential-energy maps. In cases when large shell effects are expected, it

is particularly important to remember that our maps provide only the average

background, on top of which the shell effect oscillations should be

b) Our three-degrees-of-freedom parametrization of nuclear shapes by superimposed. In situations where shell effects are less pronounced (for

two spheres and a third quadratic is quite restrictive. For compact shapes, example, at excitation energies of some tens of MeV), the maps may be more

nearly relevant, as they stand, for semi-quantitative estimates.
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Fig. 1.

Fig. 2.

Fig. 3.

Figure captions

Examples of shapes described by our parametrization of two spheres

joined by a quadratic surface of revolution. The values of the

asymmetry coordinate /1, the separation coordinate P and the "deck"

coordinate A are indicated. The dimensionless relative deformation

energies s are given for a system with a fissility parameter

x = 0.9. In b) the middle quadratic (a spheroid) has just swallowed

up the smaller sphere. The center of the spheroid is indicated by a

vertical bar. The unit of the scale on the ordinate and abscissa

corresponds to the radius R of the standard sphere, with volume

equal to the total volume of the given shape.

Same as Fig. 1 but for more elongated shapes. The middle quadratic

is now a hyperboloid of one sheet. Its center is again indicated by

a vertical bar (a distance c from the origin) and its junction

points with spheres Rl and R2 are denoted by zl and z2' The

dashed vertical line at z = Zcut divides the distance, r, between

the centers of the two spheres in the ratio of their radii.

Same as Figs 1 and 2 but for a scission shape a) and a post-scission

shape b). In b) the left-hand fragment is a portion of a sphere

fitted to a piece of a hyperbola of two sheets with tip at z3 and

center at c l . The second fragment is a scaled down image of the

first, with simultaneous reflection about the center at cl'
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Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

This is a perspective view of the configuration space in which ~, p,

and A are cartesian coordinates (with ~ pointing away from the

reader). Sections at ~ = 0, 0.2, 0.4, 0.6, 0.8, and 1 help to

visualize the shape of the "configuration box" to the inside of

which are confined the shapes of interest. The whole box extends to

infinity on the right and is reflection symmetric about the plane

~ = O. The nature of the shapes corresponding to various parts of

the box are indicated by labels. The "ovoids" are egg-like shapes,

tending to a sphere on the left and to long needles on the extreme

right.

A section of the configuration space at ~ = O. The dashed lines

indicate where cr, the relative degree of opening of the window

between the two halves of the shapes, is 0, 25%, 50%, 75%, and 100%,

respectively. The label "Binary Regime" refers to separated

fragments, "Oinuclear Regime" to (substantially) necked-in shapes

and "Mononuclear Regime" to shapes without a neck. In this,

symmetric, case all of the ordinate between A = 1 and A = 2

corresponds to a spherical shape.

Same as Fig. 5, but for ~ = 0.2.

Same as Fig. 5, but for ~ = 0.4.

Same as Fig. 5, but for ~ = 0.6.

The outline of the region in the ~-x plane for which

potential-energy maps are provided in Appendix O.

Fig. 10. The dimensionless deformation energy, ~, of the Bohr-Wheeler and

Businaro-Gallone shapes, as calculated in the present

parametrization. The thin straight line on the left is the limiting

behaviour of the Bohr-Wheeler energies as x + O. The dashed part of

the Businaro-Gallone curve becomes inaccurate and its extension

beyond x"'0.8, spurious. The correct behaviour is indicated

(schematically) by the dotted curve.

Fig. 11. These are the dimensionless deformation energies of the conditional

saddle-point shapes for ~ = 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4,

0.45. (The curve labeled ~ = 0 refers to the Bohr Wheeler

unconditional saddle shape.)

Fig. 12. The deformation energies from Fig. 11 are plotted in a way designed

to test the "small-neck" scaling rule explained in the text. All

the curves tend to a universal behaviour for small values of the

effective fissility xeff ' where the scaling rule is exact. For

larger values of xeff the curves split up into two trends (beyond

x
eff

'" 2/3): an upswing for the compact shapes tending to a

sphere, and a continued downward trend for necked-in shapes. The

short piece of the curves labeled ~ = 0.2 (below the cusp at

xeff '" 0.66) refers to the conditional minima discussed in the

text. The fact that Fig. 12 is considerably more compact than

Fig. 11 attests to the usefulness of the scaling rule, at least in

the range of asymmetries and fissilities illustrated.

Fig. 13. The Businaro-Gallone shapes for x = 0.4, 0.45, 0.5. The vertical

bar shows the location of the center of the hyperbolic neck and the

cross indicates the center of mass of the whole figure.
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Fig. 14. Same as Fig. 13, but for x = 0.6, 0.7, 0.8. The last figure is

expected to be a very inaccurate representation of the true

situation (see text).

Fig. 15. Some characteristic dimensions of the Bohr-Wheeler and

Businaro-Gallone shapes (in units of the standard radius R). The

neck radius (labeled Rmin ) of the Bohr-Wheeler shapes starts from

zero at x = 0 with a slope of 0.6nl and reaches 1 at x = 1. The

major semi-axis (labeled Rmaxl starts with a value 1.5874 at

x = 0, increases until about x ~ 0.62, and then drops to 1 at

x = 1. The Businaro-Gallone family bifurcates off the Bohr-Wheeler

a)

0.25 p >= 1 A
0.08646

o

family at x ~ 0.4. Its neck radius decreases with increasing x.

1.31900.58 A

234
I I I

6. = 0.25 p
g = 0.0026

~
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/-A----

,/ \ ---~
/ \ ~

I \
I \
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/ 11o
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\\ I

" I, I
......./----/.-;,
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b)

turning point at x ~ 0.8.

the expected behaviour of the Businaro-Gallone family beyond the

Its two axes labeled Rmax and Rmed correspond to the distances

from the tips of the figure to the center of mass (indicated by

cross in Figs. 13, 14). The dotted curves indicate schematically

FIG. 1



20

-L
1::. = 0.25 p = 3 A = 0.91 a)

~
1::. = 0.25 p = 2.6066 A = 0.616358a) t =-0.0155 t,,; -0.03, , ,

"' "'\ 1 /

\ 1 /
/

\ 1 !
I

\ I 2 1 31 \ 4
1---+-1 I

I' I''ii
I Zcut I II .1 \1 ,

\
/ I "',/ ,

I --"--
/

?----- ,'xb) ---l--....- 1::. = 0.25 p = 2.6066 11.=0.6496 1::. = 0.25 p = 2.6066 11.:0.52

t = 0.00004 t = -0.071

W \ ~
Rl \

\
Z,

0 " 'I .\ { 10z

XBL 82&7llO

FIG. 2
FIG. 3



21

I2, SPHEROIDS

XBL 826-782

---

MONONUCLEAR REGIME

- --o _/ _--- ~y.._---~"oJ_ _- .,C\.~-- ~,
'.-' / U - ~ \0"

.-' ,,~~""- _?\.!';~\"" ~psS BINARY REGIME
/ '].."~.-'

// 1:10\0

___ ~~fo 5~~~~0~~~~~ _

""0::

"":r:c..
VJ

SPHERES I
01 'V '
o I 2 3

DISTANCE VARIABLE p

.-<

J.l.l
....l
a::I
<t:
0;:
<t:
>
~
U
J.l.l
o

XBL 826-781

3

SPHEROID

DISTANCE VARIABLE p

2r ~

-<

W
--J
aJ
«
0::
«
>
Y:
U
W
o

FIG. 4 FIG. 5



22

2/ I
21 I

3

BINARY
REGIME

MONONUCLEAR
REGIME

SPHERES

1 2

DISTANCE VARIABLE p

CAPPED CONE

/]2-05~~O-~~~~~:::--~~==:=======~~~~
1; _ -- R --,.; ---\JC\..x-/l.-------

/ 50010_/ D\~ ;::,i~
//;5

010
_ /iiG~C\sS\01'l

" 'J.,."",
// 0"10

/
/

00

J,.I.l
.....:I
a:l
<t:
;:;a
<t:
>
~
U
J,.I.l
Q

-<

3

MONONUCLEAR REGIME

1 2

DISTANCE VARIABLE p

SPHERES

------
,\,:>010;;--- _---;\..~/l.R_-- --

./" 0 ----D\~;!--'i-
'" ,:>\)01/- ---;'X-G\~ c,,\Ot-\

// ..... ....,- ~ SC\~

'" '),,:>01~/ BINARY REGIME
'" ",,," \)010

\00% CAPPED CONE---------------------------------
-----------

00

-<
J,.I.l
.....:I
a:l
<t:
;:;a
<t:
>
~
u
J,.I.l

Cl

XBL 826-783 XBL 826-791

FIG, 6 FIG, 7



.-<

W
.....:I
a:l
-<
02
-<>-
~
U
w
Q

2 i ,

~o\\)o MONONUCLEAR REGIME

l!l°~~- --=::::~-~-=--=-~~~~~~::::::::~'
/" 15oJ~--- ------------ -------

" --fJI _--C\.-,,"IS.---
/_ 50;''' - \J\~\~,,"- SC\SS\O~

/ ..... 1)013- .......... -~£:/ _-(lola BINARY
/' REGIME

SPHERES
0 1 '\/ ! ,

o 1 2 3

DISTANCE VARIABLE p

XBL 826-784

FIG. 8

<J

0.6

0.5

0.4

0.3

0.2

0.1

23

........ ~..... 1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

x

FIG. 9



24

01 ¥o.25 1

0.25f-~ ----1

0.25~' t:, = 0
0.\

°1 \

O.~
o.~

1
0.20~.~

i °T \ ~

'-'J> 0.15

>-
0
~

0.10

~~

r

UJ ~-

\~

0.\0

~'.
"':'~" oJ"""-

~-0.45
0.40
0.35

I! I I I! !~
o 0.5 1.0 0.20

FISSILITY PARAMETER x o 0.5

FISSILITY PARAMETER X

1.0

X8L S2f>.787

FIG. 10
FIG, 11



25

~ x=Q4

'\ 'I
\ I
\ /
\ I I
I, I + ' Ij \

\ 1 ~I\
I \

0,___ I '"

\
\
\
~

?
/

I
I

x = 0.5

x = 0.45
~

\
\
\
\

c)

b)

XBL 826.785

o Q5 l~

EFFECTIVE FISSILITY PARAMETER xeff

-0.5

~

><
tJ
~
~

Z
~

Cl
~

....:l
<:
U
tI)

FIG. 12

FIG. 13



26

a)

~
3.0

~
x = 0.6 '.

~
'.

\ ~

\
\ --;- ,I \ 2.5\1 ? ,
t

I~ J ~
R=,I \

/ ~ ---I

f
r / Rmax

2.0

b) I
rn

k';:~
~

x = 0.7 0
I-<

" U rr .
\ "-l
\ ;>- 1.5
\ rn
\1 3 0 "'-Rm• dis
J -</ ~ " ----I

I

/ 1.0

c) >k
~

x = 0.8

-------- 0.5
\
\
II

~

j/~ J~, ~~ --.-.==:-::------
.. - .........-_.

, I
0 0.5 1.0

FISSILITY PARAMETER x

XBL82f>.789

FIG. 14
FIG. 15



27

Table I

Nuclear Properties Along Green's Valley of Stability
Table I (cont. )

x A Z N I ~s")(MeV) ~c"\MeV) R (fm)
Nuclear Properties Along Green's Valley of Stability

x A Z N I 1f;)(MeV) 1fc")(MeV) R (fm)
0.050 10.591 5.189 5.402 0.020117 86.476 8.648 2.6902

0.075 16.197 7.856 8.341 0.029967 114.684 17.203 3.0994
0.800 244.558 95.372 149.186 0.220046 641.163 1025.861 7.6606

0.100 22.007 10.567 11.440 0.039651 140.519 28.104 3.4328
0.825 253.776 98.503 155.273 0.223701 655.094 1080.905 7.7556

0.125 28.019 13.321 14.698 0.049151 164.819 41.205 2.7206
0.850 263.036 101.634 161.402 0.227227 668.848 1137.041 7.8488

0.150 34.228 16.114 18.115 0.058453 188.013 56.404 3.9774
0.875 272.337 104.764 167.573 0.230629 682.430 1194.252 7.9403

0.175 40.632 18.944 21. 688 0.067542 210.353 73.623 4.2114
0.900 281.676 107.894 173.782 0.233913 695.846 1252.523 8.0300

0.200 47.223 21.808 25.416 0.076406 231. 995 92.798 4.4278
0.925 291.050 111. 024 180.027 0.237084 709.103 1311. 841 8.1181

0.225 53.997 24.703 29.295 0.085036 253.045 113.870 4.6301
0.950 300.459 114.152 186.306 0.240147 722.206 1372.191 8.2047

0.250 60.947 27.627 33.321 0.093425 273.575 136.788 4.8208
0.975 309.898 117.280 192.618 0.243106 735.160 1433.561 8.2897

0.275 68.066 30.577 37.490 0.101567 293.638 161.501 5.0016
1.000 319.368 120.407 198.961 0.245967 747.970 1495.939 8.3733

0.300 75.348 33.550 41. 798 0.109458 313.271 187.963 5.1740
1.025 328.866 123.533 205.333 0.248733 760.641 1559.314 8.4555

0.325 82.784 36.545 46.239 0.117098 332.506 216.129 5.3389
1.050 338.390 126.658 211.732 0.251409 773.178 1623.673 8.5364

0.350 90.367 39.559 50.808 0.124486 351.364 245.955 5.4971
1.075 347.939 129.781 218.157 0.253998 785.585 1689.007 8.6159

0.375 98.090 42.590 55.501 0.131625 369.865 277.399 5.6495
1.100 357.511 132.904 224.607 0.256505 797.866 1755.305 8.6942

0.400 105.946 45.635 60.311 0.138516 388.025 310.420 5.7964
1.125 367.106 136.025 231. 081 0.258933 810.026 1822.559 8.7713

0.425 113.927 48.695 65.233 0.145164 405.858 344.979 5.9385
1.150 376.722 139.145 237.577 0.261285 822.069 1890.758 8.8472

0.450 122.027 51.766 70.262 0.151574 423.377 381.039 6.0760
1.175 386.358 142.264 244.094 0.263564 833.997 1959.894 8.9220

0.475 130.239 54.847 75.392 0.157751 440.593 418.563 6.2094
1.200 396.012 145.381 250.631 0.265775 845.816 2029.958 8.9957

0.500 138.555 57.937 80.618 0.163702 457.516 457.516 6.3388
1.225 405.685 148.497 257.187 0.267918 857.527 2100.942 9.0684

0.525 146.970 61.034 85.936 0.169433 474.158 497.866 6.4646
1.250 415.374 151.612 263.762 0.269998 869.135 2172.838 9.1400

0.550 155.478 64.139 91. 340 0.174951 490.527 539.580 6.5870
1.275 425.079 154.725 270.354 0.272016 880.643 2245.640 9.2106

0.575 164.073 67.248 96.825 0.180264 506.633 582.629 6.7062
1.300 434.799 157.837 276.962 0.273976 892.053 2319.339 9.2803

0.600 172.750 70.363 102.387 0.185379 522.486 626.983 6.8224
1.325 444.534 160.948 283.586 0.275879 903.369 2393.928 9.3491

0.625 181. 504 73.481 108.022 0.190303 538.093 672.617 6.9358
1.350 454.283 164.058 290.225 0.277729 914.593 2469.401 9.4169

0.650 190.329 76.603 113.726 0.195045 553.464 719.503 7.0464
1.375 464.044 167.166 296.878 0.279526 925.728 2545.752 9.4839

0.675 199.222 79.728 119.494 0.199610 568.606 767.618 7.1545
1.400 473.818 170.273 303.545 0.281274 936.776 2622.974 9.5500

0.700 208.178 82.854 125.324 0.204007 583.528 816.939 7.2601
1.425 483.604 173.378 310.225 0.282973 947.741 2701.061 9.6153

0.725 217.193 85.982 131. 211 0.208242 598.237 867.444 7.3635
1.450 493.401 176.482 316.918 0.284627 958.623 2780.006 9.6798

0.750 226.264 89.111 137.152 0.212323 612.742 919.112 7.4646
1.475 503.208 179.586 323.622 0.286236 969.426 2859.805 9.7435

0.775 235.386 92.241 143.145 0.216255 627.048 971.924 7.5636
1.500 513.026 182.688 330.338 0.287802 980.151 2940.453 9.8065
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Table II

SADDLE-POINT PROPERTIES

X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASVMMETRV DELTA O.

. 300

.350

.'l00

.'150

.500

.550

.600

.625

.650

.675

.700

.72'5

.750

.775

.800

.825

.8'50

.875

.900

.16890 .27291 -.17336 1.'1001 .3061 3.5013 .5977 2.3229 .7838 .7838
.5'139 1.6509 1.097'1 .5000 .0307 2.16'10 2.1333 .0285 30.9119

.15135 .27550 -.1773'11.'1'150 .33623.6290 .5893 2.'1318.7809.7809
.518'1 1.7386 1.1285 .5000 .0398 2.2171 2.1772 .0'108 29.7567

.133'1'1 .27811 -.18083 1.'1907 .3668 3.7'177 .5797 2.53'1'1 .7775 .7775
.'1923 1.8257 1.1590 .5000 .0509 2.2671 2.2161 .0561 28.5128

.11520 .28068 -.18386 1.5383 .3988 3.8568 .5685 2.6306 .7733 .7733
.'16'19 1.91'12 1.1895 .5000 .06'16 2.31'1'1 2.2'198 .0752 27.1683

.09669 .2830'1 -. 18636 1. 5892 . '1336 3.952'1 .5551 2.7178.7679.7679
.'13'19 2.0058 1.220'1 .5000 .0820 2.3588 2.2768 .0999 2'5.7392

.07796 .28'172 -.18797 1.6'1'15 .'1732 '1.0229 .5388 2.7873 .7609 .7609
.'1008 2.1016 1.2512 .5000 .10'19 2.3975 2.2927 .1338 2'1.2935

.05916 .28'113 -.187'17 1.7035 .5221 '1.0322 .5183 2.8111 .1508 .7508
.3588 2.1992 1.2790 .5000 .1369 2.'1211 2.28'12 .1858 23.1813

.0'1983 .28131 -.18518 1.7316 .5533 3.9798 .5061 2.7790 .7'137 .7'137
.3322 2.2'135 1.2879 .5000 .1586 2.'1171 2.2585 .226523.2287

.0'1070 .27369 -.17922 1.7508 .59'12 3.83'11 .'1926 2.6732 .73'12 .73'12
.2980 2.2730 1.2855 .5000 . 1862 2.38'18 2.1987 .2895 2'1.8625

.03206 .25395 -.16'137 1. 7362 .65'18 3.'1912 .'1817 2.'1076 .7211 .7211
.2'189 2.25'19 1.2519 .5000 .2191 2.28'17 2.0656 .'1007 30.8392

.02'1'19 .216'19 -.13715 1.6510 .7'109 2.9'181 .'1862 1.9695 .7073 .7073
.1832 2.152'1 1.1678 .5000 .2'121 2.0936 1.8515 .572338.3'100

.01835 .176'13 -.10902 1.5273 .8333 2.'1735 .5083 1.5721 .699'1 .699'1
.1166 2.0197 1.0682 .5000 .2'122 1.89'11 1.6519 .7'15'1 '11.185'1

.01350 .1'1223 -.08582 1.3996 .9233 2.1303 .5387 1.2733 .6970 .6970
.0535 1.8976 .9755 .5000 .2276 1.7235 1.'1959 .8926 '12.6066

.00969 .11355 -.06701 1.273'1 1.0120 1.8767 .5730 1.0'130 .6989 .6989
-.008'1 1.7883 .8900 .5000 .20'1'1 1.5155 1.3712 1.0153 '13.9268

.0067'1 .08927 -.05158 1.1't82 1.1012 1.6818 .6098 .8576 .70'1'1 .70'1'1
-.0713 1.6888 .8088 .5000 .1750 1.'1'125 1.2675 1.1162 '15.388B

.00'1'19 .06856 -.03883 1.0227 1.1920 1.5273 .6'187 .7028 .713'1 .713'1
-.1370 1.5962 .7296 .5000 .1'103 1.3189 1.1786 1.196'1 '17.0682

.00282 .05089 -.028~8 .895'1 1.2856 1.'1022 .6898 .5699 .726'1 .726'1
-.2075 1.508'1 .6505 .5000 .1003 1.2007 1.100'1 1.2558 '19.0'122

.00163 .0359'1 -.01960 .7652 1.3832 1.2993 .7331 .'1530 .7'1'10 .7'1'10
-.2851 l.lf237 .5693 .5000 .05lf2 1.08'1'1 1.0303 1.2932 51. '1378

.00083 .02352 -.01260 .6310 1.'1865 1.21'11 .7791 .3'180 .7672 .7672
-.3732 1.3'11'1 .'18'11 .5000 .0009 .9672 .9663 1.3070 5'1.'1551

1.5675
.0629 -3.7160

1.5618
.0655 -2.7152

1.5550
.0628 -2.0186

1.5'165
.0575 -1.'19'13

1.5358
.0506 -1.07'19

1.5217
• Olf29 - . 7Z2'1

1.5016
.03'18 -.'115'1

1. '1875
.0308 -.2780

1.'1685
.0273 -.1557

1.'1'122
.025'1 -.069'5

1.'11'17
.02'13 -. 037'f

1.3987
.0212 -.0287

1.39'10
.0178 -.0235

1.3977
.01'16 -.0191

1.'1087
.0118 -.015'1

1. '1269
.0092 -.0122

1.'1529
.0069 -.009'1

1.'1879
.00'18 -.0071

1.53'13
.0029 -.0052



X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
Zl Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASYMMETRY DELTA .025

29

.300

.350

.'100

. '150

.500

.550

.600

.625

.650

.67'5

.700

.72'5

.7'50

.77'5

.800

.82'5

.8'50

.87'5

.900

.16869 .27207 -.17230 1.3991 .305'1 3.'1809 .5997 2.3050 .8029 .7638
.5581 1.6618 1.123'1 .5373 .0310 2.1619 2.1309 .0283 30.9396

.15125 .27'165 -.17628 1.'1'1'10 .3355 3.6080 .591'1 2.'1133 .8000 .7610
.5322 1.7'189 1.1552 .5372 .0'101 2.2150 2.17'19 .0'105 29.7838

.133'15 .27727 -.17978 1.'1896 .3660 3.7265 .5818 2.5158.7965 .7577
.5057 1.83'55 1.186'5 .5370 .0511 2.2651 2.21'10 .0557 28.5366

.11'531 .27987 -.1828'11.5373 .39803.8360 .'5706 2.6123.7922.7'536
.'1779 1.9236 1.2179 .5368 .06'17 2.3127 2.2'180 .07'16 27.1831

.09690 .28230 -.185'10 1.5883 .'1327 3.9331 .5572 2.7007 .7868 .7'18'1
.'1'176 2.0150 1.2'197 .5366 .0819 2.3576 2.2756 .0990 25.737'1

.07826 .28'111 -.1871'1 1.6'1'10 .'1721 '1.0069 .5'110 2.7728.7797.7'116
.'1131 2.1109 1.2817 .'5362 .10'16 2.3973 2.2927 .1323 2'1.2'576

.059'53 .28386 -.1869'1 1.70'11 .5206 '1.02'12 .5206 2.8029 .7695 .7319
.3709 2.2096 1.3112 .5357 .1363 2.'1231 2.2868 .183123.0'569

.05022 .281'12 -.18'196 1.733'1 .551'1 3.9800 .5083 2.777'1 .762'1 .7252
.3'1'1'1 2.255'5 1.321'1 .5352 .1577 2.'121'1 2.2638 .2225 22.9921

.0'1109 .27'156 -.17960 1.7'551 .591'1 3.8'185 .'19'16 2.6831 .7528 .7161
.3106 2.2883 1.3212 .53'16 .18'19 2.393'5 2.2086 .2830 2'1.3622

.032'10 .25620 -.16577 1.7'158 .6506 3.5257 .'1828 2.'13'1'1 .739'1 .7033
.2623 2.2769 1.2908 .5336 .2182 2.300'1 2.0822 .3903 29.9788

.02'17'5 .21912 -.1388'1 1.66'16 .7370 2.9809 .'1857 1.9962 .72'17 .6893
.1966 2.1785 1.2063 .5322 .2'131 2.1102 1.8671 .5625 37.9'182

.018'5'1 .1783'1 -.110211.5'103 .83072.'1929 .5072 1.5885.7159.6810
.1296 2.0'1'17 1.1027 .5310 .2~'12 1.906'1 1.6621 .7398 '10.97'19

.0136'1 .1'1360 -.0866'1 1.'1116 .9218 2.1'122 .5375 1.2838 .7131 .6783
.0667 1.9221 1.0066 .5300 .2298 1.7326 1.5028 .8902 '12.3713

.00980 .11'157 -.06760 1.2850 1.011'1 1.88'16 .5718 1.0502 .71'17 .6798
.0056 1.813'1 .918'1 .'5291 .2066 1.'5828 1.3762 1.0153 '13.6'113

.00682 .09006 -.05202 1.1597 1.1015 1.687'1 .6087 .8630 .7200 .68'18
-.0'561 1.71'5'5 .83'19 .'5283 .1771 1.'1'185 1.271'1 1.118'1 '15.0'111

.00'1'55 .06919 -.03917 1.03'1'1 1.193'1 1.5315 .6'176 .7071 .7288 .6933
-.1203 1.62'57 .7539 .527'5 .1'123 1.32'10 1.1817 1.2008 '16.6367

.00286 .0'51'10 -.028~'5 .9077 1.2885 1.'105'5 .6886 .5735 .7'116 .705'1
-.1888 1.'5'1l1 .6766 .'5285 .10'11 1.2072 1.1031 1.2626 '18.'18'1'1

.00166 .03636 -.01983 .7788 1.388'1 1.3020 .7319 .'1561 .1587 .7216
-.2637 1.'16'11 .6002 .5309 .061'1 1.09'12 1.0327 1.3033 50.6663

.0008'5 .02387 -.01279 .6'169 1.'1963 1.216'1 .7777 .3510.7809.7'128
-.3'186 1.3931 .5222 .53'18 .013'1 .9821 .9687 1.3218 53.26'10

1.5667
.0627 -3.7323

1.5610
.0653 -2.7287

1.55'12
.0627 -2.0310

1.'5'1'58
.0'57'1 -1.'506'1

1.5353
.0506 -1. 0872

1.5213
.0'129 -.73'18

1.501'1
.03'17 -.'127'1

1. '1875
.0307 -.2889

1.'1f88
.0271 -.16'13

1. '1'126
.0250 -.0731

1.'11'10
.02'10 -.0376

1.3969
.0210 -.0287

1.391'1
.0176 -.0235

1 .39'15
.01'15 -.0192

1.'10'18
.0116 -.015'1

1.'1221
.0090 -.0122

1. '1'169
.0067 -.009'1

1.'1803
.00'16 -.0071

1.5237
.0028 -.0051
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X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
Zl Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASVMMETRV DELTA .050

.300

.350

.'100

.'150

.500

.550

.600

.625

.650

.675

.700

.725

.750

.775

.800

.825

.850

.875

.900

.16806 .2695'1 -.1691'1 1.3960 .303'1 3.'1208 .6058 2.2520 .8212 .7'130
.5728 1.6667 1.1'163 .51'12 .0308 2.15'15 2.1237 .0277 31.0203

.1509'1 .27212 -.17312 1.'1'101 .333'1 3.5'162 .5975 2.3589 .8183 .7'103
.5'166 1.7530 1.1789 .57'10 .0398 2.2076 2.1679 .0397 29.8656

.133'15 .27't77 -.176651.'1863 .36373.6639 .5880 2.'1608.81'18.7372
.5199 1.8389 1.2109 .5731 .0506 2.2580 2.207'1 .05'1'1 28.60'1'1

.11562 .277'15 -.17981 1.53'10 .3955 3.77'1'1 .5769 2.5581 .8105 .7333
.'1918 1.9267 1.2'133 .573'1 .0639 2.306'1 2.2'125 .0728 27.2313

.09750 .2800'1 -.18255 1.5855 . '1299 3.8753 .5636 2.6'193.8051 .728'1
.'1613 2.0183 1.276'1 .5729 .0808 2.3527 2.2719 .0963 25.7399

.07913 .2822'1 -.18'16'1 1.6'122 .'1688 3.9583 .5'175 2.7287 .7980 .7220
.'1268 2.1155 1.310'1 .5722 .1029 2.3952 2.2923 .1280 2'1.1668

.06062 .28291 -.1852'1 1.7051 .51623.9972 .5272 2.7760.7879.7129
.3851 2.2180 1.3'135 .5712 .1336 2.'1273 2.2931 .175'1 22.7307

.05138 .281'19 -.18'109 1.7377 .5'157 3.9750 .51'19 2.7681 .7810 .7066
.3593 2.268'1 1.3571 .570'1 .15'12 2.'1322 2.2779 .2112 22.3723

.0'1225 .27670 -.1803'1 1.7661 .583'1 3.8832 .5008 2.7059.7717 .6982
.3270 2.3106 1.3629 .5693 .1807 2.'1165 2.2358 .26'18 23.0393

.033'15 .262'16 -.1696'1 1.772'1 .6382 3.62'19 . '1866 2.5106.758'1.6861
.2817 2.3192 1.3'1'11 .567'1 .21'18 2.3'159 2.1311 .3597 27.33'11

.0255'1 .22752 -.1'1'127 1. 7063 .72'11 3.0891 .'18'13 2.0838.7'117 .6710
.2156 2.236'1 1.2656 .56'16 .2'161 2.16'11 1.9180 .5306 36.5610

.01910 .18'1'11 -.11'100 1.5803 .8225 2.5559 .5039 1.6'116 .7306 .6611
.1'155 2.0978 1.15'16 .5619 .2516 1.9'163 1.69'17 .721'1 '10.3657

.01'105 .1'178'1 -.08919 1.'1'18'1 .9171 2.1796 .5339 1.3166 .7265 .6573
.0812 1.9708 1.0523 .5597 .2386 1.7629 1.52'13 .8821 '11.6955

.01010 .11770 -.069'12 1.3201 1.0095 1.9091 .5682 1.0727 .7271 .6578
.0197 1.8609 .9598 .5579 .2161 1.6077 1.3916 1.0151 '12.8126

.0070'1 .092'17 -.05339 1.19'13 1.1022 1.70'16 .6052 .8196 .731'1 .6618
-.0'120 1.76'12 .8735 .5562 .1873 1.'170'1 1.2831 1.12'19 '1'1.0305

.00'171 .07110 -.0'102'1 1.0695 1.1972 1.5'1'1'1 .6'1'11 .7202.7392 .6688
-.1059 1.6777 .7906 .55'16 .1533 1.3'1'1'1 1.1911 1.21'10 '15. 381q

.00298 .05296 -.029'10 .9'1'18 1.2966 1.'1156 .6850 .58'15 .7505 .6790
-.17'12 1.600'1 .7131 .55'19 .1167 1.2277 1.1111 1.283'1 '16.88'11

.0017'1 .03766 -.02052 .8195 1.'1032 1.310'1 .7280 .'1659.765'1 .6925
-.2'195 1.5331 .6'118 .5587 .0788 1.1188 1.0'100 1.3338 '18.'1905

.00090 .02'199 -.01338 .69511.52311.2239 .7732 .3605.7835.7089
-.3371 1.'1819 .572'1 .56'15 .0383 1.01'12 .9758 1.367'1 50.0091

1.56'11
.0620 -3.7805

1.5586
.06'19 -2.7691

1.5519
.0625 -2.0618

1. 5'138
.0572 -1.5'12'1

1.5335
.050'1 -1.1236

1.5199
.0'127 -.7720

1.5008
.03'15 -.'16'10

1. '1876
.030'1 -.3231

1.'1699
.0265 -. 192'1

1 . '1'1'15
.0238 -.0870

1.'1127
.0232 -.0386

1. 3917
.0205 -.028'1

1.3838
.0171 -.0235

1.38'19
.01'10 -.0192

1.3932
.0112 -.0155

1.'1081
.0086 -.0122

1. '1295
.0063 -.0095

1. '1579
.00'12 -.0071

1.'192'1
.002'1 -. 005C



X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
II I2 I CUT FMASS ICM1 ICM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASVMMETRV DELTA .075

31

.300

.350

.'100

.'150

.500

.550

.600

.625

.650

.675

.700

.725

.750

.775

.800

.825

.850

.875

.900

.16698 .265'10 -.16'102 1.3909 .3001 3.32'11 .6156 2.1668 .838'1 .7215
.5879 1.6658 1.1662 .610'1 .0303 2.1'120 2.1117 .0267 31.1571

.15038 .26797 -.16799 1.'1353 .3298 3.'1'16'1 .6075 2.2711 .8356 .7190
.5616 1.7509 1.1993 .6101 .0390 2.1952 2.1562 .0383 30.0039

.133'10 .27065 -.17156 1.'1807 .3599 3.5626 .5981 2.3716 .8321 .7160
.53'17 1.8360 1.2321 .6097 .0'195 2.2'159 2.196'1 .052'1 28.7288

.11608 .273'12 -.17'183 1.5285 .3913 3.67'10 .5871 2.'1695 .8279 .712'1
.5066 1.923'1 1.2655 .6092 .062'1 2.2953 2.2329 .0700 27.3236

.098'1'1 .27626 -.17782 1.5805 .'1253 3.7797 .57'11 2.56'15 .8226 .7078
.'1761 2.015'1 1.3002 .6086 .0786 2.3'136 2.2650 .0921 25.7677

.08052 .27898 -.180'11 1.6387 .'1635 3.8751 .5582 2.6535 .8157 .7019
.'1'118 2.11'1'1 1.3367 .6077 .0998 2.3902 2.290'1 .1215 2'1.065'1

.06239 .28091 -.18210 1.7053 .50913.9'136 .5381 2.72'1'1.8060.6936
.~010 2.2222 1.37'16 .6063 .1290 2.'1313 2.3023 .1638 22.3219

.05328 .28086 -.18207 1.7'120 .5370 3.9515 .5259 2.7'105 .7995 .6879
.376'1 2.2787 1.3927 .6053 .1'186 2.'1'152 2.2967 .19'15 21.5910

.0'1'121 .27879 -.180'151.7789 .57113.91'16 .5116 2.722'1.7909.6805
.3'165 2.3330 1.'1069 .6039 .1735 2.'1'165 2.2730 .238'1 21.3719

.03530 .27081 -.17'1'15 1.8068 .6185 3.7633 .'1953 2.61'1'1 .7785 .6699
.3063 2.3707 1.'1066 .6016 .2069 2.'1119 2.2050 .3125 23.3088

.02699 .2'1327 -.15'1'18 1.7779 .6986 3.3069 .'1838 2.2585 .7599 .6538
.2'129 2.3301 1.3509 .5976 .2'176 2.266'1 2.0188 .'1668 32.89'15

.02010 .19602 -.12132 1.6522 .806'1 2.6820 .'1979 1.7'172 .7'1'10 .6'102
.165'1 2.18'13 1.2292 .5928 .26'10 2.0221 1. 7581 .6839 39.'1055

.01'175 .15556 -.093871.5127 .90822.2'197 .5275 1.3778.7372 .63'13
.0970 2.0'159 1. 1152 .5892 .25'1'1 1. 8179 1. 5635 .8660 '10.6686

.01061 .1232'1 -.07267 1.3803 1.0056 1.9533 .5620 1.1130 .7360 .6333
.033'1 1.9311 1.0159 .5862 .233'1 1.6522 1.'1187 1.013'1 '11.5095

.007'11 .09667 -.05579 1.2531 1.1028 1.7352 .5990 .9089 .7387 .6356
-.0295 1.8339 .9257 .583'1 .2059 1.509'1 1.3035 1.1353 '12.'1283

.00'197 .07'1'11 -.0'1208 1.12'111.20291.5670 .6380 .7'132.7'1'16.6'107
-.09'15 1. 7506 .8'107 .5808 .1736 1.3809 1.2073 1.2361 '13.'1191

.00316 .05565 -.03088 1.0073 1.3089 1.'133'1 .6787 .6037 .7533 .6'182
-.16'13 1.6803 .7588 .5779 .1375 1.2618 1.12'13 1.3186 '1'1.'1081

.00185 .03990 -.0217'1 .8882 1.'1258 1.3252 .7212 .'1832 .76'13 .6576
-.2'127 1.6258 .6915 .5813 .10'19 1.1568 1.0519 1.3860 '15.2525

.00096 .02693 -.01'1'13 .776'1 1.56'16 1.2370 .7655 .3772 .7756 .667'1
-.3376 1.5973 .6298 .5860 .0733 1.0606 .9872 1.'1'165 '15.6210

1.5599
.0608 -3.8622

1.55'16
.06'12 -2.836'1

1.5'182
.0620 -2.1289

1.5'103
.0569 -1.6018

1.5305
.0501 -1. 1837

1.5176
.0'12'1 -.83'10

1 . '1996
.03'11 -.5259

1. '187"
.0300 -.3839

1."71"
.0259 -.2'175

1 . '1'18'1
.0223 -.1226

1."137
.0213 -.0'133

1.38'12
.0198 -.0277

1.3716
.016'1 -.0233

1.3693
.0133 -.0193

1.37'13
.0105 -.0156

1. 3853
.0079 -.012'1

1.'1015
.0057 -.0095

1.'1219
.0037 -.0070

1. '1'129
.0019 -.00'18
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, I

X BARRIER SURFACE COULO~ RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASVI'II'lETRV DELTA .100

.300 ' . 165lflf .25972 -.15713 1.3839 .2955 3.1959 .6290 2.0535 . 85lf 7 .6993 1.55.1fO
.6035 1.659lf 1.1828 .6lf55 .029lf 2. 12lf6 2.0953 .025lf 31. 35lfl .0590 -3.9805

.350 .llf953 .26226 -.16105 l.lf278 . 32lf8 3.3133 .6210 2.1538 .8519 .6970 1.5.1f90
.5771 1.7lf29 1.216lf .6lf52 .0377 2.1776 2.1398 .036.1f 30.201.1f .0632 -2.9310

.lfOO . 1332lf . 26lf96 -.16lf65 l.lf728 . 35lf5 3.lf268 .6119 2.2519 .8.1f86 . 69.1f3 1.5.1f29
.5503 1.8268 1.2lf98 .6lflf8 .Olf78 2.2287 2.1809 .Olf98 28.9133 .061lf -2.2136

.lf50 .11660 . 2678lf -.1680lf 1.5206 .3855 3.5381 .6011 2.3lf96 .8lflf5 .6910 1.5355
.5223 1.9136 1.28lf2 .6lflf2 .0601 2.2791 2.2190 .0663 27.lf 7lf9 .0565 -1.6835

.500 .0996lf .27093 -.17129 1.5730 .lf189 3.6lf80 .5883 2.lflf78 . 839lf .6868 1.5262
.lf920 2.0058 1. 320lf .6lf3lf .0755 2.3296 2.25lfl .0867 25.8lf98 .Olf98 -1.266.1f

.550 .08235 . 27lf20 -. 17lflf 1 1.6325 .lf561 3.7558 .5728 2.5lf6lf .8328 .681lf 1.51.1f2
.lf582 2.1065 1.3595 .6lf23 .0956 2.3808 2.2853 .1132 2lf.0115 .Olf21 -.9200

.600 .06lf76 . 277lf3 -.17722 1.7027 .lf998 3.85lf5 .5532 2.6lfl0 .8237 . 67lfO l.lf977
.lf185 2.2196 1.lf026 .6lf08 .1229 2.lf317 2.3088 .llf99 21.9620 .0339 -.6166

.625 .05587 .27873 -.17829 1. 7lf32 .5257 3.8928 .5lf13 2.6812 .8177 .6690 l.lf867
.3952 2.2817 l.lf25lf .6397 .llf09 2.lf551 2.31lf2 .1750 20.9012 .0296 -.lf7lf.lf

.650 .Olf695 .27925 -.17869 1.7877 .5562 3.9107 .5273 2.7067 .8100 .6627 I.lf727
.3680 2.3lf72 l.lflf81 .6382 .1636 2.lf735 2.3099 .2086 19.9591 .025lf -.335.1f

.675 .03803 . 2773lf -.17726 1.83lflf .5951 3.8751 .5105 2.6917 . 799lf .65lfl 1.lf5 35
.3339 2.lf116 l.lf66lf .6360 .1937 2.lf765 2.2828 .2599 19.6737 .0213 -.1983.700 .02933 .26535 -.16859 1.86lflf .6566 3.6518 .lf907 2.5288 . 782lf .6lf02 l.lf226
. 282lf 2.lflf61 I.lf587 .6320 .2376 2.lf 179 2.1803 . 363lf 23.8373 .0182 -.0729.725 .0216lf . 217lf8 -.13506 1.7691 .77lf8 2.9362 .lf889 1. 9578 .7578 .6200 1.3778
. 19lf1 2.3212 1.3lf06 . 62lf3 .2796 2. 159lf 1.8798 .6077 37.9665 .0187 -.0257.750 .01577 . 1682lf -.10165 1.6110 .8926 2.3706 .5173 1.lf826 .7lf56 .6101 1.3557
.11Lf9 2. 153Lf 1.2013 .6183 .2778 1.9062 1 .628" .8353 39.5377 .0156 -.0225. 775 . 01132 .13179 -.07772 1.lf692 .9986 2.0238 .552lf 1.1771 .7lf16 .6068 1.3.1f8lf
.Olf68 2.0260 1.0896 .6138 .2592 1. 7197 1.lf605 1.0081 39.88lfO .012lf -.0192.800 .00791 .10295 -.059lfO 1.3383 1.1025 1.7821 .5899 .9537 . 7lf 19 .6070 1.3lf89

-.0188 1. 92lf8 .9929 .6098 .2335 1.5670 1.3336 1.llf87 lfO.37lflf .0096 -.0157.825 .00531 .07927 -.OLflf82 1.21Lf3 1.2095 1.6010 .6290 .1775 .7lf51 .6096 1. 35lf7
-.0861 1.8lfU .90lf8 .6058 .2035 1 .If 3lf 1 1.2306 1.2670 '10.9176 .0072 -.0125

.850 .00338 .0595lf -.0330lf 1. 0959 1.32lfO l.lf596 .6696 .6319 . 750lf .6139 1. 36lf3-.1588 1.7783 .8223 .6017 .1707 1. 31lf2 1.1lf3lf 1.3688 lf1.3716 .0050 -.0095.875 .00197 .O.lf309 -.023'19 . 98lfl 1..lf531 1.3lf6lf .7117 .5078 . 756lf .6188 1. 3752-.2'117 1.73Lf8 . 7lf65 .5979 .1380 1. 2057 1. 0677 l.lf605 lfl.6058 .0031 -.0069.900 .00100 .029.1f6 -.01581 .8832 1.6120 1.25lf2 .7557 .3988 . 760lf .6221 1.3825-. 3lf.lf 7 1.7223 .6888 .5998 .1136 1. I1lf5 1.0009 1.5560 If 1 .908lf .0016 -.00""



X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
11 12 I CUT FMASS ICMl ICM2 COMPACT OPENING ANGLE STIFFI STIFFZ

ASVI'V'IETRV DELTA .125

33

.300

.350

.lfOO

.lf50

.500

.550

.600

.625

.650

.675

.700

.725

.750

.775

.800

.825

.850

.875

.900

. 163lfO .25262 -.llf870 1.3750 .2897 3.0lf19 .6lf55 1.9171 .8699 .6766
.6196 1.6lf75 1.1961 .679lf .0281 2.102lf 2.07lf3 .023831.5958

.llf833 .25512 -.15255 l.lf182 .3186 3.1532 .6377 2.012lf .8673 . 67lf5
.5933 1.7292 1.2299 .6791 .0361 2.1550 2.1189 .03lfl 30.lf550

.13289 .25781 -.1561lf l.lf626 .3lf773.2622 .6288 2.1067 . 86lfl .6721
.5666 1.8115 1.2639 .6786 .Olf56 2.2063 2.1607 .Olf67 29.16lf6

.11711 .26076 -.15962 1.5101 .3781 3.3716 .618lf 2.2026 .8602 .6691
.5388 1.8971 1.2990 .6779 .0572 2.2575 2.2003 .0619 27.6996

.10097 . 26lf05 -.16308 1.5626 .lfl08 3.lf837 .6060 2.3022 . 855lf .6653
.5089 1.9890 1.3366 .6771 .0717 2.3101 2.2385 .0805 26.0156

.08lflf8 .26780 -.16665 1.6229 .lflf69 3.6007 .5909 2.lf078 .8lf92 .6605
.lf756 2.0907 1.3781 .6759 .0903 2.3655 2.2752 .10lfO 2lf.060lf

.06763 .27212 -.170lfl 1.6956 .lf886 3.7236 .5721 2.5212 .8lf08 . 65lfO
.lf373 2.2075 I.lf257 .67lf3 .1155 2.lf252 2.3098 .13lf9 21.7721

.05906 . 27lflf9 -.1723lf 1.7388 .5126 3.7862 .5607 2.580lf . 835lf .6lf98
.lf153 2.2738 I.lf526 .6732 .1317 2.lf568 2.3250 .15lf9 20.lf83lf

.050lfO .27690 -.17lf23 1.7882 .53983.8lf62 .5lf7lf 2.6390.8287 .6lflf5
.3905 2.3lf69 l.lf818 .6719 .1518 2.lf889 2.3371 .1798 19.1061

.Olf165 .27901 -.17582 1.8lf53 .5719 3.89lf9 .5317 2.6906 .8200 .6378
.361lf 2.lf275 1.5132 .6700 .1775 2.5192 2.3lf17 .2133 17. 699lf

.0328lf .27929 -.1760lf 1.9109 .6136 3.8990 .5119 2.7097 .8077 .6282
.32lflf 2.513lf 1.5lf3lf .6672 .2131 2.5375 2.32lflf .2659 16.6990

.02lf18 . 26lf07 -.165lflf 1. 956lf .69363.6107 .lf856 2.5002.7837.6095
.2579 2.5568 1.5332 .6606 .27lf2 2.lf581 2.1839 .lf070 2lf.6001

.01721 .19035 -.115lf2 1.761lf .8630 2.5990 .50llf 1.6781.7530 .5857
.1392 2.3137 1.3263 .6lf77 .3095 2.0535 1.7lflfO .7707 39.2lf71

.01225 .1"flf63 -.085lfl 1.5937 .98622.13lf8 .5386 1.2770 .7lflf2 .5788
.0610 2.1513 1.1860 .6"107 .29"12 1.8175 1.5232 .9936 38.28lf6

.00852 .11179 -.06lf5lf I.lf533 1.1000 1.8503 .577lf 1.018lf .7lf13 .5765
-.0092 2.0378 1.0773 .6351 .270lf 1.6lf59 1.3755 1.1635 38.1128

.00571 .08586 -.0"1857 1.3267 1.2156 1.6"182 .6171 .82"18. 7lf12 .5765
-.0800 1.952lf . 983lf .6297 .2lf27 1.50"llf 1.2617 1.3065 38.1695

.00361 .06"165 -.03590 1.2100 1.3399 I.lf9lf6 .6580 .6692.7"126 .5776
-.1562 1.8899 .8985 .62"10 .2133 1.3812 1.1679 1."1337 38.22lf9

.00208 .Olf702 -.02568 1.102lf 1."1819 1.3730 .700lf .5381 .7lf37 .5785
-.2"136 1.8511 .8199 .6173 .1835 1.2707 1.0873 1.5555 38.lf2lflf

.00102 .03188 -.01715 .9951 1.6578 1.2708 .7lf68 ."1192. 7lf"l3 .5789
-.3521 1.8350 .7lf15 .6092 .1512 1.16lf7 1.0135 1.6808 lfO.9106

1.5lf66
.0566 -If. 13lflf

I . 5lf 18
.0619 -3.0531

1.5362
.0606 -2.3215

1.5293
.0560 -1.7865

1.5207
.Olf95 -1.3701

1.5097
.Olf19 -1.0285

l.lf9lf8
.0337 -.7330

l.lf852
.0295 -.5953

1."1732
.0253 -.lf603

l.lf578
.0212 -.32lf6

l.lf359
.0172 -.1826

1.3932
.01lf3 -.0375

1.3386
.01"19 -.0195

1.3230
.0115 -.0187

1.3178
.0087 -.0157

1.3178
.006"1 -.0126

1.3201
. OOlflf -. 0095

1.3222
.0027 -.0067

1.3232
.001lf -.0038
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X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE R1 R2 SCALE
Zl Z2 Z CUT FMASS ZCM1 ZCM2 COMPACT OPENING ANGLE STIFF1 STIFF2

ASVI'1I'1ETRV DELTA .150

.300

.350

.'100

.'150

.500

.550

.600

.625

.650

.675

.700

.725

.7'50

.77'5

.800

.82'5

.8'50

.87'5

.900

.16082 .2'1'125 -.1390'1 1.36'13 .2827 2.8695 .66'1'1 1.76'10 .88'11 .6'53'5
.6360 1.6309 1.2062 .7117 .0267 2.0758 2.0'192 .0219 31.8912

.1'1673 .2'1667 -.1'1278 1.'1066 .3110 2.9731 .6570 1.8528 .8816 .6'516
.6100 1.7102 1.2'101 .7113 .03'11 2.1278 2.0937 .0316 30.771'1

.13227 .2'1932 -.1'1632 1.'1502 .3396 3.0760 .6'18'1 1.9'121 .8786 .6'19'1
.5836 1.790'1 1.27'12 .7109 .0'130 2.1788 2.1358 .0'132 29.'1933

.117'16 .25229 -.1'1981 1.'1970 .3693 3.1812 .638'1 2.03'12 .8750 .6'167
.5561 1.87'13 1.3098 .7102 .0538 2.230'5 2.1767 .0571 28.0131

.10230 .25571 -.153'10 1.'5'190 .'1010 3.2922 .6265 2.1325 .8705 .6'13'1
.5267 1.96'19 1.3'18'1 .709'1 .0671 2.28'16 2.217'1 .0738 26.2891

.08677 .25978 -.15728 1.6093 .'1359 3.'1132 .6121 2.2'109 .86'f8 .6392
.'19'13 2.0662 1.3917 .7082 .08'13 2.3'132 2.2589 .09'13 2'1.2535

.07083 .26'183 -.16166 1.6830 .'17~6 3.5506 .59'12 2.3651 .8'572 .6336
.'1573 2.18'1'1 1.'1'126 .7067 .1071 2.'1095 2.302'1 .1201 21.813'1

.06269 .26788 -.16'115 1.7273 .'1979 3.6280 .5835 2.'1356 .8523 .6300
.'1365 2.2527 1.'1723 .7057 .1216 2.'1'169 2.3253 .1359 20.3978

.0'5'1'11 .271'10 -.166921.7787 .52253.7131 .5712 2.5135.8'166.6257
.'1136 2.3293 1.50'58 .70'1'1 .1391 2.'1881 2.3'190 .15'12 18.8273

.0'1'599 .27551 -.17001 1.839'1 .5501 3.8070 .'5569 2.6001 .8395 .6205
.3880 2.'1165 1.5'1'11 .7029 .1607 2.53'10 2.3733 .1763 17.0679

.037'10 .28027 -.173'17 1.9131 .'5817 3.9092 .5399 2.695'1 .830'1 .6138
.3587 2.5175 1.5887 .7010 .1882 2.58'50 2.3967 .20'13 15.0730

.0286'1 .28'5'13 -.177102.00'19 .6202 '1.0102 .5189 2.7931.8181.60'17
.323'1 2.6356 1.6'103 .6983 .22'5'1 2.6389 2.'113'5 .2'1'10 12.7603

.01973 .28'596 -.177'19 2.1219 .6839 3.9931 .'1875 2.80'1'1 .7955 .5880
.2676 2.7660 1.6881 .6925 .2903 2.6596 2.3693 .3368 10.9989

.013'16 .16519 -.09789 1.771'5 .9626 2.3251 .5183 1.'1'155 .7'1'1'1 .5502
.0790 2.3239 1.3187 .667'5 .3'109 1.9652 1.62'12 .9552 37.9099

.00927 .12'110 -.07177 1.60'11 1.0931 1.9'191 .5607 1.1108.1372 .5'1'19
.0002 2.1763 1.1826 .6'595 .317'1 1.7507 1.'1333 1.17'58 36.07'18

.00616 .09'1'11 -.053'19 1.'1678 1.2198 1.7111 .6023 .8871 .1331 .5'123
-.0750 2.0783 1.0769 .652~ .2909 1.5923 1.3013 1.3530 3'5.5'536

.0038'5 .07088 -.039'13 1.3'175 1.35'19 1.5382 .6'1'1'1 .7150 .7313 .5'105
-.1'5'19 2.0102 .985'1 .6'150 .2633 1.'1605 1.1972 1.5122 35.'1613

.00217 .0'5132 -.02808 1.23'13 1.509'1 1.'1023 .6886 .5709.7291 .5389
-.2'1'59 1.9651 .8999 .6366 .2338 1.3'123 1.1085 1.666336.'1986

.00102 .03371 -.01816 1.0927 1.6969 1.2833 .7'102 .'13'1'1 .132'1 .5'113
-.3'56'1 1.9230 .8003 .626'1 .189'5 1.2137 1.02'12 1.8021 31.3'1'11

1.'5316
.053'1 -'1.3320

1. '5332
.0601 -3.20'5'1

1.5280
.0596 -2.'1532

1.'5217
.05'5'1 -1 .9095

1.'5139
.0'192 -1 . '1926

1.5039
.0'117 -1. 1565

1.'1907
.0337 -.872'1

1. '1823
.0296 -.1'130

1. '1723
.02'5'5 -.6183

1. '1599
.0216 -.'19'52

1.'1'1'12
.0178 -.3691

1.'1229
.01'13 -.231'1

1.3836
.010'1 -.0'520

1.29'16
.0110 -.0163

1.2822
.0080 -.01'53

1.2760
.00'57 -.012'5

1.2719
.0039 -.009'1

1.2680
.002'1 -.0062

1.2737
.0011 -.0038



X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASV~TRV DELTA .175

.300 .15768 . 23£t 77 -.128£t9 1.3522 . 27£t8 2.6862 . 685£t 1.6006 .8973 .6300 1.5272
.6526 1.6101 1.2133 .7£t23 .0250 2.0£t53 2.020£t .0199 32.3856 .0738 -£t.5825.350 .1£t£t65 .23709 -.13205 1.3932 .3023 2.7807 .678£t 1.6819 . 89£t9 .6283 1.5232.6271 1.6865 1.2£t68 . 7£t 19 .0319 2.0963 2.06£t£t .0288 31.2726 .0719 -3.3928. £tOO .13128 .23966 -.135£t8 1.£t357 .3301 2.8757 .6702 1.76£t£t .8921 . 626£t 1.5185.6012 1.76£t0 1.2808 .Hl£t .0£tOl 2.1£t66 2.1066 .039£t 29.9982 .0671 -2.6090. £t50 .11756 .2£t258 -.13891 1.£t813 .3589 2. 97£t£t .6607 1.8510 .8888 . 62£t0 1.5128
.5H3 1.8£t5£t 1.3165 .7£t08 .0£t99 2.1982 2.1£t82 .0520 28.5193 .0605 -2.051£t.500 .103£t9 .2£t601 -.1£t252 1.5322 .3897 3.0807 .6£t9£t 1 . ~£t50 . 98£t7 .6211 1.5058
.5£155 1.9337 1.3555 . HOO .0622 2.2528 2.1906 .0669 26.7795 .0528 -1.6309.550 .0890£1 .25021 -.1£t652 1.5916 .£1233 3.2000 .6358 2.051£1 .879£1 .6175 1. £1969
.5139 2.0331 1.3997 .7389 .0777 2.3132 2.2355 .08£17 2£1.7082 .0£1£13 -1. 3001.600 .07£116 .25561 -.15120 1.66£15 . £1611 3.3£1 11 .6190 2.1777 .8726 .6127 1.£1853
.£1783 2.1501 1. £1525 .7375 .0981 2.3835 2.285£1 .1062 22.2003 .0356 -1. 0287.625 .06653 .25898 -.15396 1. 708£1 .£1820 3.£t2£tl .6090 2.2521 .868£1 .6097 1.£1781
.£1585 2.2182 1. £1836 .7366 .1110 2.£12£13 2.3133 .1187 20. H02 .0312 -.909£1.650 .05876 .26299 -.15710 1.7595 .50£16 3.5190 .5977 2.3370 .863£1 .6062 1. £1696
. £1371 2.29£19 1.5192 .7356 .1261 2.£170£1 2.3£1£1 3 .132£1 19.1175 .0270 -.7985.675 .05081 .2678£1 -.16076 1.8198 .5292 3.6297 .58£18 2. £1359 .8575 .6021 1. £1596
.lf138 2.3827 1.5605 . 73lf£l .1£1£13 2.5236 2.3792 .llf77 17.3075 .0230 -.69'1£1.700 .Olf267 .27383 -.16512 1.8923 .5558 3.7618 .5701 2.553£1 .850£1 .5971 1. £1£1 75
.388£1 2.£18'16 1.6092 .7329 . 1661f 2.5861 2.£1197 . 16'15 15.2778 .0193 -.5953

.725 .03£129 .28133 -.17038 1.9809 .58£17 3.9228 .5533 2.6956 .8'119 .5911 1.1f330
.3609 2.60'l1f 1.6677 .7313 .1933 2.6609 2.£1676 .1828 12.9926 .0160 -.lf993.750 .02561 .29080 -.17679 2.0900 .6153 If. 1226 .53£1£1 2.8705 .8318 . 58lfO l.lf158
.3316 2.7£160 1.738£1 .729£1 .2260 2.7516 2.5256 .2021 10.3855 .013lf -.lfOlf5

.775 .01658 .30270 -.18£159 2.2235 .6lf66 If. 3727 .5138 3.0871 .8201 .5758 1.3958
.3016 2.9120 1.8231f .727'1 .26£18 2.8618 2.5969 .2209 7.2977 .0116 -.3107.800 .00713 .31722 -.19381 2.3810 .6759 If.6851 .lf931 3.3536 .8076 .5670 1.37'17
.2733 3.1008 1.9229 .7256 .3079 2.9938 2.6859 .2355 3.2806 .0110 -.2222

.825 -.00281 .33378 -.20lfOO 2.5500 . 6981f 5.0672 .£t75£1 3.6735 .7968 .5595 1. 3563
.2511 3.3005 2.0319 . 72£t5 .3£t80 3.1£159 2.7979 .2381 -1.8708 .012'1 - .1639

.850 -.01327 .350'15 -.21395 2.7071 .7105 5.5065 .£t6£13 1f.0337 .790'1 .55lf9 1.3£t53
.2382 3.£1906 2.1396 . 72£t9 .3756 3.308't 2.9328 .2231 -3.8£t30 .0138 -.1897

.875 -.02lf19 .36555 -.22270 2.8£t59 .716£t 5.9695 .£1583 £t.£t090 .7872 .5527 1.3lfOO
.2312 3.66lf6 2.2£10lf .7260 .3926 3.£1696 3.0770 .1990 -1.£t987 .0128 -.338£t

.900 -.03552 .37907 -.23032 2.9759 .7210 6.lf£t03 .£t5£12 £t.7889 .7851 .5512 1. 3363
.2257 3.8295 2.3363 . 727£t .£t056 3.626lf 3.2208 .1750 .70£t8 .0112 -.6379

35
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X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE R1 R2 SCALE
Zl Z2 Z CUT FMASS ZCM1 ZCM2 COMPACT OPENING ANGLE STIFF1 STIFF2

ASV~TRV DELTA .200

.350 .1'1206 .2265'1 -.12069 1.3782 .2925 2.5832 .7012 1.5056 .9072 .60'18 1.5120
.6'1'16 1.6586 1.2503 .7705 .0295 2.0607 2.0313 .0259 31.7072 .0711 -3.6177

.'100 .12983 .22899 -.12395 1. 'I 192 .319., 2.6690 .6935 1.580'1 .90.,6 .6031 1.5077
.6193 1.7329 1.2838 .7701 .0369 2.1100 2.0731 .0355 30.'f716 .0668 -2.7917

.'150 .11727 .23180 -.12725 1. '1632 .3'173 2.7592 .68'16 1.6597 .9016 .6011 1.5027
.5931 1.8110 1. 3192 .7695 .0'159 2.1607 2.11'19 .0'168 29.02'11 .0607 -2.2133

.500 .10'137 .2351., -.13077 1 .512., .3769 2.8576 .67'f0 1.7'168 .8979 .5986 1 . '196'1
.5652 1.8959 1.3579 .7688 .0569 2.2150 2.1581 .0600 27.3088 .0532 -1.7857

.550 .09110 .23928 -.13'171 1.5698 .'1091 2.9700 .6613 1.8'169 .8932 .5955 1. '1886
.53'16 1.9919 1.'1021 .7678 .0708 2.2757 2.20'19 .0755 25.2.,50 .0'150 -1. '1559

.600 .077'10 .2'1'169 -.139'10 1. 6'103 . '1'150 3.1055 .6'157 1. 9678 .8872 .591'1 1. 'f786
.500'1 2.1051 1. '1552 .7666 .0888 2.3'172 2.2583 .0935 22.7.,05 .036'1 -1. 1958

.625 .07037 .2'1809 -.1'1218 1.6827 .'16'f7 3.1865 .6365 2.0'100 .883'1 .5890 1.'172'1
.'1816 2.1710 1.'1866 .7658 .1001 2.3891 2.2890 .1035 21 .28'1'1 .0321 -1.0867

.650 .06318 .25216 -.1'1537 1.7317 .'1858 3.2802 .6262 2.1232 .8791 .5861 1.'1652
.'1613 2.2.,53 1.5225 .76'19 .1132 2.'1368 2.3237 .11'11 19.6768 .0279 -.9900

.675 .05582 .25708 -.1'1908 1.7893 .5083 3.3907 .61'16 2.2209 .87'11 .5828 1. '1569
.'1396 2.3301 1.56'11 .76'10 .1286 2.'1922 2.3635 .1253 17. 9081 .02'10 -.9056

.700 .0'1826 .26313 -.153'18 1.8577 .5323 3.523'1 .6015 2.3375 .8683 .5189 1. '1'172
.'1163 2.'1279 1.6131 .7629 .1'169 2.557" 2.'1105 .1366 15.97'15 .020., -.83'12

.725 .0'10'16 .27059 -.15871 1.9395 .551., 3.6855 .5871 2.'1187 .8616 .57'1'1 1. '1360
.3918 2.5.,1'1 1.6711 .7611 .168., 2.6352 2.'1668 .1'175 13.9027 .0172 -.7783

.750 .03237 .2197'1 -.16'191 2.0310 .5830 3.88'18 .5716 2.6506 .85'11 .569<; 1. '123'1
.3667 2.6126 1.7397 .1605 .1931 2.7282 2.5352 .1561 11. 7623 .01'17 -.7'f33

.775 .02395 .29068 -.17208 2.1505 .6077 '1.1282 .5556 2.8581 .8'160 .56'10 1.'1100
.3'121 2.8212 1. 8193 .7595 .2203 2.8381 2.6178 .1629 9.6123 .0128 -.73~8

.800 .01515 .3031., -.18000 2.2775 .6302 .,. '1175 .5.,02 3.1018 .8380 .5586 1.3966
.3196 2.9839 1.9085 .7587 .2.,86 2.9639 2.715'1 .16.,3 7. 8320 .0116 -.7728

.825 .00595 .31650 -.18822 2.'1126 .6.,9., '1.7'181 .5265 3.3773 .8306 .5537 1.38'13
.3001 3.15'1" 2.0038 .158'1 .2758 3.1019 2.8261 .1605 6.'1123 .0108 -.877'1

.850 -.00361 .33003 -.19630 2.5505 .6~52 5.1110 .51'19 3.6169 .82'11 .5'19'1 1.3135
.2838 3.3270 2.1018 .1585 .3008 3.2.,12 2.9'16" .1523 5.'1780 .0102 -1. 0193

.815 -.01368 .3'1325 -.20396 2.688" .6185 5.'1983 .5051 3.99'16 .8185 .5'151 1.3f'l2
.2700 3.'1988 2.200'1 .7588 .323., 3.3962 3.0728 .1'113 '1.9377 .0095 -1.'1166

.900 -.02'106 .35600 -.2111" 2.8262 .6901 5.9062 .'1966 '1.3277 .8135 .5'123 1.3558
.2581 3.6695 2.2990 .759'1 .3'1'1'1 3.5'112 3.2028 .1292 '1.6323 .0088 -1. 9318

ASV~TRV DELTA .225

.350 .13891 .21523 -.10903 1.3617 .2816 2.387'1 .7250 1.3300 .918'1 .5810
.6625 1.6272 1.2507 .7972 .0269 2.0211 1.99'18 .0229 32.1826

.'100 .12786 .21751 -.11207 1.'1010 .3016 2.'1633 .7179 1.396'1 .9161 .5796
.6379 1.6978 1.2835 .7968 .0336 2.0695 2.0358 .0316 31.0015

.'150 .11650 .22015 -.11517 1.'1'130 .33'1'1 2.5'135 .7096 1.'1671 .913'1 .5179
.6125 1.1719 1.3181 .7963 .0'116 2.1188 2.0171 .0'116 29.6159

1. '1995
.0100 -3.8898

1. '1951
.0665 -3.0061

1.'1913
.0609 -2.3961
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X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STJFF2

.500 .10Af82 .22331 -.118Af9 I.Af899 .3628 2.6316 .6998 1.5Af55 .9101 .5758 1. Af858
.5856 1.8526 1. 3559 .7956 .051Af 2.1717 2.1203 .0533 27.9550 .0538 -1. 95Af2.550 .09278 . 2272Af -.12223 1.5AfAf5 .3935 2.7331 .6881 1.6360 .9059 .5731 I.Af791
.5562 1. 9Af37 1.3992 . 79Af8 .0637 2.2312 2.1675 .0667 25.9Af58 .OAf59 -1.6210.600 .0803Af .23239 -.12670 1.6111 . Af276 2.856Af .6738 1.7Af61 .9007 .5698 1. Af705
.5235 2.0509 I.Af511 .7937 .0795 2.3015 2.2220 .0819 23.5028 .037Af -1. 3676.625 .07395 .23562 -.1293Af 1.6511 . AfAf62 2.930Af . 665Af 1.8120 . 897Af .5678 1. Af652
.5056 2.1132 I.Af817 .7930 .0892 2.3Af28 2.2536 .0901 22.0852 .0332 -1.2662.650 .067AfO . 239Af8 -.13236 1.6970 .Af659 3.0160 .6560 1.8880 .8937 . 565Af I.Af592
. Af86Af 2.1833 1.5167 .7923 .1005 2.3897 2.2892 .0987 20.527Af .0291 -1.1809

.675 .06070 .2AfAfl1 -.13586 1.7505 .Af869 3.1167 .6Af55 1.9769 .8895 .5627 1. Af522
. Af659 2.2629 1.5570 .7915 .1136 2. AfAfAfO 2.330Af .1073 18.827Af .0251 -1.1126

.700 .05381 .2Af97Af -.13995 1.8135 .5092 3.2371 .6338 2.0826 . 88Af6 .5596 I.AfAfAf2
. AfAfAfO 2. 35Af2 1.60Af2 .7907 .1290 2.5076 2.3786 .1157 16.9917 .0215 -1.0639

.725 .OAf669 .25660 -.IAfAf76 1. 8881 .532Af 3.3828 .6210 2.209Af .8790 .5561 I.Af350
.Af210 2. Af59Af 1.6595 .7898 .IAf69 2.5829 2.Af360 .1233 15.0599 .0183 -1.0396

.750 .03932 . 26Af85 -.15035 1.9758 .5560 3.5595 .6071 2.3619 .8727 .5521 I.Af2Af9
. 397Af 2.5800 1.72Af3 .7889 .1672 2.6718 2.50Af6 .1293 13.1079 .0157 -1.0Af85

.775 .03165 . 27Af55 -.15671 2.0771 .5792 3.7717 .5928 2.5Af31 .8660 .5Af79 I.Af139
. 37AfO 2.7160 1.7988 .7882 .1897 2.7755 2.5858 .1327 11.2Af83 .0136 -1.1018

.800 .0236Af .28550 -.16366 2.1908 .6011 Af.0208 .5187 2.7537 .8591 .5Af35 1. Af027
.3518 2.8652 1.8822 .7876 .2135 2.893Af 2.6799 .1328 9.5975 .0121 -1.2156

.825 .01527 .29730 -.17092 2.3138 .6210 Af.30Af2 .5653 2.9911 . 852Af .5393 1. 3917
. 331 Af 3.02AfO 1.9723 .7873 .2376 3.0229 2.7853 .1295 8.2576 .0109 -1. Af201

.850 .0065Af .30950 -.17821 2.AfAf31 .6386 Af.6172 .5531 3.2513 .8Af60 .5352 1. 3812
.3132 3.1885 2.0669 .7873 .2612 3.1609 2.8997 . 123Af 7.2368 .0099 -1.7Af68

.875 -.0025Af .32178 -.18533 2.5167 . 65Af5 Af.9560 .5Af20 3.5312 .8AfOO .531Af 1.371Af
.2968 3.3567 2. 16AfAf .7875 . 28Af2 3.3051 3.0209 .1155 6.Af81Af .0091 -2.2397

.900 -.01198 . 33AfOO -.19221 2.71Af3 .6689 5.3188 .5317 3.8297 . 83Af2 .5278 1.3619
.2819 3.5277 2.26Af3 .7879 .3067 3. Af5AfO 3.1Af73 .1066 5.9105 .0082 -2.9583

.600

.Af50

.500

.550

.625

.650

I.Af826
.0660 -3.2598

1. Af787
.0610 -2.6062

I.Af7Afl
.05Af5 -2. 1393

1. Af683
.OAf69 -1. 79Af9

I.Af610
.0387 -1. 5Af07

1.Af566
.03Af6 -1. AfAf27

1.Af515
.0305 -1.3638

ASV~TRV DELTA .250

. AfOO .12531 .205AfAf -.10015 1. 381Af . 29Af9 2. 26Af7 .7Af26 1. 2177 .9266 .5560
.6569 1.6595 1.2800 .821Af .0303 2.0256 1.9953 .0276 31.59Af2

.11516 .20786 -.10300 I.Af212 .3205 2. 33Af2 .7350 1. 279Af . 92Af2 . 55Af5
.6325 1.7292 1.3135 .8209 .037Af 2.0730 2.0356 .0366 30.2808

. 1OAf 71 .21076 -.10605 1. Af653 .3Af752.Afl09 .7261 1.3Af78 .9213 .5528
.6067 1.80Af7 1.3Af99 . 820Af .OAf60 2.1238 2.0778 .OAf68 28.7052

.09393 .21Af37 -.109Af9 1.5163 .3766 2.Af992 .7155 I.Af269 .9177 .5506
.5787 1.8898 1.3915 .8197 .0567 2.1808 2. 12Afl .0585 26.7906

.08279 .21907 -.11357 1.5781 . Af088 2.6063 .7026 1.5230.9131 .5Af79
.5Af76 1.9895 I.AfAfl0 .8188 .0703 2.2Af80 2.1777 .071Af 2Af.Af518

.07705 .Z2Z0Z -.11597 1.61Af9 .Af263 Z.670Af .6950 1. 580Af .910Af .5Af62
.5306 2. OAf 71 I.Af701 .8182 .0786 Z.2872 2.2086 .078Af 23.10Af5

.07118 .22550 -.118701.6569 . AfAfAf8 2.7AfAf3 .6865 1.6Af62 .9072 .5AfAf3
.512Af 2.1116 1.5031 .8177 .0882 2.3317 2.2Af35 .0855 21.6190
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X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

.675 .06517 .22966 -. 1218lf 1.7056 .lf6lf5 2.8307 .6771 1.7229 .9036 .5lf21 1.lflf5 7
.lf930 2. 18lf6 1.5lfll .8170 .0993 2.3829 2.2836 .0925 19.9978 .0265 -1.3055.700 .05899 .23lf67 -.125lf9 1.7625 .lf85lf 2.933lf . 666t: 1.8135 . 899lf .5396 I.lf390
.lf723 2.2681 1.5852 .8163 .1123 2.lflf25 2.3302 .0993 18.2556 .0229 -1.2707.725 .05261 .2lf072 -.12973 1. 829lf .5073 3.0567 .6550 1.9213 . 89lf6 .5368 l.lf3llf
.lf50lf 2.3638 1.6367 .8156 . 127lf 2.5126 2.3852 .1053 16.lf187 .0195 -1.2659.750 .Olf601 .2lf798 -.13lf65 1.9079 .5299 3.2051 .6lf2lf 2.0502 .8893 .5336 l.lf229
.lf276 2.lf736 1.6967 .81lf9 .llflf6 2.5950 2.lf50lf .1100 Ilf.552lf .0167 -1. 3013.775 .0391lf .25650 -.llf023 1.9991 .5526 3.3829 .6290 2.2031 . 883lf .531)1 1 .If135
.lfOlf6 2.5979 1.7661 .81lf3 . 16lfO 2.6911 2.5271 .1127 12.7519 .0llflf -1. 393lf.800 .031Y8 .26620 -.llf639 2.102" .5T'f7 3.5919 .615lf 2.3812 .8772 .5263 1."036.3819 2.7359 1.8lflf3 .8138 .1850 2.8008 2.6159 .1129 11. 0996 .0125 -1.5521.825 .02lflf9 .2768" -.1529lf 2.2165 .5956 3.8318 .6020 2.5838 .8709 .5225 1.393".3603 2.885" 1.930lf .8135 .2071 2.9230 2.7159 .1105 9.6901 .0110 -1.8187.850 .01668 .28810 -.15966 2.339" .6150 If. 1005 .5892 2.8091 . 86lf6 .5187 1.3833
.3lf02 3.0lf37 2.0226 .813lf .2297 3.0553 2.8256 .1059 8.5390 .0098 -2.2261.875 .00853 .29973 -.166lfO 2.lf695 .6329 If.3961 .5769 3.0553 .8583 .5150 1.3733.3216 3.2088 2.1196 .8135 .2'527 3.1960 2.9lf3lf .0996 7.6166 .0088 -2.8265.900 .0000" .3115"9 -.17309 2.6066 .6lf96 If.7179 .5652 3.3221 .8521 .5112 1.3633.30lf2 3.3801 2.2210 .8138 .2760 3.3lflfO 3.0680 .0925 6.8692 .0077 -3.6893

ASVl'I'ETRV DELTA .275

.lfOO .12217 .19295 -.088lf8 1.3607 .2813 2.0783 .7673 1.Olf88 .9361 .5323 l.lf685.6761 1.6189 1.2739 .8lf39 .0270 1.9792 1.9522 .0238 32.211" .0652 -3.5655...50 .11319 .19513 -.0910" 1.3980 .3056 2.1372 . 760lf 1.101lf . 93lfO .5311 1...652
.6528 1.6837 1. 3058 .8lf35 .0332 2.02lfl 1.9909 .0317 31.0000 .0611 -2.8lf97.500 .10396 .19773 -.09377 1."390 .3312 2.2019 . 752lf 1.1596 .9315 .5297 l.lf612
.6282 1.7'537 1.3lf05 .8lf31 .Olf07 2.0722 2.0315 .0..06 29.5327 .0552 -2.3lf56.550 . 09lflf 3 .20095 -.0968" l.lf861 .3587 2.2763 .7..29 1.2267 .928lf .5279 l.lf563.6017 1.8319 1.3797 .8..25 .Olf98 2.1257 2.07'59 .0508 27.7508 .Olf81 -1.9803.600 .08lf57 .20511 -.100lf5 1.5"2lf .3888 2.3659 .731lf 1.3076 . 92lf5 .5257 l.lf502
.5725 1.9229 l.lf260 . 8lf 18 .061lf 2. 188lf 2.1270 .0620 25.569'1 .Olf03 -1. 7156.625 .07950 .20769 -.10256 1.5756 .lf051 2."191 . 72lf7 1. 35'56 .9222 . 52lflf l.lf"65.5565 1. 9751 1. "530 .8.. 13 .068" 2.22"8 2.1563 .0679 2lf.3025 .0363 -1.6157.650 .07lf31 .21072 -.10lf93 1.6133 ...225 2.lf801 .7172 1."103 .9195 .5229 1.lflf2lf
.539" 2.033lf 1."83lf .8lf09 .0765 2.2657 2.1892 .0739 22.9091 .0322 -1.5369.675 .06900 .21 .. 32 -.10765 1.6566 .lflfl0 2.5509 .7088 I.lf737 .916" .5211 1... 376
.5211 2.0989 1.5182 .8..03 .0859 2.3125 2.2266 .0800 21. 38lflf .0282 -1.lf807.700 .0635lf .21863 -.11078 1.7069 .lf606 2.63lflf . 699lf 1.5lf80 .9129 .5191 1."321.5016 2.1735 1.5583 .8398 .0967 2.3666 2.2699 .0857 19.7372 .02lf5 -1.lf500.725 .05791 .22381 - . II ..lf 1 1.7659 .lf813 2. 73lfO .6890 1.6360 .9089 .5168 1.'1257.lf807 2.2590 1. 60~ 1 .8392 .1093 2.1./299 2.3206 .0910 17.98'1.3 .0210 -1.'1517.750 .05209 .23002 -.11862 1.8353 .5031 2.8536 .6775 1.7lf09 .90lf3 .51 ..2 1."185.lf587 2.3572 1.6597 .8386 .1239 2.50lf3 2. 380lf .0952 16.1731 .0179 -1."955.175 .Olf60lf .23737 -.123lf" 1 . 9163 . 525lf 2.9971 .6650 1.8656 .8992 .5113 l.lfl05
.lf359 2 ...69.. 1.7231 .8381 .1'106 2.5913 2.lf508 .0919 Ilf.3159 .0153 -1. 598lf



X BARRIER SURFACE COULO~ RHO LA~BDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
Zl Z2 Z CUT FMASS ZCM1 ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

.800 .03973 .2't589 -.12885 2.00'16 .5't78 3.1673 .651'1 2.0123 .8'136 .5081 1. 'to 17.'t128 2.5'158 1. 7'157 .8376 .1592 2.6920 2.5328 .0987 12.6712 .0131 -1.7751.825 .03315 . 255't5 -. 13't73 2.11't9 .5697 3.3657 .6385 2.1818 .8876 .50't7 1.3923.3'101 2.7356 1.8772 .8373 .1795 2.8060 2.626't .0973 11. 1't't0 .0113 -2.06't1.850 .02625 .26586 -. 1'to'1't 2.2311 .5907 3.5'122 .6251 2.3737 .881't .5012 1.3826.3681 2.8e70 1.'1665 .8372 .2011 2.'1321 2.7310 .0'139 '1.8337 .00'18 -2.5036.875 .01905 .276'10 -.1't735 2.351't .6107 3.8't63 .6118 2.5876 .8750 . 't976 1.3726. 3't 72 3.0't86 2.0627 .8372 .2238 3.06'10 2.8't52 .08'10 8.7337 .0085 -3.1521.'100 .01152 .288.. 7 -.15386 2.'t'132 .6297 If. 1281f .5'187 2.8237 .8685 .1f'138 1.3623. 327't 3.2195 2.1653 .8373 .2't75 3.215'1 2.9683 .0830 7.80'17 .0073 -'t.0'107

ASVfIIIETRV DElTA .300

.'t50 .11058 .18217 -.07955 1.371f0 .2'101 1.9563 .7853 . '1368 . '1't2'1 .5077 1. 't506
.6733 1.6366 1.2'156 . 86't0 .02'12 1. '1730 1.91f38 .0270 31. 7517 .060'1 -3.13'16.500 .10251 . 18't't5 -.081'1/f 1.'t118 .31't1 2.0097 .7782 . '1852 .'1't07 .5066 1.'t1f73
.6501 1.7007 1.3281 .8637 .0356 2.0178 1. '1822 .031f8 30.'t172 .0558 -2.5826.550 .09'tl'1 .18725 -.08't61 1.'t5't6 .3398 2.0706 .76'18 1.0't06 .'1381 .5051 1. 't1f32
.6252 1.7717 1.36't5 .8632 .0't3't 2.067'f 2.02'f1 .0't36 28.7'116 . O't '11f -2. 1831f.600 .08557 .1'1083 -.08771 1.5052 .3678 2.1't3l .75'17 1.1067 . 931f8 .5031f 1.1f382
.5979 1.8535 1.1/071 .8626 .0531 2.121/7 2.0717 .0533 26.7'161 .01f20 -1.8971.625 .08115 . 1'1302 -.08'150 1.531/6 .3830 2.1858 .7538 1.11/56 .'132'1 .5023 1.1/352
.5830 1.'1000 1.1/316 .8623 .0589 2.1577 2.0987 .058't 25.631f2 .0382 -1.78'11f.650 .07662 .1'1558 -.09151 1.5678 .3991 2.231/2 .71f73 1. 18'15 .9307 .5011 1.lf318
.5672 1. 9515 1.1/591 .861'1 .0656 2. 1'11/'t 2.1288 .0637 21/.3525 .031/2 -1.70't0.675 .071 '10 .1'1859 -.0'1378 1.6056 .1/163 2.2'101 .71/00 1. 2't0 1 .9281 .'t9'18 1.1f279
.5502 2.0092 1.'t902 .8615 .0733 2.2361 2.1628 .0689 22.'1/f32 .0303 -1. 61f22.700 .0672'f .20218 -.09639 1.61f92 .1f3'f5 2.3553 .7318 1.2988 .9252 ...982 1.1/23't
.5319 2.07'f5 1.5259 .8611 .0822 2.283'1 2.2017 .07/f1 21.1/057 .0261f -1.6066.7Z'5 .0623'1 .206"8 -.09'1'10 1. 7001 .'t5'10 2.'1326 .7226 1.3680 .'121'1 . 't'16'1 1.'1182
.5123 2.11/92 1.'5673 .8606 .0926 2.33'15 2.2't69 .0788 19.752'1 .0228 -1.6021

.7'50 .05129 .2116'1 -.10290 1.7600 .1/7't7 2.5251 .7123 1.'1502 .9180 .'I9't3 1.1f123
.1/913 2.2350 1.6156 .8601 . 101f8 2.1/01/8 2.3000 .0829 18.0070 .01'11/ -1. 638'1

.775 .05205 .21781 -.1069'1 1.830'1 .1/96'f 2.6363 .7009 1.51/8't .9136 .1f'119 1. '1055
.'1691 2.3339 1.6722 .8596 .1189 2.'t815 2.3626 .0860 16.21'12 .0165 -1. 72'19

.800 .01f658 .22509 -.11151 1.9127 .5188 2.7698 .6885 1.6650 .9086 .1/892 1.3979
.'1"59 2 . IfIf 71 1.7379 .8592 . D'51 2.5713 2.'t363 .0875 11/.1f632 .0139 -1.9019

.B25 .01f0B8 .23350 -.1167'f 2.0079 .51f15 2.9282 .6753 1.8023 .'1031 ...863 1.389't
.'1223 2.5150 1. 8133 . 85B'1 .1533 2.6752 2.521'1 .0873 12.7986 .0118 -2.1680

.B50 .031f90 .21f296 -.12239 2.1159 .56't0 3.1131f .6615 1. 9615 .8972 .'t831 1.3802
.39B7 2.717" 1.8983 .8587 .1735 2.7931 2.6196 .0852 11. 3069 .0100 -2.5890

.B75 .02B63 .25333 -.128'10 2.236'1 .5860 3. 3261f .61f75 2.11f31 .8'108 .1f797 1.3705
.3756 2.8732 1.9923 .8586 . 1955 2.92.... 2.7290 .081" 10.0030 .0085 -3.2213

.900 .02206 . 261f52 -.13'f70 2.3696 .607" 3.5686 .6332 2.31f83 .881fl .1/761 1.3602
.3531 3.0'121 2.091f9 .8586 .2192 3.0687 2.8't'16 .0765 8.8775 .0071 -1f.1516

39



40

X BARRIER SURFACE COULO~ RHO LA~DA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FI"tt\SS ZCfl1l ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

ASY~TRY DELTA .325

.'f50

.500

.550

.600

.625

.650

.675

.700

.725

.750

.775

.800

.825

.850

.875

.900

.10733 .16917 -.06872 1.3'f95 .27'f0 1. 79'fl .8093 .7878 .9509 .'f8'flf
.6939 1.5887 1.2832 .8825 .025'f 1.9203 1. 89'f9 .0226 32.5080

.10035 .17113 -.07078 1. 38lfO . 296lf 1.8372 .8030 .8273 .9'f90 .lf835
.6721 1.6lf69 1.3135 .8823 .0308 1.9618 1.9309 .029lf 31.32lf8

.09316 .17351 -.07305 l.lf226 .3203 1.8858 .7958 .8720 .9'f68 .'f823
.6'f90 1.7107 1.3'f69 .8819 .0373 2.0071 1.9697 .0370 29.8717

.08573 .17651 -.07565 1.'f67lf .3lf621.9lf30 .7870 . 92'f8 .9'f'fl .lf810
.6237 1.7832 1.385'f .881'f .0'f5'f 2.0587 2.0133 .0'f5'f 28.0906

.08191 .17833 -.07713 l.lf932 .3601 1.9762 .7820 .9553 .9'f25 .lf801
.6100 1. 82'f0 1.'f07'f .8812 .0502 2.0880 2.0378 .Olf98 27.0lf9'f

.07802 . 180'f3 -.07878 1.5219 . 37'f9 2.0135 .776lf .9897 .9lf07 .'f792
.595'f 1.8689 l.lf317 .8809 .0556 2. 120lf 2.06lf8 .05'flf 25.8966

.07'f03 .18288 -.08063 1.55lflf .3906 2.0561 .7701 1.0288 .9386 .lf782
.5798 1.9187 1.'f590 .8806 .0618 2.1567 2.09lf8 .0591 2'f.6227

.06995 .18578 -.0827'11.5915 .'f07'f 2.105'f .7631 1.0738.9363 .lf770
.5630 1.97lf7 l.lf901 .8802 .0690 2.1980 2.1289 .0637 23.221lf

.06575 .18923 -.08516 1. 63lf5 .lf255 2.1632 .7552 1. 126'f .9335 .'f756
.5lf'f9 2.038'f 1.5258 .8799 .077'1 2.2'f56 2.1682 .0681 21.6927

.061'f3 .19338 -.08797 1.68lf8 .lflf'f8 2.2319 .7'f62 1.1885 . 930lf .'f7lfO
.5253 2.1115 1. 567'f .8795 .0873 2.3011 2.2139 .0722 20.0'168

.05695 .19836 -.0912'1 1.7lflfl .lf65'f 2.31'f5 .7362 1.2627 .9267 .lf721
.50lf2 2.1961 1.6163 .8791 .0988 2.3666 2.2678 .0755 18.3127

.05229 .20lf35 -.0950lf 1.81lf'f .'f872 2.lfllf5 . 72lf9 1.3517 . 922lf .'f699
.'f817 2.29lfl 1.6737 .8787 . 112'f 2.'flflfO 2.3316 .0778 16.532lf

.Olf7lf3 .211'f6 -.099lfl 1.897'f .5101 2.5352 . 712'f 1.'f582 .9176 .lf67'f
.lf579 .~.'f072 1.7lfl0 .8783 .1282 2.5351 2.lf070 .0788 Ilf.7681

.Olf23'f .21975 -.10lf36 1. 99'f3 .5336 2.6799 .6989 1. 58'f8 .9121 .'f6lf7
.lf333 2.5367 1.8190 .8780 .1'f63 2.6'f15 2.'f953 .0781 13.0966

.03699 .22920 -.10983 2.1060 .5573 2.851'f . 68lf'f 1.7336 .9060 .lf616
.'f082 2.6829 1.9081 .8779 .1668 2.7638 2.5971 .0757 11.5672

.03135 .23978 -.11579 2.2333 .5810 3.0525 .6692 1.9066 .8993 .'f582
.3832 2.8lf61 2.0085 .8778 .1897 2.902'1 2.7127 .0719 10.202B

1 .lf35 3
.0601 -3.'f962

l.lf325
.0562 -2. 86'f0

l.lf292
.0506 -2.'f152

1.'f251
.Olf39 -2.09lfl

1.'f227
.0'f02 -1.9723

1 .If 199
.036lf -1.87lfl

l.lf168
.0326 -1.7997

1.'t132
.0288 -1. 7507

1.'t091
.0250 -1.7313

1.'f0't3
.0215 -1.7't85

1.3988
.0182 -1.8122

1.392't
.0152 -1. 9'f'f2

1.3850
.0127 -2.1667

1.3768
.0105 -2.52't7

1. 3676
.0087 -3.0779

1. 3575
.0070 -3.9150

ASY~TRY DELTA .350

.500

.550

.600

.625

.650

.097lf9 . 1579lf -.060'f5 1.3562 . 278lf 1.6857 .8266 .6872 . 956'f .'f605
.69lfl 1.5932 1.2971 .8989 .0265 1.90lf9 1.878'f .02'13 32.22'11

.09135 .15993 -.0623'1 1.3907 .300'1 1.7237 . 820'f .7227 . 95'f6 .'f596
.6727 1.6500 1.3276 .8986 .0318 1.9lf58 1.91'f0 .0308 30.9599

.08502 .16239 -.06'f'f8 1.'f301 . 32'fl 1.7678 .8130 .7639 . 952lf .'f586
.6lf95 1.7136 1.3620 .8983 .038'f 1.9918 1. 953lf .0381 29.lf007

.08176 .16386 -.06568 1.'f52lf .3368 1.7930 .8087 .7875 .9511 .lf579
.6370 1.7lf91 1.381'f .8981 .0'f23 2.0175 1.9752 .Olf19 28.lf936

.078lf5 .16555 -.06700 1.lf770 .3503 1.8211 .80lfO .8137 .9'f96 .lf572
.6237 1.7876 1.lf026 .8979 .Olf66 2.0lf56 1.9990 .0'f59 27.lf82'f

1.'t169
.0560 -3.2100

1.'tl'f2
.0515 -2.6915

1.'fl09
.0't56 -2.3205

1. 't090
.0't23 -2.1776

1.'t068
.0388 -2.0603



X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
Zl Z2 Z CUT F~ASS ZC~l ZC~2 CO~PACT OPENING ANGLE STIFFI STIFF2

.615 .01506 .16150 -.068lf1 1.50£15 .36£15 1.8527 .7988 .8£132 .9£180 .£156£1 1.£10£1£1
.6096 1.8300 1.£1262 .8976 .0516 2.0767 2.0251 .0500 26.3603 .0351 -1. 9671

.700 .07160 .16978 -.07013 1.5355 .3797 1.8888 .7929 .8768 .9£161 .£1555 1.£1016
.59£1£1 1.8773 1. £1527 .897£1 .0573 2.1117 2.05£1£1 .05£12 25.1180 .031£1 -1.8985

.725 .0680£1 .172£17 -.07202 1.5711 .3961 1.9307 .7863 .9156 .9£139 .£15£15 1. 398£1
.5780 1.9305 1. £1830 .8971 .0639 2.1516 2.0877 .0583 23.7£180 .0277 -1. 8568

.750 .06£139 .17568 -.07£120 1.612£1 .£1137 1.9800 .7787 .9610 .9£11£1 .£1533 1.39lf7
.5602 1.9912 1.5179 .8968 .0716 2.1977 2. 1261 .0622 22.2£180 .02£10 -1. 8lf66

.775 .06062 .17955 -.07673 1.6609 .£1327 2.0389 .7702 1.0150 . 938lf .lf518 1.3903
.5£109 2.0612 1.5586 . 896lf .0807 2.2517 2.1709 .0658 20.62£1£1 .0205 -1. 8762

.800 .05671 . 18£12lf -.07971 1.7185 .£1532 2.1101 .760£1 1.0797 .9350 .£1502 1.3852
.5198 2.1£128 1.6068 .8961 .0916 2.3156 2.22£11 .0688 18.8996 .0172 -1. 9573

.825 .0526£1 .18993 -.08321 1.787'f .£1753 2.1969 .7'f93 1. 1582 .9309 .£1£182 1.3792
. £1969 2.238lf 1.66£10 .8958 .10£15 2.3920 2.2875 .0708 17.1103 .01lf2 -2.1161

.850 .0£1838 .19677 -.08729 1. 8699 .£1988 2.303£1 .7367 1.2533 .9262 .lflf60 1.3722
.£1723 2.350£1 1.7320 .8955 .1198 2.£1831 2.3633 .0715 15.3081 .0116 -2.3792

.875 .0£1390 .20£192 -.09202 1. 968lf .5235 2.lf335 .7227 1.3686 .9207 .£1£133 1 . 36lfO
.If£l63 2.lf811 1.8123 .8952 .1378 2.591lf 2.'f535 .0707 13.5691 .0093 -2.8053

.900 .03917 . 21'f'f7 -.09739 2.08lf8 .5'f91 2.5916 .7072 1.5075 . 91'f'f .If'f03 1. 35£17
.'f191 2.632'f 1. 9063 .8951 .1590 2.7188 2.5598 .068'f 11. 9392 .0073 -3.lf772

ASVI¥ETRV DELTA .375

.550 .08879 .llf665 -.05260 1.359'f .2803 1.58'flf .8'f3'f .5928 .9615 .'f370 1.3985
.6961 1.5908 1.3070 .9135 .0269 1. 88lf6 1. 8577 .0251 32.01'fl .0518 -3.0355

.600 .083lf5 .1'f86£1 -.05'f33 1.3939 .3019 1.6178 .8372 .62£15 .9597 .'f362 1.3959
.6750 1.6'f62 1.3376 .9132 .0322 1.9252 1.8930 .031'f 30.6882 .0'f70 -2.5951

.625 .08071 .1'f982 -.05529 1.lf130 . 313lf 1. 6366 .8336 .6lf2'f .9586 .lf357 I . 39'flf
.6637 1.6766 1.35'f6 .9131 .0353 1. 9£175 1. 9122 .03lf7 29.9136 .O'f'fl -2.'f233

.650 .07792 .15115 -.05633 1.'f339 .3255 1.6573 .8298 .6620 .9575 .lf352 1.3927
.6518 1. 709lf 1.3730 .9129 .0387 1. 9717 1.9330 .0382 29.0lf98 . O'f 10 -2.2798

.675 .07507 .15267 -.057'f7 1.'f570 .3383 1.6803 . 825'f .6839 .9562 .'f3'f6 1.3908
.6392 1.7'f52 1.3931 .9127 .0'f26 1.9981 1.9555 .0'f18 28.0887 .0377 -2.1618

.700 .07217 . 15lf£l2 -.05875 1. 'f826 .3519 1.7062 .8206 .708'f . 95'f7 .'f3'f0 1.3887
.6256 1. 78'f5 1.'f155 .9125 . O'f 71 2.027lf 1.9803 .0'f5'f 27.0198 .03'f2 -2.0683

.725 .06920 .156£16 -.06018 1.5116 . 366lf 1. 7358 .8152 .7365 .9530 .'f332 1.3862
.6111 1.8282 1. 'f'f06 .9123 .0521 2.0603 2.0081 .0'f92 25.8326 .0307 -1. 9996

.750 .06615 .15888 -.06182 1.5'flf9 .3821 1.7701 .8091 .7688 .9511 .'f323 1. 383'f
.5953 1.8776 l.lf693 .9121 .0580 2.0977 2.0397 .0529 2'f.5176 .0270 -1.9583

.775 .06301 .16177 -.06372 1.5835 .3991 1.8106 .8021 .8068 .9'f88 .lf313 1.3801
.5781 1. 93lf 1 1.502lf .9118 .0650 2.1'fl1 2.0761 . 0~65 23.068lf .023lf -1. 9'f89

.800 .05977 .16527 -.0659lf 1.6290 .'f176 1.8591 . 79'fl .8520 .9lf61 .lf301 1.3762
.5591 1.9995 1.5'f13 .9116 .0732 2.1920 2.1188 .0598 21.£I8lf7 .0199 -1.9801

.825 .056'41 . 1695lf -.06856 1.6835 .'f379 1.9181 . 78lf8 .9067 .9'f30 .lf286 1.3716
.5382 2.076'f 1.5875 .9113 .0832 2.2528 2.1696 .0625 19.7768 .0166 -2.06'f6

.850 .05291 . 17'f79 -.07170 1.7'f95 .'f601 1.9911 .77'f0 .9737 .9392 .£1269 1. 3661
.5152 2.1676 1.6'f31 .9110 .0952 2.3261 2.2310 .06'f5 17.9726 .0135 -2.2305

41



42

X BARRIER SURFACE COULOI'1B RHO LAI'lBDA INPERP INPAR QUADRUPOLE RI R2 SCALE
II l2 l CUT FI'lASS lC1'l1 lCI'l2 COI'lPACT OPENING ANGLE STIFFI STIFF2

.875 .Olt923 .18126 -.075lt5 1.8302 .lt8lt3 2.0822 .761lt 1.0566 . 93lt6 .lt2lt8 1. 359lt
.lt898 2.2767 1.7105 .9107 .1098 2.lt15lt 2.3056 .065lt 16.1079 .0107 -2.5105

.900 .Olt535 .18921 -.07992 1.9291 .5105 2.1968 .7lt69 1.1599 .9291 .lt223 1.351 It
.lt621 2.lt077 1.792lt .9105 .1278 2. 52ltlt 2.3966 .06lt8 Ilt.2536 .0082 -2.9756

ASV~TRV DELTA .ltOO

ASV~TRV

.675

.700

.725

.750

.775

.SOO

.625

.650

.675

.700

.725

.750

.775

.800

.825

.850

.875

.900

.07880 .13632 -.Oq602 1.3755 .2901 1.5055 .8566 .5191 .9652 .q137
.6899 1.6077 1.3276 .9263 .0292 1.8791 1.8q99 .0281 31.2621

.076lt8 .13735 -.Oq683 1.3931 .3009 1.5205 .853q .5337 .96q3 .q133
.6793 1. 635q 1. 3q3q .9262 .0319 1. 8997 1. 8678 .0310 30. 5q38

.07lt12 .13852 -.Oq770 l.ltl2lt .31231.5370 .8q99 .5q96 .9633 .q128
.6681 1.6653 1.3606 .9260 .03q9 1.9220 1.8871 .03ql 29.7Q37

.07171 • I 398lt -.OQ867 I.Q335 . 32lt3 1.5553 .8Q61 .567Q .9622 .lt12Q
.6562 1. 6978 1. 3793 .9259 .0383 1. 9Q63 1. 9080 .0373 28.8519

.06925 .IQ137 -.OQ97Q I.Q570 .3371 1.5759 .8Q18 .5873.9609 .lt118
.6lt3lt 1.7335 l.ltOOO .9258 .Olt22 1.9732 1.9311 .Olt07 27.8576

.06673 .llt315 -.0509lt I.lt83lt .35081.5993 .8369 .6099 . 959lt .lt112
.6297 1. 7731 I.lt232 .9256 .Olt66 2.003lt 1.9568 .0QltO 26.7lt91

.06Q15 .llt525 -.052321.5137 .3657 1. 626lt .831lt .6360 .9577 .Q105
.61lt7 1.8178 l.ltlt97 . 925lt .0517 2.0376 1.9859 .Olt7lt 25.51lt6

.06150 .llt775 -.05391 1.5lt87 .3818 1. 658lt .8251 .6666 .9558 .Q096
.5983 1.8689 l.lt802 .9252 .0578 2.0772 2.019Q .0507 2Q.llt28

.05876 .15080 -.05578 1.5902 .3996 1.6967 .8178 .7032 .953Q .lt08t
.5802 1.9283 1.5161 .9250 .0650 2.1237 2.0587 .053922.6257

.05591 .15Q5lt -.05802 1.6ltOl .ltI931.7lt36 .8092 .7lt76 .9506 .lt07lt
.5599 1.9985 1.5591 . 92lt7 .0738 2.1795 2.1057 .0566 20.9576

.05295 .15922 -.06073 1.7013 .ltltl3 1.8023 .7989 .8027 .9Q71 .lt059
.5371 2.0830 1.611lt . 92lt5 .08lt6 2.2Q77 2.1630 .058819.1537

.0£1983 .16511f -.06£106 1.7778 .£1659 1.8773 .7867 .8725. 9lf28 .QOlfl
.5112 2.1861f 1.6762 . 92lf3 .0983 2.3321f 2.23lf2 .0601 17.2263

DELTA .lf25

.07227 .1251£1 -.03916 1.3709 .2868 l.lt198 .8721 .Q381 .9695 .3912
.6961 1.5911 1.3291 .9377 .0281f 1.8lf91 1.8207 .0272 31.2687

.07029 .12613 -.03988 1.3883 . 297lf l.lt326 .8690 .Q508 .9686 .3908
.6857 1.6178 1.3lflf7 .9376 .0310 1.8693 1.8383 .0299 30.551lt

.0682S .12725 -.0£1061 l.lf073 .3085 l.ltlt67 .8657 .lt6lt9 .9677 .3905
.67lf6 1.6lf68 1.3618 .9375 .0338 1.8912 1.8571f .0328 29.7Q5lt

.06622 .12S5Q -.OQI55 l.lf283 . 320Q l.lf626 .8619 .Q805 .9666 .3900
.6628 1.67S5 1.3806 . 9371f .0371 1.915Q 1.8783 .0358 28.8lflf6

.06lf12 .13003 -.Olf253 l.lf519 .3331 l.lf805 .8577 .lf983 .9653 .3895
.6501 1.7136 l.lfOl5 .9373 .Olf09 1.9lf23 1.9015 .0388 27.8370

.06197 .13179 -.Olt36lf l.lf786 .3lf69 1.5012 .8528 .5187 .9639 .3889
.6362 1.7530 l.lf253 .9371 .Olf52 1.9728 1.9276 .Olt19 26.7088

1.3789
.Olf55 -2. 73lf6

1.3776
.Olf29 -2.5560

1.3762
.0ltOI -2.lt058

I. 37lf5
.0370 -2.2811f

1. 3727
.0337 -2.1816

1. 371)6
.0303 -2.1066

1.3682
.0268 -2.0583

1.365Q
.0233 -2.0lfI0

1.3620
.0197 -2.062Q

1.3580
.0163 -2.1350

1. 3530
.0131 -2.2852

1. 3Q69
.0101 -2.5519

1. 3607
.OQI8 -2.7283

1.3595
.0393 -2.5653

1. 3581
.0365 -2.Q281

1.3566
.0335 -2.3158

1 . 3~lf8
.0303 -2.2280

1.3528
.0270 -2.1657



X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2
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.825

.850

.815

.900

.05915 .13388 -.0'f'f93 1.5096 .3620 1.5255 .8'f13 .5'f25 .9622 .3883
.6209 1.1980 1.'f526 .9310 .0503 2.0018 1.9515 .0'f50 25.l/l/53

.051l/1 . 136l/2 -.0l/6l/l/ 1.5l/61 .3181 1. 55l/5 .8l/09 .5109 .9602 .3815
.6039 1.8502 1.l/8l/6 .9368 .056l/ 2.0l/89 1.9925 .0l/80 2l/.0211

.05510 .13956 -.0l/826 1.5900 .3913 1.5901 .8332 .6055 .9518 .3865
. 58l/8 1.9120 1.5230 .9366 .0639 2.0981 2.03l/3 .0508 22.l/l/l/6

.0526l/ .1l/352 -.050l/9 1.6l/l/l/ .l/18l/ 1. 63l/9 . 82l/0 .6l/81 . 95l/8 .3853
.5629 1.9811 1.5101 . 936l/ .0132 2.1588 2.0856 .0533 20.6839

1.3505
.0235 -2.1322

1. 3'f11
.0200 -2.1331

1.3'f'f3
.0166 -2.1801

1.3'f01
.0132 -2. 295'f

ASV~TRV DELTA .'f50

.150

.115

.800

.825.

.850

.815

.900

.06'f13 . 1150'f -.0335'f 1.3191 .2912 1. 35'f3 . 88'f0 .3163 .9126 .3689
. 69'f3 1.5935 1.3'f13 .9'f16 .029'f 1.8338 1.80'f'f .0281 30.1316

.0630'f .11609 -. 03'f23 1. 3915 .3020 1. 3662 .8808 .3883.9111.3686
.6835 1.6211 1.3580 .9l/16 .0321 1.8551 1.8230 .0308 29.9365

.06131 .11131 -.03500 1.l/181 .3136 1.3795 .8112 .'f019 .9101 .3682
.6119 1.6515 1.3165 .9'f15 .0352 1.8186 1.8'f3'f .0335 29.0l/81

.05953 .11812 -.03581 1. 'f'f 12 .3262 1. 39'f8 .8131 . l/ 113 .9695 .3611
.6593 1.6855 1.3912 .9'f1'f .0381 1.9050 1.8663 .0363 28.0'f9'f

.05112 . 120'f0 -.03681 1.'f611 .3399 1.'f125 .8685 .'f352 .9681 .3612
.6'f5'f 1.1239 1.l/209 .9'f12 .0'f29 1.9350 1.8922 .0392 26.9236

.0558'f . 122'f3 -.03805 1.'f981 .3551 1.'f335 .8630 .'f56'f .9665 .3666
.6300 1.1682 1.'f'f85 .9'f11 .0'f18 1.9101 1.9223 .0'f20 25.6506

.05391 . 12'f92 -.039'f5 1.5358 .3122 1.l/592 .8565 .'f821 . 96'f5 .3659
.6125 1.8206 1.'f81'f .9'f10 .0538 2.0118 1.9519 .0'f'f9 2'f.2065

1. 3'f 15
.0360 -2.6112

1.3'f03
.033'f -2.'f851

1.3389
.0305 -2.3119

1.3312
.021'f -2.2950

1. 335'f
.02'f2 -2. 238'f

1. 3331
.0208 -2.2121

1.330'f
.011l/ -2.22'f2

ASV~TRV DELTA .'f15

.825

.850

.815

.900

.05826 .10512 -.028'f0 1.3831 .2921 1.2955 .8953 .3201 .9155 .3'f12
.69'f9 1.5881 1.3'f91 .9563 .0291 1.8136 1.1839 .0282 30.3360

.05682 .10623 -.02906 1.'f026 .30l/0 1.306l/ .8920 .3315 . 91l/5 .3l/69
.6836 1.6113 1.3669 .9562 .0325 1.8360 1.803'f .0301 29.'f805

.05535 .10152 -.02981 1.l/2l/1 .3162 1.3189 .8882 .3l/'f6 .9135 .3'f65
.6113 1.6'f93 1.3869 .9561 .0358 1.8611 1.825'f .0333 28.5159

.0538'f .10901 -.03068 1.'f502 .3296 1.3336 .8838 .3599 .9122 .3'f60
.6511 1.6858 1.'f099 .9561 .0396 1.8900 1. 850'f .0359 21.'f19'f

1.3221
.0301 -2.5192

1. 321 'f
.0280 -2.'f688

1. 3199
.0251 -2.3830

1. 3182
.0220 -2.3235
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BUSINARO-GALLONE SADDLES

X BARRIER SURFACE COULOMB RHO LAMBDA INPERP INPAR QUADRUPOLE Rl R2 SCALE
ASYMMETRY ZI Z2 Z CUT FMASS ZCMl ZCM2 COMPACT OPENING ANGLE STIFFI STIFF2

.'100 .133'1'1 .27811 -.18083 1.'1907 .3668 3.7'177 .5797 2.53'1'1 .7775 .7775
O. .'1923 1.8256 1.1590 .5000 .0509 2.2671 2.2161 .0561 28.5099

.'150 .11756 .2'1505 -.1'1166 1.'185'1 .3616 3.0260 .6551 1.8967 .8855 .6296
.1689 .5698 1.8530 1.3153 .7335 .0509 2.2065 2.1556 .0532 28.'1126

.500 .10'185 .21956 -.11'171 1.'1826 .3583 2.5636 .7078 1.'18'17 .9136 .5688
.2326 .5919 1.8385 1.35'15 .803'1 .0'198 2.1576 2.1078 .0513 28.1727

.550 .09'1'1'1 .19855 -.09'1651.'1806 .355'12.2387 .7'177 1.1928.9302.5239
.279'1 .6059 1.8215 1.3772 .8'163 .0'187 2.1157 2.0670 .0'195 27.9288

.600 .08578 .18102 -.07937 1.'1793 .3531 2.0036 .7785 .9800 .9'113 .'1880
.3171 .6155 1.805'1 1.3925 .8757 .0'177 2.0797 2.0320 .0'178 27.6767

.625 .08196 .173'13 -.07317 1.'179'1 .3523 1.9116 .7912 .896'1 .9'155 .'1727
.333'1 .6190 1.7986 1.3988 .8871 .0'17'1 2.06'13 2.0169 .0'171 27.53'16

.650 .078'15 .16631 -.06759 1.'1793 .3516 1.830'1 .8026 .8222 .9'192 .'158'1
.3'187 .6222 1.7918 1. '10'12 .8970 .0'171 2.0'195 2.002'1 .0'l6'f 27. '1006

.675 .07519 .15983 -.062691.'1798 .3511 1.7606 .8127 .758'1.9523.'1'153
.3628 .62'18 1.7860 1. '1092 .9056 .0'168 2.0362 1.989'1 .0'157 27.2'199

.700 .07217 .1536'1 -.05819 1.'1800 .350'1 1.6976 .8220 .7005 .9551 .'1328
.3763 .6272 1.7798 1.'1136 .9133 .0'166 2.0231 1.9765 .0'150 27.117'1

.725 .06936 .1'1807 -.05'129 1.'1811 .3503 1.6'1'11 .8301 .6512 .9575 .'1215
.3887 .6289 1.7753 1.'1181 .9199 .0'165 2.0120 1.9655 .0'1'1'1 26.9522

.750 .06673 .1'1291 -.05078 1.'1825 .3503 1.5969 .8373 .6076 .9596 .'1108
.'100'1 .6302 1.7715 1.'1225 .9258 .0'16'1 2.0019 1.9555 .0'139 26.7795

.775 .06'128 .1378'1 -.0'17'16 1.'1833 .3500 1.5526 .8'1'13 .5667 .9615 .'1005
.'1119 .6318 1.7667 1.'1262 .9313 .0'163 1.9912 1.9'1'19 .0'133 26.6393

.800 .06197 .13307 -.0'1'1'1'1 1.'18'11 .3'198 1.5129 .8506 .5298 .9633 .3907
.'1229 .6331 1.7622 1.'1296 .9362 .0'161 1.9811 1.9350 .0'126 26.'1963

.825 .05981 .12885 -.0'118'1 1.'1865 .3503 1.'1797 .8560 .'1990 .96'17 .3817
.'1330 .6335 1.7601 1.'13'10 .9'105 .0'163 1.9735 1.9272 .0'122 26.307'1

.850 .05777 .12'175 -.039'10 1.'1885 .3507 1.'1'187 .8610 .'1701 .9661 .3730
.'1'129 .63'10 1.7576 1.'1380 .9'1'1'1 .0'163 1.9658 1.919'1 .0'117 26.1313

.875 .0558~ .1208'1 -.0371'1 1.'1906 .3511 1.'120'1 .8657 .'1'138 .9673 .36'16
.'1525 .63'13 1.7553 1.'1'118 .9'181 .0'16'1 1.958'1 1.9119 .0'112 25.9567

.900 .05'103 .11751 -.03527 1.'1950 .3526 1.3977 .869'1 .'1227 .9682 .3570
.'1612 .633'1 1.7566 1.'1'17'1 .9512 .0'169 1.95'15 1.9075 .0'109 25.7031

1.5550
.0628 -2.0185

1.5151
.0605 -2.0156

1.'182'1
.05'10 -2.0086

1 . '15'11
.0'18'1 -2.01'15

1.'1293
.0'133 -2.029'1

1 . 'I 182
.0'109 -2.0393

1. '1075
.0387 -2.0512

1.3976
.0365 -2.0633

1.3879
.03'1'1 -2.0793

1.3790
.032'1 -2.09'10

1.370'1
.030'1 -2. 11 02

1.3620
.0285 -2. 1311

1. 3539
.0266 -2.1533

1 . 3'16'1
.02'18 -2.1728

1.3390
.0230 -2.1968

1. 3319
.0213 -2.2227

1.3252
.0 1 9'1 -2.2'182



Table III

Page Number
Reaction /I, x of Map

l. 208pb +26M ;234p 0.3098"" 0.3 0.7970"" 0.8 0-54282 g12 u94

2. 208pb +27Al ;235A 0.2977 "" 0.3 0.8075"" 0.8 0-54282 13 m95

3. 208 48 256 0.2309"" 0.225 0.8621 "" 0.85-0.875 0-448,0-398Pb82+ Ca 20; NO l02

4. 208pb +50T· ;258 104 0.2158"" 0.225 0.8830"" 0.875 0-39882 '22

5. 208pb82+52Cr24;260106 0.2020"" 0.2 0.8950"" 0.9 0-350

6 . 208pb +58F ;266 108 0.1891 "" 0.2 0.9197"" 0.925 0-30082 e 26

7. 208pb +64 N· ;272 110 0.1772"" 0.175 0.9352"" 0.925 0-30282 '28

8. 209 Bi +54 C ;263 107 0.2039"" 0.2 0.9120"" 0.9-0.925 0-350,0-30083 r 24

9. 248C +48C ;296 116 0.2556"" 0.25 0.9746"" 0.975 0-196m96 a20

10. (226Ra8S+41K19;267107) 0.25 0.9 0-346

APPENOIXES A,B,C,O

The remainder of this volume provides maps of the following seven

quantities:

Scale Function on odd pages A-I to A-49

Quadrupole Moment on even pages A-2 to A-50

Inertia Perpendicular on odd pages B-1 to B-49

Inertia Parallel on even pages B-2 to B-50

Coulomb Energy on odd pages C-l to C-49

Surface Energy on even pages C-2 to C-50

Oeformation Energy:

for x ; 0.050 to x ; 0.725 on odd pages 0-1 to 0-665

for x ; 1.500 to x ; 0.750 on even pages 0-2 to 0-664
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A-3

SCALE ASYMMETRY DELTA= .025
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A-4

QUADRUPOLE MOMENT

TANGENT .06016

ASYMMETRY DELTA= .575

SPACING .05
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SCALE ASYMMETRY DELTA= .050
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QUADRUPOLE MOMENT ASYMMETRY DELTA= .550
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A-8

QUADRUPOLE MOMENT ASYMMETRY DELTA= .525
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DECK VARIABLE LAMBDA
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1.5 -

<t
0
m
2
<t
-l

1.0

W
-l
m
<t
>-<

0:::
<t
>
:::.::::
0
w 0.5
0

0.0

0.0 0.5

SPHERES .20463

1 . a

TANGENT .20463

1 .5

SPAC I NG . 005

2.0

DISTANCE RHO



COULOMB ENERGY ASYMMETRY DELTA= .400
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COULOMB ENERGY ASYMMETRY DEL TA= .575
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X= .350 ASYMMETRY DELTA= .425 FRACTIONAL= .9384
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D-210

x= .975 ASYMMETRY DELTA= .075 FRACTIONAL= .6108
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D-211
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X= .400 ASYMMETRY DELTA=O. FRACTIONAL= .5000
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D-218

x= ,950 ASYMMETRY DELTA= ,600 FRACTIONAL= ,9846
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D-220

X= .950 ASYMMETRY DELTA= .575 FRACTIONAL= .9807
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x= .400 ASYMMETRY DELTA= .100 FRACTIONAL= .6461
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D-223

x= .400 ASYMMETRY DELTA= .125 FRACTIONAL= .6800
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X= .400 ASYMMETRY OELTA= .150 FRACTIONAL= .7124

D-225
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D-226

X= .950 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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X= .400 ASYMMETRY DELTA= .175 FRACTIONAL= .7429
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D-228
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X= .400 ASYMMETRY DELTA= .200 FRACTIONAL= .7714

D-229

SPHERES .00242 TANGENT .15623 LENGTH 8.860 ENERGY 388.03 SPAC I NG .005 SADDLE .12983

I I I I I I ! ! I I I I I ! 1 ! I ! ! I I I ! I I I I I I I I I I ! I ! 1 1 I ! I " I I I ! ! I ! 1-LLl ! I I I ! I I I I I I I 1 I I I ! 11 I I I I I I ! I I I I I I I ! I I I I I ! I I I II I I I I 1 1 I I ! [ I I I I I I I I I ! I I I ! I 1 I I I I , I I , ! 1 I I I I I I I I I I I II II I

0.0 ,.
0.0

1 .5

«
0
m
:::2:
«
~

w 1 .0
~

m
«
.......
0::
«
>
::-c:
u
w
o 0.5

0.5 1 .0 1 .5

DISTANCE RHO
2.0 2.5 3.0



D-230

x= .950 ASYMMETRY DELTA= .450 FRACTIONAL= .9483

SPHERES -.04331 TANGENT .07136 LENGTH 11.118 ENERGY 722.20 SPACING .002

2.01 .51 . 00.5

o 0 -=i ~i=?)111111111111 I I I I ~ l I I I I I I I I I I I I I ( I I ! F-
'I/IIII/III!! 11111 11111/111 II! IIIIIIIIIIII! 1111//1 11111 III I!! II! 11111 I ! 1I11I111111111111111 '1111 11 fill 1/1 1111111111/11111111111/111111111111111

0.0

<t
0
CO 1.0
2
<t
---l

W
---l
CO
<t
>-l

0:::
<t
> 0.5

y::
0
W
0

DISTANCE RHO
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x= .400 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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X= .450 ASYMMETRY DELTA=O. FRACTIONAL= .5000
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x= .950 ASYMMETRY DELTA= .125 FRACTIONAL= .6800

SPHERES -.37531 TANGENT .06542 LENGTH 12.827 ENERGY 722.20 SPAC I NG .002
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x= .450 ASYMMETRY DELTA= .025 FRACTIONAL= .5374

SPHERES -.07213 TANGENT .16292 LENGTH 9.639 ENERGY 423.38 SPAC I NG .005 SADDLE .11531

3.02.52.01 .51.00.5

oo-=j ['>.11'11111'1111" I I' / 1/ I 1 I I III• ""1"1'/'11111"'1'1"/'11'1""1"'1111"1'1'11111'IfIIII111111'1111111111/11111111'11111/11/'II'1111 11111111111111/111'1111111'111111111'111r-
0.0

2.0

1.5

«
0
m
2
«
-.J

w
---l

m 1.0«
.........

0:::
«
>
~

0
W
0

0.5

DISTANCE RHO



D-258
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X= .450 ASYMMETRY DELTA= .225 FRACTIONAL= .7979
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X= .925 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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X= .925 ASYMMETRY DELTA= .475 FRACTIONAL= .9569

SPHERES -.02725 TANGENT .06802 LENGTH 10.847 ENERGY 709.11 SPACING .002

!111!1!I,r'fl!!lll!!!ltll!!11!lllllrllll!111~"!!!!J1111!!!!!!l!!!!!!!!!!!l!!!!!'!!!!!II'!'1

3.02.5
,

2.01 .51 . a0.5
o . 0 ---ynTTT'

0.0

<{

0 -j ~
IT) 1 .0
2
<{
-.J

W
-.J
IT)
<{
f----<

0:::
<{

> 0.5

Y:
()

w
0

DISTANCE RHO



D-279

x= .450 ASYMMETRY DELTA= .300 FRACTIONAL= .8650
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x= .450 ASYMMETRY DELTA= .325 FRACTIONAL= .8832
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X= .450 ASYMMETRY DELTA= .350 FRACTIONAL= .8996
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X= .925 ASYMMETRY DELTA= .325 FRACTIONAL= .8832
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D-328

X= .900 ASYMMETRY DELTA= .475 FRACTIONAL= .9569
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X= .900 ASYMMETRY DELTA= .450 FRACTIONAL= .9483
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x= .500 ASYMMETRY DELTA= .450 FRACTIONAL= .9483
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X= .500 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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SPHERES .02956 TANGENT .07313 LENGTH 8.350 ENERGY 457.52 SPACING .005
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X= .500 ASYMMETRY DELTA= .525 FRACTIONAL= .9707
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X= .550 ASYMMETRY DELTA= .025 FRACTIONAL= .5374
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X= .900 ASYMMETRY DELTA= .275 FRACTIONAL= .8447

1 .5

«
0
m
:2:
«
-' 1 .0

w
-'
m
«
>-<

0:::
«
>
~

0
W 0.5
0

0.0
I'

0.0

SPHERES -.17808

0.5

TANGENT .08733

1 .0

LENGTH 11.907

1.5

ENERGY 695.85

2.0

SPAC I NG .002 SADDLE .01152

2.5 3.0

DISTANCE RHO



D-345

X= .550 ASYMMETRY DELTA= .050 FRACTIONAL= .5745

SPHERES -.14169 TANGENT .14133 LENGTH 10.430 ENERGY 490.53 SPAC I NG . 005 SADDLE .07913

3.02.52.01 .51.0

jl""I""I""I""I""I""I""I""I""~""""""~""I""""""~"""'L2.0

0.0 II II I II III-II IIIII I I1II11 III I IIIIII : IIII III

0.0 0.5

15 1
6 i
~ 1 "" / / / / / ~ ~ ~ ~~

~ ~
« 1.0-:l

~ i
> -l

~ j
0.5 ~

DISTANCE RHO



D-346

«
o
m
:2

~
o . 0 ·-jrrTTpTTpT I I I I I I I I I iTfT,'1l I I I I I I I I I

0.0 0.5

RHO

3.0



D-347
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x= .550 ASYMMETRY DELTA= .100 FRACTIONAL= .6461
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X= .900 ASYMMETRY DELTA= .200 FRACTIONAL= .7714
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x= .550 ASYMMETRY DELTA= .150 FRACTIONAL= .7124
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X= .550 ASYMMETRY DELTA= .225 FRACTIONAL= .7979

SPHERES -.06372 TANGENT .13147 LENGTH 9.975 ENERGY 490.53 SPACING .005 SADDLE .09278

3.02.01 .51 • D0.5

1 .5

00 -l f~111111111111 I I I I I I I \ I I I I F-'1111111111111111111111111111111111111111111111111'111111111"1111111111'111111'11111'11111111'11111111'11111111111111111.111111flllllllll.11.111111

0.0

«
0
m
:2'
«
---.l

1 .0

W
---.l
m
«
>-<

0:::
«
>
~

0
W 0.5
0

DISTANCE RHO



D-360
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X= .550 ASYMMETRY DELTA= .275 FRACTIONAL= .8447

D-363
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x= .875 ASYMMETRY DELTA= .125 FRACTIONAL= .6800
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D-417

x= .600 ASYMMETRY DELTA= .400 FRACTIONAL= .9270

SPHERES -.00171 TANGENT .09542 LENGTH 9.503 ENERGY 522.49 SPACING .002
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D-418

x= .850 ASYMMETRY DELTA= .600 FRACTIONAL= .9846
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D-420
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X= .600 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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D-433

X= .625 ASYMMETRY DELTA= .025 FRACTIONAL= .5374
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X= .850 ASYMMETRY DELTA= .400 FRACTIONAL= .9270
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D-436

x= .850 ASYMMETRY DELTA= .375 FRACTIONAL= .9141

SPHERES -.07129 TANGENT .08623 LENGTH 11.080 ENERGY 668.85 SPACING .002 SADDLE .05291
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D-437

x= .625 ASYMMETRY DELTA= .075 FRACTIONAL= .6108
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D-438

x= .850 ASYMMETRY DELTA= .350 FRACTIONAL= .8996
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D-439

x= .625 ASYMMETRY DELTA= .100 FRACTIONAL= .6461
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D-440

X= .850 ASYMMETRY DELTA= .325 FRACTIONAL= .8832
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D-441

x= .625 ASYMMETRY DELTA= .125 FRACTIONAL= .6800
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D-442
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x= .625 ASYMMETRY DELTA= .150 FRACTIONAL= .7124
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X= .850 ASYMMETRY DELTA= .275 FRACTIONAL= .8447
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D-445

X= .625 ASYMMETRY DELTA= .175 FRACTIONAL= .7429

SPHERES -.13377 TANGENT .12438 LENGTH 10.692 ENERGY 538.09 SPACING .002 SADDLE .06653
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D-446

X= 850 ASYMMETRY DELTA= .250 FRACTIONAL= .8224
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D-447

X= .625 ASYMMETRY DELTA= .200 FRACTIONAL= .7714

SPHERES -.11713 TANGENT .12319 LENGTH 10.602 ENERGY 538.09 SPAC I NG .002 SADDLE .07037
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D-448

X= .850 ASYMMETRY DELTA= .225 FRACTIONAL= .7979

SPHERES -.21009 TANGENT .09157 LENGTH 11.886 ENERGY 668.85 SPAC I NG .002 SAODLE .00654
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D-449

x= .625 ASYMMETRY DELTA= .225 FRACTIONAL= .7979
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D-450

X= .850 ASYMMETRY DELTA= .200 FRACTIONAL= .7714
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X= .850 ASYMMETRY DELTA= .175 FRACTIONAL= .7429
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D-453

X= .625 ASYMMETRY DELTA= .275 FRACTIONAL= .8447
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X= .850 ASYMMETRY DELTA= .150 FRACTIONAL= .7124
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D-455

X= .625 ASYMMETRY DELTA= .300 FRACTIONAL= .8650

SPHERES -.05301 TANGENT .11300 LENGTH 10.167 ENERGY 538.09 SPACING .002 SADDLE .08115
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x= .850 ASYMMETRY DELTA= .125 FRACTIONAL= .6800
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x= .625 ASYMMETRY DELTA= .325 FRACTIONAL= .8832
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D-458

x= .850 ASYMMETRY DELTA= .100 FRACTIONAL= .6461

SPHERES -.33040 TANGENT .08175 LENGTH 12.337 ENERGY 668.85 SPAC I NG .002 SADDLE .00338
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X= .625 ASYMMETRY DELTA= .350 FRACTIONAL= .8996
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D-460

x= .850 ASYMMETRY DELTA= .075 FRACTIONAL= .6108
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D-461

x= .625 ASYMMETRY DELTA= .375 FRACTIONAL= .9141
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D-462

X= .850 ASYMMETRY DELTA= .050 FRACTIONAL= .5745
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x= .625 ASYMMETRY DELTA= .425 FRACTIONAL= .9384
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x= .625 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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x= .825 ASYMMETRY DELTA= .550 FRACTIONAL= .9761
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x= .825 ASYMMETRY DELTA= .525 FRACTIONAL= .9707

SPHERES .00019 TANGENT .06049 LENGTH 10.071' ENERGY 655.09 SPAC I NG .002

3.02.51 .51 .00.5

! I II II 1/ I " ! ! ! ! I II ! I ! ! ! ! I , t=-I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I'~ E11111111111111111 ___Mill 11111 I1111 II I1111111 ____
_
luJ.J-LLLuL,..lI..lILLI1-,1.1.l1.JI..lIJILLILI1.1.l1.JI..lI_'LLILI1.1....I ....I~'~I~I~II II r I I ! ! " I ..

0.0

Y I I I I I J ! I ! I / I I ~ I I I I , t0.0 11 I I I I I I I I I I I I I I I I I I I ! I I i I I I I I I I I I J I 1 I I I I I Itt I I 1 I 14' I 111 I I i I (, I I I I i I I I I 1 I I , rl I I I I I I I I I I I I I I I I I I I I i I (I I 1 I I I f I I I I I I I I 1 I I I I [I I I i I I I I I I i I I, I I Iii I I I Iii I i I

<t
1.00

(I)

L
<t
-.J

W
-.J
m
<t
>-l

cr:
<t 0.5
>
~

0
W
0

DISTANCE RHO



D-475

3.0

7

1 .5

DISTANCE RHO

X= .625 ASYMMETRY DELTA= .550 FRACTIONAL= .9761

SPHERES .02006 TANGENT .05801 LENGTH 8.878 ENERGY 538.09 SPACING .002

j"" 1""1,,,,1,'i~" I""],, ,iliLL,I""]""],,,, 1" ,"lullJ"" I"" 1",,1, ,uluil1=luul,

0.0

0.0

>--<

et::

~ 0.5 ~

y
o
w
o

W
-.J
m
«

«o 1.0
m
2:
«
-.J



D-476

X= .825 ASYMMETRY DELTA= .500 FRACTIONAL= .9643
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D-479

X= .650 ASYMMETRY DELTA= .025 FRACTIONAL= .5374

SPHERES -.21937 TANGENT .12016 LENGTH 11.179 ENERGY 553.46 SPAC I NG .002 SADDLE .04109
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D-480

X= .825 ASYMMETRY DELTA= .450 FRACTIONAL= .9483
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X= .650 ASYMMETRY DELTA= .050 FRACTIONAL= .5745
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D-482

x= .825 ASYMMETRY DELTA= .425 FRACTIONAL= .9384
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D-486

x= .825 ASYMMETRY DELTA= .375 FRACTIONAL= .9141
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X= .650 ASYMMETRY DELTA= .150 FRACTIONAL= .7124
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X= .825 ASYMMETRY DELTA= .300 FRACT IONAL= .8650

SPHERES -.12470 TANGENT .09443 LENGTH 11.368 ENERGY 655.09 SPACING .002 SADDLE .04088

1 .5

<I:
0
CO
:2
<I: 1.0
---.J

W
-J
CO
<I:
I-<

0:::
<I:
>
Y::
(.) 0.5
W
0

0.0
0.0 0.5 1.0 1 .5 2.0 2.5 3.0

DISTANCE RHO



D-493
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x= .725 ASYMMETRY DELTA= .100 FRACTIONAL= .6461
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