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system. Ananev, et al., have recently developed numerical
3,41analysis on the efficiency of a telescopic resonator

However, no tractable results are available for the achieve-

ment of the resonator design due to the nonlinear behavior

of the rate equation and the coupled optical elements of the

system.

In the present research report, we will analyze the

optimum condition for the energy extraction from confocal,

positive branch, unstable resonators for Excimer lasers.

Both cylindrical and spherical mirrors for 2D and 3D gain

elements, respectively, will be investigated. For tractable

results, analysis on simplified systems will be investigated

and compared with the exact numerical results for more real-

istic systems. The geometric-optiCs approximation, which
has been shown to be valid for systems with large Fresnel

nube s5,6 ;i
numbers , will be employed, i.e., the small deviation of

the eigenvalue due to the multipass diffraction loss and the

non-uniform phase profile on the output mirror (within ten

degrees for Fresnel number > 50) will be ignored.

The transverse and horizontal variation of the

forward and backward intensity will be numerically calculat-

ed for the case of constant unsaturated gain. Analytic

results based on the mean-field approximation will be derv-

ed and compared with the numerical results. The beam quali-

ty based on the focusability of the far-field will be ana-

lyzed. Finally, some suggested measurements which provide

system parameters information such as optimal magnification

and maximum output power and the gain/loss are discussed.

There are five appendices In this report including

the computer code.

-2-
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II. THe SYSTER AND THE PROBLEMS

To obtain the energy extraction from a confocal -

unstable resonator, as shown in Figure 1, the intensity

inside the loaded cavity whose gain function is usually

given by a homogeneous broadening should be calculated.

Subjected to the oscillation threshold condition (loss 3

gain), the maximum energy extraction may be obtained by

optimizing system parameters such as reflectivity and magni-

fication. AS shown by the flowchart In Figure 2, our final

goal is to find the resonator efficiency defined by [output

power]/[gain], where the output power is given by .-. .

Paa IoutdS' E1

Here 1out is the output intensity evaluated at z L and is

integrated over the outooupling regime and normalized by S;

dS' - 2 irdr, S- wa 2  for spherical mirrors and dS' - dr, S

= a for cylindrical mirrors.

In general, the output intensity cannot be solved

analytically from the rate equation and hence computer simu-

lation is needed for the resonator efficiency. We note that

the conventional analysis based on P (1 - Mn) Iout over-

simplifies the system and the assumption of a constant Iout

may cause considerable error in the prediction of the energy

extraction. Before showing our new technique for obtaining

resonator efficiency without assuming a constant Iout, we

will address some of the features of a confocal resonator

which are significantly different from those of the Fabry-

-3-
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Gain function: g (r, z)

Loss function:a

Effective reflectivity: Ref 2 R1 Wn

CDimensionality: n z 1 (2D), n 2 (30)

Commnon focus = ML/(M -1)

Threshold condition: Reff exp Eo f2(g dzj ] F1

Rate equations: 1 (g~

z) aF=

r -j-;- (Z Z)- + a)(Z z)-nJF (-2

Figure 1 Schematic diagram of a confocal resonator and key system
equations.
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Figure 2. Schematic diagram for a confocal resonator for an Excimer laser
and the associated Intensity mesh-point map in the bi-directional
(1) and pure amplification (HI) regime.r
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Perot resonators and the factors which cause the complexity

I in our system, as follows:

(1) The spatial non-uniformity of the gain function.

(11) The mirror curvatures which guide the propaga-
tion of the forward (I) and backward (I')
intensity differently.

(iii) The r-dependence of the threshold condition.

(iv) The z-dependence of, the total intensity (I++I- )

!i and their product I I.

(v) The variation of the output intensity in the
transverse coordinate.

We note that in the Rigrod analysis for a Fabry-Perot reso-

nator (with M - 1) most of the above described features are

ruled out, and hence simple expression for the efficiency is

available. Our numerical results of the rate equation will

show features (iv) and (v). It is seen that the spatial

variations of the intensity I-(z) and Iout (r), which are

the essential feature for the confocal resonators, cannot be

ignored, e.g., Equation 113 should be integrated rather than

being multiplied by a constant outcoupling fraction ( -Mn).

-4
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I. ANALYTIC TREATMENT

*For tractable results, we shall first investigate

an analytical expression for the resonator efficiency n.

. Assuming a constant mean-intensity in the gain function, the

! " on-axis threshold condition gives a simple expression for

the resonator efficiency (see Appendix A)

-x -1), [2]
-0 L a L+00

/X 12 ln Reff, [3)

where we have introduced an effective reflectivity R -off-nth
R2 M

. R 2 being the reflectivity of the output mirror (for

R 1) and M the magnification of the confocal resonator

with dimension parameter n - 1 for 2D (cylindrical) and n -

2 for 3D (spherical) mirrors. The important feature of the

above generalized expression is twofold:

e For a Fabry-Perot system, M - 1 Equation [2)
reduces to the Rigrod results; and

e For a confocal resonator with M > 1, Equation
-- [2) provides a new expression which fits the

numerical results better than those of conven-
tignal expression with a coupling fraction (1 -

M )

The maximum efficiency (n*) may be calculated by

the optimizing condition dn/dX - 0,

"N -
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0  (1 - )

with the associated optimal value

~ ~. Xopt 0  - ) £5]

where D - (g L/a L) is the unsaturated gain and loss ratio.

Some of the salient features of the above analytic expres-

sions are:

(i) As D increases, the maximum efficiency increases
and reaches unit when D approaches infinite;

(ii) In a given reflectivity, say RI  - Ri 1, the
optimal magnification is., from Equition [5),
given by

Mn exp g 1 1 £6)
opt o - ),

which is shifted to the larger value when the total gain of

the system increases for a given internal loss. We should

note that the validity of Equation [4] is limited by the
3

inequality

.632when =1 -0 < [1 - exp - =OL)]/aOL - f2, [7)

Some of the examples are: for D = 10, fl 0.467, we have

f2 0.432 when aL 2; for D - 20, f 0.6, we get ff2  0 1f2
O.632 when a0 L  1. Therefore the maximum energy extraction

-7-,
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of an unstable resonator, is limited by the cavity length

which is In turn limited by the inequality, Equation 173.

For systems with long. active media, the maximum efficiency

is given by the smaller quantity, either for f' We shall
4.1 2

compare the aforementioned features with our numerical re-

0- sults later.
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IV. NUMERICAL RESULTS

The rate equations, (F.2) in Figure 1, subjected to

the steady-state (on-axis) condition will be solved numeri-

cally. Due to the curvatures of the mirror, the forward and

backward fields are propagating differently. We shall in-

vestigate the intensity profiles across the output mirror

* - and the propagation of the forward and backward field. It

will be shown that the transverse variation of the intensity

across the output mirror is mainly caused by the pure ampli-

cation of the forward intensity when It enters regime (II),

as shown in Figure 2. In the following discussion, we shall

consider the situation where Idl/drl<<IdI/dzl and assume a

constant unsaturated gain, I.e., gO - constant. However the

total gain will be strongly z-dependent due to the z-depen-

dent total intensity.

• In order to employ Newton's method, we require an

explicit form of the total Intensity, i.e., the z-dependence

of the gain function must be known. As shown in Appendix B,

in contrast to the planar-mirror system, I,(z) and I_(z) and

their product are strongly dependent on z due to the expan-

-, mion of the backward field, I (z), and the accompanying gain

saturation which in turn affects the z-dependence of the

forward intensity, I+(z). The numerical procedures are

shown in Figure 3 with greater detail shown in Appendix B.

The initial Intensities, I+(z - 0) are solved from the

steady-state condition and the propagation of them gives us

" the on-axis Intensity profiles. The numerical results are

shown In Figure 4.a. The off-axis intensity of the forward

field across the output mirror plane, z - L, is shown in

-77
~1 -9-
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Figure 4.b. It is seen that stronger r-dependence is asso- :
olated with smaller magnification and the Intensity profiles

are almost linearly dependent on the transverse coordinate,

*r. This feature allows us to evaluate the output power,

Equation 11], in a simpler way. For spherical (2D) mirrors,

:; i-:. we obtain

2 -2 3 "3

Sp - wa2 (1 - ) C1 + va3 (1 - H "3 ) C2 /3, 8]

for an output Intensity given by I ou t  C 1 + C2 r. It is

Interesting to see that the above expression reduces to the

; conventional form with a constant outcoupling fraction (1 -

-2H when B-0. We, however, should also note that both A

and B are H-dependent and the actual explicit form of P In

terms of M are not analytically available.
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V. DISCUSSION AND CONCLUSION

We summarize the numerical results in the following

discussions:

() As shown in Figure 5, the efficiency based on
the mean-field approximation (MFA), Equation
[2), over-estimates that of the numerical (ex-
act) results, particularly in the large M re-
gime. Moreover, the maximum efficiency is also
over-estimated by the expression of Equation
[4]. We note that the optimal magnification
based on the near-field Information does not
simultaneously meet the requirement of good beam
quality, i.e., high focusability. To show this,
we also plot the M-dependence of the center

-" intensity of the far-field in Figure 5. We see
:. that high efficiency at lower M and high beam

quality at higher M are two competing factors
which should be optimized.

(ii) The effects of the gain and loss ration, D -
g L/a L on the efficiency profiles are shown in
Flgurl 6. It is easy to see that higher D val-
ues result in higher efficiency and the optimal
magnification is shifted to lower values when D
increases. These features based on the numeri-
cal results may be clearly seen from the approx-
imate expressions Equations [1 and [5].

(iII) In Figure 7, we show the effects of the unsatu-
- rated gain for fixed values of D. It is seen

S"-that the numerically calculated peak efficien-
cies, depending on the gain, deviate slightly

* from those of the approximate expression, Equa-
K ; tion (4], in which n should be independent of

the gain as far as thi D value is fixed. More-
over, the general feature of the optimal magni-
fication which increases as the gain increases
is well described by Equation [5].

; "; -14-
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(iv) In Figure 8, we show the center intensity of the
far-field which, in contrast to the (near-field)
efficiency, is a strongly increasing function of
the gain, for a fixed D value.

(v) To provide some guidance of the optimal design,
we plot the gain and magnification diagram in
Figure 9. For a given magnification, there are
two values of the unsaturated gain which result
In the same efficiency, say 55 percent. Howev-
er, the lower one, g1 , is preferred as far as
pumping is concerned. We note that the maximum
efficiency, n*, may not always be achieved and
Is restricted by the values of H, which is fi-
nite. For example, when g L - 10, efficiency of
55 percent is the most one may achieve. To
achieve a higher efficiency, one may "tune" the
gain to meet the optimal condition for a fixed
magnification or vice versa.

(vi) For the situation that s0o Of the system param-
eters are not well-defined or may not be measur-
ed accurately, the analytic expressions of the
output power and the related optimal condition
are very useful for the analysis of unknown
parameters. For example, the measurements of
the output power at the low H and high M regimes
together with the beam size will provide us the
information of the maximum output power and the
corresponding optimal magnification. For great-
or detail, see Appendix D.
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APPENDIX A

* Efficiency in the Mean-Field Approximation (t4FA):

A Generalized Rigrod Calculation

* .
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As mentioned previously, most of the Rigrod-type calculations ,

for the energy extraction efficiency are based on the constant
intensity product I+.1 constant, which is true only for planar ..9
resonators. For unstable resonators with curved mirrors, both .'"-'

I_ and (I, + I) are strongly Z-dependent as shown in our
numerical results. In the following discussion we shall solve the

rate equation for a telescopic resonator, positive branch, confocal

unstable resonator, within a mean-field approximation(MFA). Analytic

expression for the energy extraction efficiency will be derived and .

the limiting case with MaI (planar resonator) will be compared with

that of the Rigrod's results.

For a resonator with uniform gain distribution in the transverse

direction, the 2-0 rate equation is reduced to the following 1-0 case

-T4. (A.1)

'C# . (A.2) -".-

-(A.-3)_ _

which has the formal solution

7. -S -e (A.5)

where the pre-exponential z-dependence factor is due to the beam

expansion of the backward field in a 2-0 spherical-mirror system.

We readily to see that, from (A.4),(A.5), the intensity product

IT)). )=I, - ) (4.6) (A-.

is z-dependent for M>I, and is a constant for the planar case, M=l.

The associated gain function, for a homogeneous broadening, is given by

t "(A .(..7)

-.. " %. ..

-24- ..- ..-.
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*; We shall now solve the rate equation

subjected to the boundary conditions on the

mirrors with reflectivities R and R

(A.8) A

There are several ways to solve the rate equation, however,

in order to employ the MFA for the total intensity,• we substitute

(A.7) into (A.1) and rearrange it in an integral form

In general, the above equation is not in a s .parated form of z and I

due to the z-dependent C and the I -dependent total intensity. For

analytic form of these integrals, we shall impose the MFA for the

total intensity in the RHS of (A.9), and use the zeroth-order of

the expansion of C in the LHS of (A.9). Since z/Z0 <1l, we may expand

z

Within the MFA,

: ' "r"where we have defined the mean value

Ri. 7K

K t r'e~~ -i 4e

and we have used the boundary conditions in (A.A).

-25-
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Using (A.11) and (A.12), we may calculate the total intensity

in the MFA:

which may be re-written as, by using the steady-state(on axis) condition

(A.14)"+ == " - -4>::i:i

L :." ':":'9J (A. 15)

Within the MFA RHS of (A.9) is given by

,Ms (4 ,- L -4: (A.16) -

We shall now evaluate LHS of (A.9). Using the leading term of

(A.1O), we are able to work out this integral follows:

(A.17)
*.7;

From LHS=RHS, we solve for the intensity on the output mirror, I

- " ~ ~LLfX - ii z (L
T 11; +X(A.18)

,1 - -- 1V. (A.20)

fL (A.21)

WE note that the above expression reduces to that of Rigrod for the , :

case of planar mirrors where M=l, and hence X=-ln(R]R 2 ), with E=O.

We also note that the above new expression for the output intensity

of a telescopic resonator shows its M-dependence through X, fl f2

and 4. These results have not been derived in the literature,

although the high magnifidationcm*with f =1, and C=O, has been

used in Ref. 2,3.
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Knowing the output intensity acrossing the output mirror, I20

we are able to evaluate the output power , from Eq.(l),

*rdr2 rza3 (It'," , (A.22)

where we have used a mean value such that a constant outcoupling

fraction (l-m-2 ) is defined in the above equation. In general 12 is

transverse coordinate dependent and (A.22) needs numerical method.

Substituting (A.18) into (A.22), we may calculate the efficiency

within the MFA and constant outcoupling approximation as follows.

(A.23)

Note that 24F is the first-order correction term resulted from

the expansion of Cz , Eq.(A.10). In the zeroth-order approximation

and when R1-R2 -1, Eq.(A.23) reduces to Eq.(2). Furthermore, as

shown by our numerical results that the output Intensity is only
slightly depending on the transverse coordinate for large M and
a constant out1ouplng( is valid in Eq.(A 22) The overestlmat-

ion of Eq.(3) may be caused by its neglecting the correction term. .

P We finally note that the MFA expression for the efficiency,(A.2) (2),

fits well with the numerical results even for systems with high

gain and loss ratio, within 5 deviation. This is in contrast to

that of the Rigrod's results where the MFA expression deviates from

the numerical results significantly when the gain/loss is large. .

Cp
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:%

We shall now solve the rate equation, (A.1) and (A.2) subjected

S to the steady-state condition. We first should point out that the

direct numerical solving the rate equation by, e.g., Runge-Kutta method

is difficult due to: (i)the boundary conditions in the regime I and. II

and (ii)the intensity dependent gain function. In order to solve the

p rate equation by Newton's method, the explicit form of the gain func-

tion must be known. For this purpose, the total intensity is imposed

as

which is numerically justified and shown to be valid for M <5.

Using (6.1), the gain function is given by

f +,-;?*(5.2)

. which is substituted into the steady-state condition and gives

.To. ~~11L -f) f+ " '..,.
ii (5.3)

where I 0 T1T may be sovled by Newton's method from the above

self-consistent equation.

Given the explicit form of the gainwe are able to work out

the forward and backward intensities, from (A.4) and (A.5),

_.)- "(8.)

Above expressions give the on-axis intensity profiles. For intensity

off-axis, the propagation of the forward field must be treated mote

carefully in the regime where I is absent.

.- !..

• . * . .. % * . . - . ....

ft ft ft ~ , . **. $--'..',.t
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,'_ ...,

As shown in the above figure, in the pure amplification regime(I),
the gain is given by

and solution of the rate equation, (A.. becomes

S (8.7)

where zO is r-dependent and is given by

* (B.8)

(8.7) may be easily worked out and a self-consistent equation is

obtained __(~,

14 +

Again, by employing Newton's method, we are able to solve the

output intensity acrossing the output mirror plane for a/M( r"'a.

The input intensity in (8.9) is given by (8.4) with zz. which is
" now r-dependent.,.,
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W As show in the above figure, the far-field amplitute is given by8

whr ji the first-order Seslfunction. Noting tha [*1)f]P/
as f-P 0, the center intensity of the far-field is given by

U~fso)(C.2)

where I. is the value for moon and we have used the mean output

intensity incident upon the aperture

T.'+

(C.3)

We note that Iou depends on M and the outcoupling fraction

(I-C2)is an increasing function of M, therfore, their produt,
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Ic has a maximun value at the optimal magnification which is shifted

to larger value compared with that of the near-field efficiency. For

the purpose of maximun extraction energy as well as high focusability,

we shall re-define an efficiency based on the far-field energy rather

than the near-field output power as discussed previously.

The new efficiency based on the far-field intensity is defined as

(C.4)

where E is the center-ring energy of the far-field given by
,1

C' (C.5)

and I(f) is the far-field intensity given by IUI in Eq. (C.l).

We note that in an unloaded resonator E1 increases as M increases,

however, for a loaded resonator the energy extraction is saturated
-: ..,by the gain/loss and competing with the outcoupling ?ration (1-M 2 ) '.

Therefore,to perform a resonator with high energy extraction effici-

ency as well as high focusability, we shall choose an optimal magnif-

ication which is larger for larger gain systems.

.4

*~ .7
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APPENDIX D

Analysis of the Unknown Parameters via the

Measurements of Output Power and Beau Area

.

-34

4%

-'p, -



*. ° . -

Due to the high cost of the mirror, particularly

for large aperture systems, it is highly unlikely that we

may change the system magnification continuously to obtain

the optimal condition. Therefore it is highly desirable to

estimate the optimal magnification by some of the measurable
laser parameters. In the following discussion, we shall

suggest some possible procedures of determining the unknown

parameters by some of the measurements.

, From Equation C3), we readily see that experimental
measurements of the gain and loss shall enable us to evalu-

ate the optimal magnification. However, when the measure-

ments of the gain and loss are inconvenient or inaccurate,

there Is an alternative to evaluate them. To demonstrate

this mathematically, we combine the expressions of Equations

C3) and C43 to find the output power

P -Al n oL AIX" --Pout 300 s X 0 3D.1 +

- As shown in Figure D, the output power has slopes mI and m

. at the low X and high X, respectively, given by

i ' m1  
=  AIX 0 /(a0 L), [D.2a] - -

, "~..,

m Al5 , AD.2b]
2 V.

, where X (g " a )L is the value at the oscillation thres-
0 g0  s0)

* - hold, A and I are the beam area and the saturation intensi-

ty at which g - g0 /2. For Equation [D.2b], we see that

: L -35-
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measurement of A together wihthe slp m2 defined by the

threshold value X 0 and the measurement of the output power

closes to that, enables us to determine I From the mea-

sured slope ml, X0 , A and the calculated I, we then may

calculate the loss which, from the relation X (go - ot

gives the gain. Knowing the gain and loss, we finally may

evaluate the maximum efficiency and the corresponding opti-

mal magnification from Equations 13] and [4].
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10 C 4 '**"* PIND THE OPTIMAL MAGNIFICATION FOR UNSTABLE RESONATOR ***
11 C **e* EXTRACTION EFFICIJNCY. /RE.POR/ J.T. LIN 2-10-84 *4*

12 C**** IN THIS PROGRAM GAIN.GL (Z, 0), WITHOUT R-DEPEIDZNCR ****
14 C-'*- RATE EQUATION IS l-D BUT ALLOW INTENSITY IwI(T,R) * Ha
20 * ' EZACT(YE), RIGR0D(YRS, COATED SYS.(YC), CENTER FAR-FIELD(YF)-

30 IMPLICIT REAL*4(A-H,0-W,Z)
40 DIMENSION YT(2),ZM1(201),D!2C201),!C(201),Th(201),YR(201),YP(2o1)
50 LOGICAL ERROR
60 EXTERNAL P, ,GT
70 COMMON I,GL,AL,X,R1,R2,nl,A,R,TT
80 TYPE','USTER GL,AL,fl,DN,INm 5,O.25,1.#2.95,100'
90 READ(5,55) GL,AL,ZR,Dir,NN

100 55 PORMAT(4G,I)
110 C INPUT PARAMETERS: R1,2(REFLECT) , XL(CATT LENGTH), A(OUTPUT MIRROR RADIU,

10 C R(POBITIOI IN VERTICAL), flI(MAGNIF), (GL,AL)=(GAIN,LOSS)
130 C DIMENSION OP TIE RESONATOR GIVEN BY XX Xfn.1(2D) XNn2(3D)
135 C .... refelotivity of the output lenses at 193 unm wave (RX)
136 R1.0.04

*140 11-ZR
150 RU.1.
160 a ...... ncavity length only affects M* but not efficiency, here,
162 a ..... s ye e reduce ~by a factor of 100. to avoid undrflov....
170 ThaI.
ISO A*l.5
190 X11.2.
200 DN*DN/PLOAT (EN)
201 C*****"ABOTE RE GIVES THE HIGHEST RANGE OP ZR, FROM 1 TO (RN. ) (3. 953TC)

* .210 NPTU'.NN+1-
220 DO 40 K.1,MS!
230 X1.1.05 + PL0AT(Z-1)DM
240 DO 33 1.1,2
250 R.A*(FI0A(1-1)*(ZK-.).1.)/XN
260*-a 2 .0.. initial values for Newton method xut. &5. for?!T & GT
270 XM.O
290 CALL NZVTON(X,FT,ERROR)

*300 C ....... above result of I will be used an the input intensity in GT
310 YTOZ
320 X=5.
330 CALL MTEVTON(X,GT,ERROR)
340 YT(I).Z
350 33 CONTINUE
360 CR1.1. - 1./ZR
370 CR2.1. - 1 ./X1**2
380 CR3. .-1 **
385 a ....... ouput intensity approx. by linear fuct betvwen yt(1) &yt(2)-
386 C .......on-axis intensity (TIC)-YT(1) ...........
387 YICuYT(1)
390 CB.(YT (2)-YT(1))/(CR1*A)
400 CAmY(2) - CB*A
410 C THE RESONATOR IPPIC1IRNCES WILL BE NORMALIZED BY GL*A 04ZN FOR 1&2D(ZN. , 2)
420 RIGRODu(GL/ AL +O.5*ZNf*ALOG(XM/SQRT(ZR))) - 1.)
430 RD1.(GL/ (AL ..0.5*AZOG(DI)) - 1.)1.
432 a..to oompare exact(TI), Ritrod(YR), ooated(YC), far field int(YF)
440 YE(K)a(CA*cR2 +o (2.CICA/3.)C3)/GL

*1' ~450 Th(K).0.5*XN*ALOG(IR/SQRT(XR))*RIGROD/GL
452 C..find far-field center intensity, with mean int.(EA) ..
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453 ZUsCA+0.5*CB*A*( 1.i./DI)
455 !7(EOUlA*CX2*.2 /G

* 470 Dcl (X).ZN
480 40 CONINUZ
490 CALL PLOTP'Z(XiI,Yl, M S)
500 CALL PLOPltX1 ,!R,XP28)
504 CALL PLO!P! DI ,!PNP!S)
510 END
520 C4***** EZ!UNAL FUNCTIONS --530 FUNCTION fl(X,PX,DFZ)
540 CONNKOR ZX,GL,AL,XK,RI ,f2,]Z,A,R,YT
550 Clu2.*X 1I.

*560 C2s2.*X*ZR + 1.
570 FISALOG(114Cl/C2)
580 P2-((XDip1)/(2.*XI*GL))*(GL-AL-0.5*ALOG(XN*.ZN/(R1.t2)))
590 PluX - P2/1
600 Dfl - (P2/P1**2)*(DIK.I.)/(C14C2)
610 22URSU
620 END
630 C

................ CMMOIGZALXDPZ) R2,XL,A,R,1TweeIraku
655 C ... find intensity I(forvar4) in regimeweeu.ak ....
660 Z*ZKKZL/ (Z-I.)
670 BL=Z*(R/A - 1./Dc)
680 ZZWuLj-ff
690 YIO(I.-Z/(Z*(2.yr..1.)) 4*(2.*YTT*GL/XL)
7900 ?a8QRM(R2 )*.flrg((GL.AZI.ZZ/zL)*y
710 GI a(GL-APAq)/GL-AL-AL*T)

720 P~Z.ALO (X(/Y) (GL-AL)(/Lrd /L)AO(ASG)
730 D1Zu1./ X + GL/(GI*(GL-AL..AL*Y))
740 R32JU
750 END
760 C***4p 770 SIOIRE NRVON(X,IWNC,NU0R)
IS0 COMMO U3,GL,ALZ,11,,R2,]L,A,R,TY
790 LOGICAL EROR
S00 fRRu.IALS3.
810 !OLsl.03-4
820 NAXuSO
830 DO 20 1.1 ,NAX
840 1101
850 CALL PUC(Z,PXDPX)

- 860 IP(DPX SZQ. 0.0) GO!0 99y
870 DXSfl/Dfl

890 IP(A38(DX) .LE. ABS(Z*!OL)) GOT0 30
900 20 CONTINUE P*910 ARRORS.flTR.
920 30 REV2l
930 99 RR0R=.!RUN.
940 REU2N

-40'-

-7P.



-27-

FILMED

11-84

DTIC


