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R1asSUNTO. — In questa seconda parte, vengono studiati i rapporti
dell’energia fra onde riflesse e rifratte dalla superficie limitante due mezzi
trasversalmente isotropi. Li’equazione dell’energia & stata ricavata tenendo
conto due volte dell’energia cinetica (a), due volte dell'energia potenziale (b).

I rapporti fra le onde originate e 1'onda incidente quasilongitudinale,
sono stati calcolati per il caso particolare in cui 1’asse di simmetria coincide
con la normale alla superficie limitante i due mezzi in questione.

SuMMARY. — The energy ratios of the reflected and refracted waves
at the boundary between transversely isotropic media have been investig-
ated. The energy equation has been derived on two bases, namely as (a)
double of the kinetic energy, (b) double of the potential energy. The ratios
of the derived waves to that of the incident quasilongitudinal wave have been
calculated for the particular case, where the symmetry axes of the media
coincide with the normal to the boundary surface. The influence of varying
the different elastic parameters is shown in a few diagrams.

ZUSAMMENFASSUNG. — Die Energieverhaeltnisse der an einer Grenzf-
laeche zwischen transversalisotropen Medien reflektierten und gebrochenen
Wellen sind untersucht worden. Die Energiegleichung ist auf zweierlei Art
aufgestellt worden, naemlich als (a) doppelte kinetische Energie, (b) doppelte
potentielle Energie. Die Energieverhaeltnisse der aufgespaltenen Wellen sind
fuer die einfallende quasilongitudinale Welle fuer den Sonderfall berechnet
worden, in dem die Symmetrieachsen beider Medien mit der Grenzflaechen-
normale zusammenfallen. In verschiedenen Diagrammen ist der Einfluss der
Variation verschiedener elastischer-Parameter dargestellt.
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In this article the energy ratios of the derived waves would be
investigated, when a plane elastic wave strikes a surface of disconti-
nuity between two transversely anisotropic media.

As is generally known, in an elastic medium the total energy con-
gists of (a) kinetic (b) potential energy. The latter is obtained by
multiplying the stress tensor with the strain tensor, while the former is
proportional to the square of the velocity of the particles in the medium.
In clastic waves both of them averaged over a full period are equal.
Accordingly there are two methods of calculating the total energy (or
energy flux) in a wave, namely as twice the:

(a) kinetic energy,

(b) potential energy.

In the following the expressions for the ray velocity (the velocity
of the energy propagation) and its direction as a function of the direc-
tion of the wave normals would be derived, since they would be needed
for the calculation of the energy flux.

RAY DIRECTION AND RAY VELOCITY.

It is a characteristic property of the wave propagation in the
anisotropic media that the direction and the velocity of the propaga-
tion of the energy (ray energy or, with some authors, group velocity)
deviate from the direction of the wave normals and the phase velocity
respectively, see for example Lighthill (!). That the displacement
vector also deviates from the ray or wave normal — direction can be
seen from Eq. 9 of the last article (?).

Lighthill has extended an argument of Rajyleigh (*) for calcula-
ting the group velocity to the three dimensional case as follows:

U = grad G/(d Gd w)

where: U = the group or ray velocity, 1]

G = the slowness surface.

Rudzki (1911) has given a parameter expression for the calculation
of the ray direction and velocity. Another method to calculate the
ray direction as a function of the wave normals directly is to use the
energy vector, that is, the vector which points in the direction of the
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energy propagation (ray direction); namely the following identity
must hold for it:

horizontal component of the flux
vertical component of the flux

b

tg f=

and the components of the energy flux can be obtained from Eq. [2]
Love (3):

Fz_—(lb‘Tzz+U 'sz+1U‘Tzz),
Fy=—(u Tyz+9 - Tyy+w- Tys) , [2]
F, = —(4h+Taz +9 « Tyz + 0 - Tez)

where %, v, w and 7« are the x—, y—, 2— components of the displacement
vector and stress tensor, and the dots on them mean the differentia-
tion with respect to time.
From [2] one gets:
tg 8 = tg @ alsin:qa +a2sin:¢p + a,
ay 810t @ + a5 SN2 @ + a,
where:

a,=L(A—I*—L + F?),
a,=L(L+Fp+(L—oV)[(L+ F2+2L(4—L)],
ay=(L—po V) [L(L-—pV?)—L + F?],

a0, =C(A—Lp—(L-+FyrA,

a;=L(L+ Fp+(L—pV?)[20(4—L)—(L+ Fy
ag = C (L —p V2.

TerE ENERGY FLUX: ITS CALCULATION FROM THE KINETIC ENERGY.

In the following it would be assumed that the ray velocity and
its direction are known, since they can be calculated quite easily from
Eq. 3 and (6) (see below).

Waves of I or II type.

As in the last article (2) the quasilongitudinal and quasitransversal
waves in the anisotropic media are termed here the waves of the I
and II type respectively. Owing to the very similar (almost identical)
form of their representation through a plane wave, they can be con-
sidered here together. The energy flux of the individual waves may
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be calculated separately and then added together to give the total
energy (°). A plane wave of both types can be written as follows:

L+ F . (@ sin ¢ + % cos @
—_@g=TZ e —t
% @) sin g cos p cos @ | v
G — . (@ sin @ + 2 cos @
—_— 2 2 —_—
w_N((p)(A Lsin?¢p 4 L gV)cosw\ v t

with

N2 (p) =(L + Fysinfgpcos*p + (A —Lsin*¢p + L —p V2 (¢))? .
The kinetic energy per unit volume is given by:

FP=EV,S, (4]
where:
F = the energy flux,
E = the total energy (= twice the kinetic),
V. = the ray velocity,

§ = the surface of the wave front, which takes part in the
reflexion and transmission process.

The energy flux per unit surface of the boundary surface would now
be calculated. From Fig. 1 it is clear that the energy contained in
the wave surface A C propagates along A" A — B” B. Imagine a

bundle of rays and follow its path. It would distribute itself on A B
of the boundary surface. One has:

AD = AB cosf ,
— AC cos (f—g) ,
where
p = the ray direction ,

@ = the direction of the wave normal ,
and

AC = AB cosf[cos(f—¢),
= cos [/ cos (f —¢) with AB as unit .
The energy flux is therefore:
cos 8 . ‘T 8in @ + 2 cos @ \
GV, ————— - sin*w ( — —1l. b
eV o5 (B —g) [°)

Eq. [6] shows that the energy flux varies periodically. The net flux can
be found by averaging over a period.
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One has further the following definition
Vscos (f —@) = Vp. [6]
Eq. [5] becomes then (using [6]):

Energy fuw — 0ar@V? 288 | gim, (FURP A0S0\
Vo \ |4 )

Similarly the fluxes of the other waves can be determined:

B
Wellenfiormale

Fig. 1 — Energy considerations. Wellenfront = wave front.
Strahl = ray. Wellennormale = wave normal.

Reflected wave of I type:

cos B . {2sin @* — 2z cos o* \
By — 4 w? G2 Vg __ﬁ ! . 8In2 w ? @ —1
Ve \ Vrl /
Reflected wave of II type:
cos fr . T 81Ny — 2 Co8 \
FrzZQCOZGErz V'.’.' ﬂ‘z M Slnzw{—L__—y—'t}’
Vo \ [ /
Refracted wave of I type:
cos B . xsind 4+ zcosd
Fou = o* w? G%a1 Vs — ~2 . sine w (-—-———-——i———— -—-t) ’
Refracted wave of II type:
cos . (@ sin % COo8 '
Fas = 0* w® G2a2 Vi .,-ﬁdj . 8in% w I—i-*:——l’ —t\ .
Vaz \ Vae /

Here are p, B, fBr, Par, Paz and ¢, ¢*, », 6, n the angles of
rays and wave normals of the incident, reflected wave of I and I
type, refracted waves of I and II type respectively. The index s in
Vi ete. points to the ray velocity (German: Sirahlchgeswindigkeit).
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According to the law of the conservation of energy, the total
energy of the derived waves must be equal to that of the incident:

03 r cos f3r
0 w? @G V3 (.'()Vé = 00*G*n Vi CO? pn + 0w*G?*a V30 - 1}@—2 +
+ .. 0*w-G-a1 Vi c— 4 o0vwruae Vi - . —
I’ al v a2
or with the incident flux as a unit:
Ve V. cos ﬁrl Ve Ve CcOoS ﬁrz
— RI? - - . RII*? =" — .
L— R Ve Vo cos e + Ve Vo 0SB, 7]
Vis 07Ve €08 fa Via 0*Ve cos Bu
TI2 . oo TIir: - <o
T 0 Ve Var  cosfe oV%e Va,  cosfe

Further if one likes to save the trouble of calculating the ray
velocity, one can use Eq. [6] to eliminate it from [7]:

_ BRI Ve cos ﬁn_cos2 Be — @) | rirre Vry coS Bry cOS? (B — @)

Ve cos 5. cos? (fn — @*) TR Y, cos fe cO8? (Bra — ) [8]
g2 ¥ @107 COS B cos? /# ——(p)+ T o Vaz0™ co8 fac cOs* (2 — ,
V.o cos B cos? (Bar — 0) Veocos Be cos? ( ﬁaz—n)
with:
RI = the reflexion coefficient (amplitudes) of wave of the I type,
RII = the reflexion coefficient (amplitudes) of wave of II type,
TI = the transmission coefficient (amplitudes) of wave of I type,
TII — the transmission coefficient (amplitudes) of wave of II type.

(Note that RI ... TII are to be determined as described in the
last article) (2).

If in the medium I, that is the one containing the source
of disturbance, the symmetry axis coincides with the normal to the
boundary surface, §. can be set equal to 1 or f,, according as the inci-
dent wave is of I or II type.

[The astrisks wherever they occur, characterise the elements
belonging to the medium II (not containing the source)].

For the wave of I type:
2
1 — RI* + RII® V2 cOS frz cOS? (Be — @)
T Ve cos fe cos? (B r, — ) T [8a]

Va: cos far cos? (fe — @) o* © TII 0* Vaz cos pas cos? (8. —-—(p)

2
I Ve cos fe cos? (far — d) o o Vecos fe cos? (faz — )
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For the wave of II type:

, Vi COS 0n cos® (B — @)
V. cos e cos? (B —
Q* Vai cos ﬁd]
2 IZ -
+ BRI + T o Vecos S cos? (far — 0)
I 0* Vaz €08 5a2 cOS? (fe — @)
g V.cos fe cos? (fa, —n)

- TI

In order to see the correctness of the above formulae, they may be
specialised for the isotropic media, that is, the ray direction and velocity
are set equal to the direction of the wave normal and the phase velocity
respectively. The result is:

Vrs cOs y , 0*Varcosd LTI 0*Varcosy
Vecos g oVecos g eVecos g

and with the help of Snell’s law:

1= RI* 4 RII?

sin 2 y

L7820 ., 0% sin 2 7
sin 2 @

1 = RI* +RII® , . .
esin2g esm2gp

+ TI (9]

This is the same expression as obtained by Blut (¢) for isotropic
media.

SPECTAL CASES.

In the following, the above formulae would be specialised for a
few interesting cases, which occur frequently in nature.

(1) Pree Surface.

Here the density and the velocities would practically vanish in
medium II. Setting this in Eq. [7], [8] etc. one gets:

Vi1 ¥ e COS B V22 Ve c0S fra
1 = RI? RII* . (10]
VeV r cos ﬂe + V2V cOS ﬂe

(2) Incidence against a liquid.

The following changes would be made for an incident longitudinal

wave:
Va=Va, Vie=Var=0, far =96,

V2.V, cos ﬂrl

[’znzl’g COS ﬂrz le.Vg UOS(SQ*
2 2
Vot cos o T P + II

V2 Va2 COS fe V2. cos Be 0 L11]
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and:

Vi1 €08 fir1 €082 (Be — @) | 17y Vrz COS frz COS? (B — @)

= RI* - i
Ve cos fe cos? (Brn—p*) Ve cos Be cos? (fra — y)

I 0*Va cos § cos? (B — @)
oVe.cos

[11a]

(3) If the medium I be liquid, then the following substitutions are to
be made,

ﬂn:})o, V:2=Vr3=0, V51=Vr1=Vu=V¢,

to obtain:
0*V?2%3 V, cos fa € e e
1 — 2 g &~ ¢ TR IME § L3 S Mt 2
R+ T1 oV3% Varcos g +T Ve Varcosgp’ [12]
and [12a]
|- RIt 4 TP 0*V a1 €OS par + T 0% Vai cos fa
o V. cos @ cos? (Ba1— ) V.cos @ cos? (fa; — 1)
' 4 ' 1

(4) One of the media: solid isotropic.

(a) Let the medium I be isotropic solid. With the coincidence of
the ray direction with the wave normal, one gets for the incident P-wave:

* T2
+ Tz s - F— + TII 4 VM 003‘312

1 = RI* + RII* S —————
+ oVeVacos g Ve Vaz cos @

(13]

sin 2 @

and for incident S-wave:

*
OV w008 fur | prpie - e (g

1=RI* — = + RII* + TI*
@ + + oVeVarcos o oVeVacose

sin 2
() If the medium II be isotropic solid, one would get for the
incident P-wave:
2 Vr2 €08 Bz cos? (fe — @)
Ve cos f.cos? (Bn—¢*) Ve cos e cos? (fra — )

0*Va1 cos d cos? (. — ) L TIIe 0*Vaz cos ) cos? (B — )
oV.cos . oVecos f.

rrs Vri 008 fru 008 (B —g) | By

TI?

There would be more simplifications in the formulae, if the sym-
metry axes coincide with the normal to the boundary surface, as then
the angle of reflexion of the P (8) waves would be equal to that of
the incident P (S) waves.
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THE ENERGY FLUX: CALCULATION FROM THE POTENTIAL ENERGY.

As mentioned above the energy flux can be calculated from Eq. [2].
For the energy ratios one needs to consider only the normal component

of the energy flux.
For the transversely isotropic media, the elastic potential function

is given by (*)):
2 W = A (6% + €yy) + C €% + 2 F (622 + €yy) €22 +

(15]
+ 2 (A —2 JV) €zz Cyy + L (ezyz -+ U'zz) + N
The stress tensor needed is further:
W
T =3 - [15a]
The equations [15], [15a], and [2] yield:
(a) Arbitrary Orientation of the Symmetry Axes;
Incident wave of I or II type:
F w? G2¢ f — a
i 2 1
£ 9V M) [gx (a, @) (p sin? a + qx cos a sin 2 ¢ +
+ 2L rax 8in a cos 2 @) + 2 fr (@, @) cos a (p sin? a sin? p+ssin?a— [16)
—qesin?p + Lroxsinasin2¢) + 20 (V2 — L)} sin? 0 =
w? G2 . 2(zvsinoz—}—zcosaz
5V, Ni(a) R (a, @) sin? ! - —_—
With the introduction of the following abbreviations:
P = (L+F)(4—F) + (4—L)(C—F),
‘g = (C—F) (L—oV3),
Yar = F + oVi — (A+F) sin*q,
8 = F(L+4F) — C(4—L),
gela, ) = (L+F) sin2a cosp + 2 (A—L sin* a + L—pV}) sin ¢,

fe(a,9) = (L+F)sin acosasing + (L—A sin?a—L+ oV?}) cos ¢,
Re (a, ) = the expression in the brackets, with k¥ = 1, 2 according
to the wave type.
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The energy flux normal to the boundary surface must be conti-
nuous, otherwise the energy density would change there enormously.
One would get then:

_ ppe VBB, @) N¥a) . V Bu(y, ) N*(a)
=Ry ke M) T VRN T a8
g VBB 00 M@)oV Rin, 0% V(@)
ViR 30V R ) X0

with the incident flux as unit.

SPECIAL CASES.

The above equations would be simplified to some extent, if they
are specialised for some cases, which occur in nature. As before the
following specialisations may be suggested:

(1) Free Swurface.

In this case all terms containing the transmission coefficients vanish
identically in Eq.[18]. That is, one can set T'I and TII equal to zero
there to get the required expression. In other words [18] would not
consist of its second row here.

(2) Incidence against a liquid.

Since the liquids can be considered to be isotropic media where
P-waves only can exist, one would have:

p*) = 2 A¥cos? y , N*2(y) = A*2cos?y ,

and thus the energy equation:

VRi(B, @) Nea) | oo - _
1= PRI RIT -~ —sirrr= v
V. R(a, 90) N*(ﬂ) + Ve R(a, ¢) N*(y) .
2 N*(a) V*V p* [19]
R (a, ®)

where V* is the P-wave velocity in the liquid. If in the solid medium
the symmetry plane coincides with the surface of discontinuity, a = g
and ¢ = 0. Then the above equation becomes:

V Rs(y, 0) N*(a)

= 2 2 L
1= RI?* + RIT Ra,

V Na) p*2V*

4+ TI: |19a)
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with
Ri(a, 0) = (L + F)sintacosa Lrax + C (L —p V)2 —
—scosasin?a (A —Lsin*a + L —p V?) =
= —cos a (a sin*a 4 fsin*a 4 y) =
= —cos a P(a),
with

ax = A (L + F): — C (A — L),
Br=CV:—L)2(4—L)—o V(L + Fy,

Pi(p) = asinte + fsin2e +y-
Now if the medium containing the source is liquid, the energy
equation would be obtained as:

Vempern e aoppp KOs

- . [19b1
(3) There is a simple case, where the symmetry axes in both of

the media coincide with the normal to the boundary surface. In this

case one has simply to put ¢ = ¢* = 0, to get:

Ve N2(a) cos y Pa(y) Ve IN4(a) 008 O P (d)

V2 N2(y) cos a P(a) V* N*2(§) cos a P(a) T

Ve N3(a) cos i Py(n) [20]

ViN*2(n) cos a P(a) ’

1 = RI* 4 RII* LTI

“+ LLL*

with the incident energy flux along the normal to the boundary surface
as a unit.

(4) Isotropic solid medium I.

In the present case ¢ = 0. Further one has to account for the
transition, of the anisotropy to the isotropy, that is:

A=0C=i+2u, FP=A,and L =4.

The source would radiate only pure longitudinal or transversal waves.
For the incident longitudinal wave one would get for example:

— 2 2 T 2
1= RII* + RI sin2a+TI 2V* N*2(d)p V cos a (21]

R,(n ,
2 2 'Y
+ T 2V* N*¥(n)p V cos a
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The case of the incident transversal wave can also be treated similarly.
One can check for himself that all the above equations lead to the same
equation [9], after specialisation to isotropy.

In the above considerations it has been assumed that the angle
of incidence does not exceed the smallest of the critical angles; there
would exist at the most two such angles for the incident wave of the
[ type, and three for the II type. Therefore the time, x— and 2-
factors go into the expressions as:

{xzsina + 2cosa
sin® w \—vT(a)——

This shows that the direction of the energy flux and not its magnitude
remains constant always over the whole boundary surface.

If the angle of incidence exceeds the smallest of the critical angles,
it happens that depending upon the elastic constants at first the sine
of the refracted angle becomes greater than unity and then after a
certain incidence angle it becomes imaginary. In such a case the reflex-
ion and transmission coefficients (amplitudes) RI RII, TI and TII
become complex. The factor containing the time and space turns into

—t + e}\ CoS w (g;l(z)a —t + ¢ exp (—zcos a/V),

n o {@ sin a
\ V()
where ¢ is the phase difference.

This shows quite clearly that the energy of such a wave is bound
with the boundary surface; it decays exponentially with the distance
from the surface. The direction of the flux depends upon the time as
well as the position on the surface. At a given place it changes its
sign every quarter of a period and for a given time it changes its sign
every quarter of the wave length along the boundary surface. If the
energy flux is integrated over a full period, it would vanish identi-
cally. The behaviour of the energy flux in anisotropic media has been
investigated by Synge (5) and Ossipov (7). Tooley et al. (}) come to the
conclusion, while investigating the same for the isotropic media, that
the Knott’s equations guarantee the continuity of the net and momen-
tory energy flux within the smallest critical angle, but if it is
exceeded, it is necessary that the imaginary and the real parts of the
equation must be fulfilled for the continuity of the momentory flux.
The same can be extended to the anisotropic media.
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THE CALCULATED RESULTS.

In the following figures (2-12) the energy ratios of the different
derived waves are presented. The incident wave is of I type,
that is the quasilongitudinal wave. They are represented as functions
of the ray direction and the wave normals. The tables are not reprod-
uced here due to their huge volume. The energy ratios for the same
media as in the last article have been calcultated. They are also a
very useful check on the correctness of the formulae derived above for
the amplitude and energy ratios. The energy ratios of the derived waves
add together to unity with an accuracy up to the ninth decimal place.
The results were obtained through the computer Telefunken TR 4,
which produces results up to the tenth decimal place with the
rounding off error in the last.

Fig. 2 shows the energy ratios of zinc/beryl, along with three
hypothetical isotropic media, having some of the elastic constants
common with those of zinc and beryl. These isotropic media have the
following elastic constants:

case : A = ¢ =143 ,L = 4.0(A=C=A+2pu, L=y, F=))
A* = C* _ 23.63,L* = 6.53

case 2: A =C = 143,L = 5.5
A*¥ = 0* = 26.94,L* = 10.165

case 3: 4 =C = 5.0,L = 0.8
A* _ (0* — 23.63,L* = 8.51

zine: A = 14.3,C = 5.0, F = 3.3, L = 4.0
beryl: A = 26.94, C = 23.63, F = 6.61, L — 6.53

(the numbers on the curves in the figure refer to these cases).

The densities in the I and IT medium were always the same, that is
7.1 and 2.7 gr/em? respectively. All the constants are in 10 dynes/cm?.



316 GUL A AHMAD

From the figure it can be seen clearly, what a difference the devia-
tion from the isotropy in the media produces on the energy distribution
in the derived waves: a maximum in 72 is not present at all in the iso-
tropic media.

Fig. 3 represents ice against schists. It shows that the refracted
wave of I type is the major carrier of energy as in the isotropy.
In Fig. 4 is represented a media-combination, where no critical angle
exists. It can be seen that here also the refracted wave of I type carries
the major part of the incident energy. It demonstrates further that in
the range of 35°-45° (wave normals) or 40°-60° (ray direction) the
reflected wave of I type and the refracted wave of II type are
almost non-existent. This means that in the overlying medium (I)
the reflected wave of II type only can be recorded in the said range of
the incident angles. A very similar case is reproduced in Fig. 5, where
the critical angle is 90°. Fig. 6 displays an interesting case, where medium
I is isotrope with the elastic constants approximating those of the up-
per crust, while the underlying medium is anisotrope, where the velo-
city of the P-waves in the horizontal direction is about 13°/, higher than
that in the vertical. It can be seen from the figure, that only near
the critical angle (about 64°) some of the energy is sent back. Fig. 7
represents media, which are anisotrope owing to the alternate layering
of the sandstones and limestones (°). Here the energy in the re-
fracted wave of II typeis so small thatit is not drawn in the figure.

In the last five diagrams is shown the influence of varying the
different elastic parameters 4*, p*/p, C*/C, F*/F, and L*/L on the
energy distribution. It is worthwhile to notice that the critical angle
changes only with 4* and the density ratio.

For the time being the results have been presented for the incident
wave of I type, up to the smallest critical angle. It is intended to ex-
tend them to all the angles (as well as to the wave of II type), owing
to their significance for the wide angle reflexions.
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.
letereceerina,

Fig. 2 — Energy ratios as function of wave normal direction (above) and
ray direction (below) for zinc/beryl. The dotted curves are for the isotropic
media. For explanation see text.
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Fig. 3 — The energy ratios for ice/schists.

Ice: 0 =0.917, 4 = 1.36, C = 1.46, F = 0.52, L = 0.32 in 10" dynes/cm?
Schists: o = 2.74, 4 = 9,06, C = 741, F =239, L. =221 » »
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Fig. 4 — Energy ratios for:—p = 2.64, o* = 3.014, 4 = 4, 4* =2, C = 2.71,
O*=8.15, F=1.07, F¥*=2.63, L = 0.81, L* = 2.43 in 10t dynes/cm?
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Fig. 6 — Energy ratios for medium I, being isotrope.
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Fig. 7 — Energy ratios for: — o = 2.4, o* = 2.6 grfcm?®, 4 = 3.36, 4* = 6.25,
C=246,C* =457, F=0.97F*=1.74,L, = 0.74, L*¥ = 1.40in 10" dynes/cm?
T2 is not drawn due to its negligible energy ratio.
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Fig. 8a - Energy ratios: the constants are the same as in Fig. 4, excepting
A*, which is shown on the curves.

3



GU . A AHMAD

Fig. 8b - The energy ratios (for text, see Fig. 8a).
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P =264  grszem3
A =369 A'=9,966" 7
= C*= 8,151
/C-i =%ggg F*= 2629 107 dyn/cm?
L =0814 L*=243]

“(b)

30 p2

Fig. 9 — The energy ratios.

Influence of varying the density ratio p*/p, shown on the curves.



Fig. 10 — Energy ratios. Influence of varying the ratio C*/C.
For the other constants see Fig. 9.
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Fig. 11 — Energy ratios. Influence of varying F*/F.

For the other constants see Fig. 9.
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Fig. 12 — Energy ratios. Influence of varying L*/L.

For the other constants see Fig. 9.
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