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MASS-FLOW RATES AND TOTAL-PRESSURE RECOVERIES
FOR A SEMICIRCULAR OPEN-NOSE INLET
AT MACH 6

By John S. Dennard and Lillian R. Boney
Langley Research Center

SUMMARY

An all-internal-compression inlet has been tested in a Mach 6 tunnel. The inlet
was semicircular with provision for radiation cooling over much of the compression
region; boundary-layer bleed was incorporated slightly upstream of the throat. A
FORTRAN IV computer program employing the appropriate shock and characteristic
equations was used to determine the inlet internal aerodynamic flow field. Pressure
distributions in the supersonic diffuser were in good agreement with those predicted by
the method of characteristics. The maximum total pressure in the subsonic diffuser was
18.7 percent of the free-stream total pressure, with a corresponding bleed flow rate of
11.3 percent. Maximum kinetic-energy efficiency was 91.5 percent, a level which is in
the range of interest of practical engine applications.

INTRODUCTION

The use of air-breathing engines in the hypersonic flow regime is being seriously
considered because of the high theoretical specific impulse. Only chemical rockets have
previously been used in the hypersonic flow regime. The inlet which supplies air to a
hypersonic air-breathing engine will be required to operate at very high altitudes and
velocities. Temperatures will reach very high values on leading edges and in regions

such as the throat where the cross-sectional area is restricted and high pressures occur.

Thus, the conventional requirements of high-pressure recovery and low drag are com-
pounded by the cooling requirements in hypersonic atmospheric flight.

Two-dimensional all-internal-compression inlets have been tested and reported for
Mach numbers from 1 to 6 in reference 1, for Mach numbers from 1.6 to 4.1 in refer-
ence 2, and for Mach number 6.9 in reference 3. In reference 4 is presented results of
a three-dimensional axially symmetric all-internal-compression inlet tested at Mach
number 5. Boundary-layer bleed flow rates for these investigations range between 5 and
30 percent of the total inlet mass flow. Results of reference 1 indicate that the



supersonic boundary-layer growth and large wetted areas are major problems in
achieving high-pressure recovery in two-dimensional inlets and that the large wetted
areas also present a major cooling problem for the internal surfaces of the inlet.

The internal flow performance of a three-dimensional semicircular inlet designed
for radiation cooling throughout most of the compression region is discussed in the pres-
ent paper. The inlet has essentially zero wave drag, and compared with other inlets, has
a small wetted-area throat which is suitable for a simple wall-cooling arrangement. It
can be incorporated in an engine pod or integrated with the airframe. A computer pro-
gram written in FORTRAN IV language to determine the supersonic rotational flow field
by the three-dimensional method of characteristics with the appropriate shock equations
was used in designing the inlet. The computer program is written in two parts and is
presented as an appendix. Data included are longitudinal static-pressure profiles
throughout the inlet and subsonic diffuser, total-pressure recovery in the subsonic dif-

fuser, and mass-flow ratios.

SYMBOLS
Moo free-stream Mach number
w mass-flow rate, kilograms/second (measured by calibrated plug-venturi)
W oo free-stream mass-flow rate in a cross-sectional area equal to frontal area

of inlet lips, kilograms/second

o) static pressure, new’cons/meter2

Pt total pressure, newtons/meter2

p_t average total pressure, newtons/meter?
pt,oo free-stream total pressure, newtons/meter2
R radius, centimeters

X distance from inlet lip, meters




v ratio of specific heats

Mk kinetic-energy efficiency, 1 -

APPARATUS AND MODELS

Apparatus

The tests were run in the Langley 20-inch Mach 6 tunnel, which is described in
reference 5. The free-stream total temperature is 4559 K (820° R) and the total pres-
sure is 2655 kilonewtons per square meter. The test Reynolds number per meter is
24.58 % 106, The unit Reynolds number per meter at Mach 6 and 24 384 meters altitude
is 5.5 x 106, Thus, an inlet 0.47 meter in diameter at 24 384 meters altitude would have
a Reynolds number equivalent to the test Reynolds number. Photographs of the basic
model are presented in figures 1 and 2, and a sketch is presented in figure 3(a). The
model features all-internal compression, radiation cooling, boundary-layer bleed, and a
subsonic diffuser having an area ratio of 3.22 and an equivalent half-angle of 3°. The
aerodynamic design was chosen after a study of several possible inviscid designs was
made. The supersonic diffuser is conical and has a half-angle of 9°. This design angle
was chosen as a reasonable compromise between an isentropic inlet, which has excessive
length coupled with ideal pressure recovery, and a steeper initial angle, which provides
a desirable structural form but has poor aerodynamic characteristics. The estimated
boundary-layer growth effectively increased the inviscid 9° half-angle to 9.126°; this
value was used as a basis for a final set of inviscid calculations. The inlet was designed
by using a computer program written in FORTRAN IV language to compute the super-
sonic rotational flow field by the three-dimensional method of characteristics. The
FORTRAN program is an essential feature of the investigations, inasmuch as accurate
and rapid calculations of such features as the curved shocks and the inviscid total-
pressure recovery are not easily made by hand. Therefore, for the use of other investi-
gators, the program is included herein as an appendix. The computer program indicates
that the shock from the inlet lip intersects the model center line at station 14.72 centi-
meters, a point slightly upstream of the apex of a large notch in the flat side of the inlet.
Starting the supersonic flow through the inlet is accomplished by opening a flap built into
the flat lower surface of the model upstream of the boundary-layer bleed. Figure 2 is a
photograph of the model with the starting flap opened.



The conical compression surface of the basic model is split to form a semicircular
inlet and a flat plate is secured to the open side. The flat plate is notched in a symmet-
rical V-shape for a distance of 14.801 centimeters from the leading edge to provide an
opening for radiation cooling of a large portion of the compression surface. (See fig. 1.)
The notch does not affect the theoretical three-dimensional flow except at the apex, where
the theoretical internal shock becomes a normal shock; a small amount of spillage is
expectied to occur at that point,

At station 20.927 centimeters, a boundary-layer-bleed scoop approximately
0.061 centimeter high surrounds the internal flow passage and the bleed air exits through
the flat-plate side of the model. The Mach number at the edge of the boundary layer is
estimated to be 3.10 at this station. Mass-flow integrations of the boundary-layer flow
indicate that the bleed mass flow is 8.7 percent of the total mass flow.

The flow undergoes an additional conical compression downstream of the bleed sta-
tion to the throat, where the Mach number is reduced to 2.95 and the total-pressure ratio
is 0.727. The throat length is 5.31 times the initial throat radius and the throat expands
at an equivalent conical half-angle of 0.50 to allow for boundary-layer growth. A normal
(or terminal) shock at the throat should reduce the Mach number to 0.478 and the total-
pressure ratio to 0.249.

The subsonic diffuser further reduces the Mach number to 0.115. At this low Mach
number, the static pressure and the total pressure have almost the same value; 0.247 and
0.249 times the free-stream total pressufe, respectively. The static-pressure rise is
113.31 times the free-stream static pressure. A transition from a semicircular to a
circular duct is located in the duct downstream of the diffuser, and a combination plug-
venturi is provided for mass-flow measurement and shock-position control.

Static pressures are measured at orifices located in a longitudinal row on the model
from the inlet lip to the diffuser-measuring station. The diffuser is considered to be
divided by concentric semicircles into 12 sections equal in area. One tube is placed in
each of the 12 sections midway between the semicircles to measure the total-pressure
recovery. A schlieren system is employed to determine visually when starting occurs
and to see the flow disturbances occurring at the bleed flow exits.

The area distribution within the model is presented in figure 4. The capture area
is 43.89 square centimeters and the length of the initial supersonic compression region
(fig. 3(a)) is 20.927 centimeters, with a downstream area of 6.11 square centimeters at
the boundary-layer-bleed station.

The minimum throat area is 4.19 square centimeters at station 26.327 centimeters;
the area increases gradually to 4.77 square centimeters at station 35.334 centimeters.
Downstream of this point, the area increases to 15,35 square centimeters in the subsonic



diffuser. There are no struts or steps in the internal flow passages other than the
boundary-layer-bleed slot; changes in the slope of the area curve are all moderate.

Models

A few preliminary runs of the basic configuration (fig. 3(a)) showed that the model
throat was choked, that a shock was standing in the supersonic diffuser, and that air was
spilling from the apex of the V-shaped notch. In order to increase the bleed mass flow
and relieve the choking, the basic configuration was modified several different ways to
make four new configurations.

The modifications which produced configuration I involved three changes of the
basic configuration: the flap was shortened by 1.27 centimeters; the approach to the
boundary-layer-bleed slot was cut away at a 15° angle starting at station 19.812 centi-
meters; and the size of the bleed exits was doubled and two new bleed exits 2.54 centi-
meters long were made adjacent to the opening at the flap trailing edge. A sketch of con-
figuration I is shown in figure 3(b).

Configuration II was formed by rounding the approach to the boundary-layer-bleed
slot to a radius of 5.08 millimeters and thus reducing the effective size of the bleed flow
slot. This modification, which was accomplished by placing a new insert at the entrance
to the bleed slot, was made in an attempt to decrease the strength of the expansion
entering the throat. At the same time, the downstream edge of the boundary-layer-bleed
slot was notched to break up any shock concentrations within the throat. This configura-
tion is shown in figure 3(c).

Two additional modifications were made to reduce the boundary-layer thickness
and the extension of the normal shock into the subsonic diffuser. The bleed exits were
further enlarged by cutting them 1.91 centimeters farther forward and perforating the
throat with 10 holes 1.59 millimeters in diameter. A sketch of this model, designated
configuration III, is shown in figure 3(d).

Configuration IV was made by closing the throat bleed holes and doubling the size
of the serrations at the downstream edge of the boundary-layer-bleed slot. A sketch is
shown in figure 3(e).

The semicircular model used in the present investigation is not suitable for simple
variable-geometry configurations. Therefore, the tests were made with all the compon-
ent parts except the starting flap and the exit plug in a fixed position.



RESULTS AND DISCUSSION

Static-Pressure Distributions

The theoretical static-pressure distribution is presented in figure 5(a), and the
modified experimental pressure distributions for configuration I are presented in fig-
ure 5(b). Each curve represents a different setting of the area at the plug-venturi.
Upstream of the bleed station, the predicted and measured pressures are in good agree-
ment. Downstream of the bleed station, however, the measured pressures indicate a
pressure drop which probably originates as an expansion on the cutaway portion of the
flap and the cutaway approach to the boundary-layer-bleed slot. This expansion results
in high Mach numbers and, consequently, in large reductions of total pressure in the ter-
minal shock that follows. This condition should be avoided whenever possible by using
scoops rather than flush slots for boundary-layer removal. The terminal-shock pres-
sure rise is distributed throughout the throat and much of the subsonic diffuser rather
than concentrated in the throat as it should be for maximum recovery. The terminal
shock is followed by subsonic compression to the station at which the total pressure is
measured. At the condition at which the static-pressure rise is a maximum, the bleed
mass-flow rate is 13.3 percent of the capture mass flow. The values of the average total
pressure measured at the end of the subsonic diffuser and the mass-flow ratio as meas-
ured by the plug-venturi are shown in the right-hand margin of the figure. In each case
for comparison, the average-total-pressure ratio is also plotted by using the same sym-
bol that was used for the corresponding static-pressure-ratio curve., Static-pressure
measurements for configuration II are presented in figure 5(c). The results are similar

to those shown in figure 5(b).

Static-pressure measurements for configuration III are presented in figure 5(d).
The static-pressure distributions reveal the strong expansion immediately downstream
of the boundary-layer-bleed slot noted previously in figures 5(b) and 5(c) and terminal-
shock and subsonic-diffuser characteristics similar to those of figures 5(b) and 5(c). The
maximum static pressure is about 1 percent of pt’oo greater than the level obtained for
any previous test condition. This maximum pressure occurs when the terminal shock
originates in the converging duct upstream of the throat. Stable operation at this condi-
tion suggests that most of the boundary layer has been removed by the enlarged bleed
exits, The bleed flow rate, defined by 1 - ;V%, is 2.7 percent greater at the point of
maximum total-pressure recovery than the corresponding rate for configuration II.

Static-pressure distributions for configuration IV are presented in figure 5(e). The
expansion downstream of the boundary-layer bleed is still apparent, but a distributed
pressure rise occurs in the throat region for all flow conditions. The terminal shock is
still extended downstream into the subsonic diffuser, but the maximum. diffuser static
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pressure has increased to 0.183 times the free-stream total pressure and the corre-
sponding bleed mass-flow rate is 4.4 percent below the rate for configuration III. The
terminal shock for maximum total-pressure recovery starts slightly upstream of the
throat section but appears to be quite stable in this configuration. This stability indi-
cates that the boundary layer has been effectively removed.

Total-Pressure Ratios

Total-pressure-ratio distributions within the constant-area duct downstream of the
subsonic diffuser are presented in figure 6. Lines of constant-total-pressure ratio are
mapped at intervals of 0.0010. The more constant-total-pressure distributions occur for
the critical and subcritical operating conditions (i.e., the terminal shock at the throat or
upstream of the throat, respectively), while large total-pressure gradients exist for
extreme supercritical operating conditions (i.e., terminal shock downstream of the
throat). These large total-pressure gradients resulted because the normal shock was in
a region of high velocities where thick boundary layers with lambda-type shocks would
be likely to exist. These shocks extend into the constant-area duct downstream of the
subsonic diffuser. The results of this shock extension may be seen in the static-pressure
distributions presented in figure 5.

The variation of total-pressure ratio with mass-flow ratio is presented in figure 7.
These data are similar for all four configurations in that none of them have any useful
subcritical flow regions for the normal, closed-flap mode of operation. This character-
istic is typical of internal-compression inlets. Configuration IV with large serrations
on the downstream side of the bleed flow slots provides the peak total-pressure recovery
of 0.187 (design value is 0.249) at a value of the mass-flow ratio of 0.887. This mass-
flow ratio corresponds to a bleed mass-flow rate of 11.3 percent, which is 2.6 percent
larger than the design value of 8.7 percent because of the enlarged bleed flow entrance
and exit areas. Although the total-pressure recovery and mass-flow ratio drop sharply
for subcritical operation with the flap closed, opening the flap slightly permits excess
mass flow to bypass the throat and the dashed-line portion of the curve results. Opening
the flap improves the total-pressure recovery because the position of the normal shock
can be located in the region near the boundary-layer-bleed slot rather than the higher
Mach number region near the apex of the V-shaped notch. The results obtained from
configuration IV indicate that the mass-flow rate may be reduced to a level of about
60 percent, while the total-pressure ratio is reduced only about 1.5 percent. Similar
stable subcritical-mass-flow operation is reported in reference 6 for a fixed-geometry
asymmetric inlet operating at Mach number 3.85. The inlet of reference 6 at several
angles of attack also provided mass-flow and pressure-recovery performance character-
istics superior to those of axially symmetric inlets. It is believed that the inlet of the



present investigation would have similar performance characteristics at a nonzero angle
of attack because both inlets have increasing frontal areas as the angle of attack is

increased.

Although the inlet of the present investigation was designed with a subsonic dif-
fuser, similar inlets may be used to supply air to supersonic combustion ramjets, Sur-
veys were attempted at the throat to determine the recovery and to compare the experi-
mental and theoretical flow conditions. In every attempt, the rake choked the throat and
endeavors to start the flow destroyed the rake, Despite these discouraging results, the
excellent correlation of static pressures in the supersonic diffuser indicates that the flow
up to the throat behaved as theoretically predicted. The distributed static-pressure rise
in the subsonic diffuser probably is a primary cause of the discrepancy between predicted
and experimental total pressures. Thus, this type of inlet would probably be satisfactory
for supplying air to a supersonic combustion ramjet.

Kinetic-Energy Efficiency

The pressure recovery data of figure 7 are presented in figure 8 in the form of the
variation of kinetic-energy efficiency with mass-flow ratio. The maximum value of 7
is 0.915. This value is 0.017 less than the design value of 0.932. Reducing the mass flow
by opening the flap and spilling 30 percent of the flow reduces the value of 7, to 0.909,

a reduction of only 0.006. These experimental values of kinetic-energy efficiency are
considered to be within the range of interest for practical engine applications.

Design-point recoveries and efficiencies were not obtained because expansion waves
generated at the boundary-layer-bleed slot increased the local Mach numbers and shock
losses at the throat.

SUMMARY OF RESULTS

An investigation of a semicircular all-internal-compression inlet has been made at
a Mach number of 6. The inlet was designed by using a computer program written in
FORTRAN language; the program employed the three-dimensional method of character-
istics. The investigation indicated the following results:

1. The experimental pressures in the supersonic diffuser were in good agreement
with those predicted by the method of characteristics.

2. The terminal shock was distributed throughout the throat region and much of the
subsonic diffuser.



3. The terminal shock originated in the converging duct upstream of the throat.
The stability of this flow structure indicated that the boundary layer had been effectively
removed.

4. The maximum total-pressure recovery of 0.187, which was 0.062 less than the
design value of 0.249, occurred with a boundary-layer bleed mass-flow rate of
11.3 percent.

5. Subcritical mass-flow rates of 60 percent were achieved with a decrease of only
1.5 percent in total-pressure recovery.

6. The maximum value of kinetic-energy efficiency was 0.915, a value which was
0.017 less than the design value. This value is considered to be in the range of interest
for practical engine applications.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., November 30, 1965.



APPENDIX
PROGRAM FOR SUPERSONIC DIFFUSER FLOW FIELD

A computer program has been written in FORTRAN IV language (ref. 7) in two
parts to determine the flow field within the supersonic diffuser. The three-dimensional
method of characteristics with the appropriate shock equations is used. The application
of the method of characteristics to supersonic rotational flow is described in reference 8.
The upstream flow field is assumed to be uniform with no Mach number or pressure
gradients and the direction of flow is assumed to be parallel to the body axis of symmetry.

The first part of the program defines the initial shock and the flow field between
the initial shock and the reflected shock, as shown in figure A-1. The input data
required are the Mach number, the entropy, the equation defining the wall, the flow deflec-
tion angle on the shock, and the flow deflection angle on the wall. Calculations are made
at the leading edge and along characteristic lines starting at the shock and going upward
to the right until they reach the wall. As the flow field becomes filled and the shock
approaches the center line, characteristic lines of the same family begin to cross each
other at some distance from the shock. The data obtained in this region, of course, are
not usable, but the calculations are made in the region near the shock until a subsonic
Mach number downstream of the shock is reached. If the shock is too steep, subsonic
flow may exist at large radial distances
from the center line and the approxima-
tion for the second part of the program
will not be accurate. For the present

case, subsonic flow exists only within a
radius of 0.0077 times the lip radius and
thus affects only 0.0059 percent of the
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ —- mass flow. Therefore, the effect is con-

Initial shock —"

sidered negligible for these calculations.

The second part of the program
defines the reflected shock and the super-
sonic flow field which follows. The posi-
tion of the reflected shock is first esti-
mated as follows:

1. The first point of the reflected
shock is assumed to be the last computed

Reflected
shock N

(b} Reflected shock and flow region which follows. point (nearest the center Iine) of the

Figure A-1.- Sketch of initial and reflected shocks and associated flow regions. initial shock,
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APPENDIX

2. The flow direction downstream of the reflected shock is assumed to be parallel
to the center line.

3. The flow at the center line ahead of the reflected shock is assumed to be at the
same Mach number, static pressure, and total pressure as the flow at the last computed
point of the initial shock. The region of subsonic flow at the center line downstream of
the initial shock is ignored.

The path of thé reflected shock is estimated on the basis of these assumptions, and equa-
tions are written for the variation of local Mach number M, flow angle 6, and entropy S
with distance from the center line. A term is included in these equations to correct for
slight upstream or downstream deviations of the reflected shock from the predicted path,
The equations used in subroutine subr are as follows:

M = 2.685947 + 0.725327Y + (-17.506468Y2 + 7.870908Y - 0.152477)/2

- (1.6 - 2.857y) X = (¥ +0.7479)
0.277
X - (Y +0.7479)
_ -0.0325 _ 2.795 0.277
Oradians = S0-g478 1657 +0.0424 068
153
g=_193
40-675

where X is the distance downstream of the inlet lip and Y is the radius expressed in
terms of the lip radius. Calculations are made at the intersection of the initial shock
and the center line and along characteristic lines starting at the reflected shock and
going downward to the right until they reach the center line. The calculations are con-
tinued until characteristic lines intersect the center line at a given distance downstream
of the shock.

The printout data of the first part of the program included the following parameters
for each point calculated in the flow field:

X distance downstream of inlet lip, expressed in terms of lip radius
Y radius to point, expressed in terms of lip radius

6 flow angle, degrees

M local Mach number

11



APPENDIX

w ratio of local to limiting velocity

S=R loge%> (where R is the gas constant)
t

b& ratio of local static to free-stream static pressure
1
P-Pq

T static-pressure rise divided by free-stream dynamic pressure
1

The printout data of the second part of the program differ from those of the first
part in that total-pressure and mass-flow parameters are included and static-pressure
ratios are omitted. This change is made to facilitate a mass-weighted integration of the
flow field at the station where the reflected shock intersects the inlet wall, The total-
pressure and mass-flow parameters are as follows:

p
p—t ratio of local total pressure to free-stream total pressure
t,1
Py 2)3 .
B M(l -Ww ) parameter used to determine mass-flow rate
t,1
bt 2 3
(p_) M(l - Wz) parameter used to determine mass-weighted total-pressure
t,1 ratio

The computer program for the IBM 7094 electronic data processing system with
typical input data follows.

12



APPENDIX

SAMPLE INPUT TO INITIAL SHOCK REGION
SDATA
J1Z0+J2=9999¢ s U331 044 J4=1716e1J5=1 ¢ 1 J6=—s 1 606395,J7=6e¢ 4 J8=01J9=1 01
J10Ze035+J112e99437764J122447645+1J135-041260145+J14=293¢0134
JIB==16,759818+J16=14%
WHERE
J1 Y LIMIT ON SHOCK
TYPICALLY=0 TO STOP CALCULATION WHEN INITIAL SHOCK
REACHES THE CENTERLINE
Jz2 X LIMIT ON WALL
TYPICALLY=9999. TO ALLOW Y LIMIT TO STOP THE CALCULATION
J3 GAMMA
TYPICALLY=1e4 FOR AIR
J4a R GAS CONSTANT
TYPICALLY=1716s FOR AIR
J5 B WHERE Y=AX+B 1S EQUATION DEFINING: WALL
TYPICALLY=1.,
Jé A WHERE Y=AX+B 1S EQUATION DEFINING WALL
TYPICALLY=—e1606395
J7 MACH NUMBER AHEAD OF INITIAL SHOCK
TYPICALLY=6,
Ja X8 COORDINATE OF FIRST POINT ON WALL AND INITIAL SHOCK
TYPICALLY=0
Jo YB COORDINATE OF FIRST POINT ON WALL AND INITIAL SHOCK
TYPICALLY=1,
J10 XA COORDINATE OF SECOND POINT ON WALL
TYPICALLY=+035
J1l YA COORDINATE OF SECOND POINT ON WALL
TYPICALLY=e9943776
J12 MACH NUMBER AT FIRST AND SECOND POINTS
TYPICALLY=4.7645
J12 FLOW DEFLECTION ANGLE AT FIRST AND SECOND POINTS--NEGATIVE
ANGLE DEGREES
TYPICALLY=-9+1260145
Ji4 ENTROPY AT FIRST AND SECOND POINTS
TYPICALLY=293.013
J15  SHOCK ANGLE AT FIRST POINT--NEGATIVE ANGLE DEGREES
TYPICALLY=—16+759818
J16 +l1e TO PRINT ALL POINTS+OR =0 TO PRINT ONLY WALL AND
SHOCK POINTS
TYPICALLY=1.
% INDICATES END OF INPUT DATA

13
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APPENDIX

SUBROUTINE BODYX COMPUTES THE WALL EWQUATION Y=AX+3e

A NEW
WALL

SUBROUTINE wILL Z£ NEEDED IF THE EQUATION OF THE
IS CHANGEDes

SAMPLE INPUT TO REFLECTED SHOCK REGION

J1=999969J2=5e8U3T1e49J4=1716e4 82783644 +J9=e022561+¢J10=2785644,
J11=04J12=1e12386184J13=04J14=2711e4334J15=29e6104594J16=1e%

14

WHERE

J1

Jz

J3

J4

J6

J7

J8

J9

Jlo

J11

J13

J15

Y LIMIT ON SHOCK
TYPICALLY=Y999, TO ALLOW X LIMIT TO STOP THE CALCULATION
X LIMIT ON CENTERLINE

TYPICALLY=5,.

GAMMA

TYPICALLY=1s4 FOR AIR

R GAS CONSTANT

TYPICALLY=1716« FOR AIR

NOT USED ON REFLECTED SHOCK

NOT USED ON REFLECTZD SHOCK
NOT USED ON REFLzCTED SHOCK

X3 COORDINATE OF FIRST POINT ON REFLECTED SHOCK
TYPICALLY=zc7858644=LA>T COMPUTED FPOINT OF INITIAL SHOCKN
YB5 COORDINATE OF FIRST POINT ON REFLECTED SHOCK
TYPICALLY=e022561

XA COORDINATE OF CENTERLINE POINT
TYPICALLY=Z.785644

YA COORDINATE OF CENTERLINEZ POINT

TYPICALLY=0

MACH NUMBZR AT FIRST POINT ON REFLECTED SHOCK AND
CENTERLINE POINT

TYPICALLY=141338618

FLOW DEFLECTION ANGLE AT FIRST POINT ON REFLECTZD SHOCK
AND CENTERLINE POINT

TYPICALLY=0

ENTROPY AT FIRST POINT ON RzZFLECTZU SHOCK AND
CENTERLINE POINT

TYPICALLY=3711e433

SHOCK ANGLE AT FIRST POINT ON REFLECTED SHOCK
——POSITIVE ANGLE DEGREES

TYPICALLY=29610459

+le TO PRINT ALL POINTS+0OR =0 TO PRINT ONLY
CENTERL INZ AND SHOCK POINT

TYPICALLY=1,



APPENDIX

% INDICATES END OF INPUT DATA
SUBROUTINE SUBR COMPUTES ENEWMsTHC1 +5C1
XC ANC YCe THESE ARE THE RQUATIONS FOR

AS FUNCTIONS OF
Me—THETA+S

AHEAD OF THE REFLECTEC SHOCKe A NEW SUBROUTINE
WILL oE NEEDED IF EQUATIONS ARE CHANGEDe

15
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$IBFTC MAIN REF

C
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MAINPROGRAM~F [RSTSHOCKREGION

COMMONXA s YA s THA +sWA s SMUACMUAWSTHASCTHASSAIXS+YBeTHB «
1WBesSMUB sCMUB+sSTHB ¢ CTHS ¢ SBsEPEZE« TERPE« XCoaYC s THC s WC s
2SMUC s CMUCsSTHC s CTHC 4 STHERPC« TEPCsEMUASEMUB ¢ EMUC s THAC
SWACsSMUAC s YACYEMUAC +STHACWELACy THZSC o WoC e SMUBC e YSCeEMUBC
4STHBC+EPBCs TERPBC+EMEC s TANMA S TANMB sEMC sPC s CPCyEMsTHCP o
5CO0S1+TAN1 4 COS24TAN2+KOUNT s TAPE AL IGHT ¢+ 3EGSsSVCON s SVCONL o
6ESVCONZ2+ SVCON3 ¢+ SVCONS s SYVCONS ¢ SVCONB s SVCONT7 e SYVCONB s SVCONS 4 SVCO10
7SVCO11ls EEPWEEPRP] +EERP2WEEP3WELP4sEEPSEEPGEEP7¢CNTRLyCNTRL 1 »
BCNTRLZ + CNTRL3sCNTRLY 1CNTRLS s CNTRLE ¢ KNTRL7sCNTRLB s CNTRLS s CNTR10
OKNTRI14CNTRIZ2WCNTRI3ZsCNTRIG«CNTRIS«CNTR1IOGsCNTR17+sCNTRIB8¢CNTR1D
XCNTRS4 +sERASE+ERAS]T +sERASZ«ERASIIERASY +ERASS«ERASHWERAS 7
XERASBIERASO+ERASIVWERASI 1 «ERASIZ2«ERASI3ZIERAS14+.ERASIE WERASLS
COMMONERAS]I 7+ERAS1IB8+ERASIQWERASZ20+TRAS21 +ERASZ22+ERAS230
1ERASZ24 sERAS2S +yERAS26 ERAS271ERASZBERAS2I9+ERAS30+ZRAS31
PERAS32+ERAS3I4ERAS34 +ERASISIDECIDECL «DEC24DEC2+DEC4 o
3DECS+DECHsDECT+DECB+DECIOIDECIOsDEC1I1 «KONsCONL1 sPRT
4PRT1 yPRT2+PRTI4PRTEG +PRTIIPRTEIPRT7PRTBsPRTO4DEGH
STEMP s TEMP 1 s TEMPZ s TEMP 3+ TEMP4 o« X1 e YT aTHI aWIeSMUIL
GECMUI 4 STHI s CTHI ST +KERIQ«EX1sEX24C1+4C24C3eC44C54C6
TC74CBeCO9C109C11aCLlZeC1I39C144C154C164C1T7eC18¢C194C200
BC21l4C224C234C244C25¢1C264C27+4C23+C29+C3015AVISAVIL
GSAV24SAV39SAVYL s 5AVS +SAVEISAVT7eS5AVEBsSAVI+SCL « THCPRWENEWST »
XENEWCT+EKPsEKP 1 sEKP2 ¢EKP34EKP4L4 +EKPS+ENENTHs THCIL s ENEWM 4

XAA ¢+ KACeNRET s SW2¢EN(9 ) ¢+ PRNOPT ¢ HOLD s JoKeL +STOR(1000)

COMMON LTEST «BSHKI1

TAPE:2.

ALIGHT=0C

DEC=0

DEC1=1e

DEC2=2

DEC3=14370796327

DEC4=6.283185308

DEC5=0

DEC6E=0

DEC7=7

DEC8=0

DEC9=9

DEC1C=0

DFC11=11

KON=1

CON1 =3

DEG=57e2957795

9 CALLSLITE(O)
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WRITE(6+98)

FORMAT (1H1 ¢ 1HX ¢ 15Xs 1HY s 15X+ GHTHETA DEGs7Xs1HMa15Xe 1HW 15X s 1HS 15X

14HP/Pl 12X 9H(P-PI)/Ql)
DO 999 NN=1.+1000
STOR(NN)Y=0

HOLD=1.

J=1

K=1

L=1
CALLSLITE(2)
KER10=0

CALL FINP(16+CNTRL¢CNTRLI+CNTRLIsCNTRLS+CNTRISICNTRIEIEML 4+ XS eYB
IXAWYAIEMB e THB +SS+EPB «+PRNOPT)
EPB=EPB/DEG

THB=THB/DEG

CNTRLE=995G .

KNTRL7=3

CNTRL8=1.

CNTRLS9=1e

KNTR11=0

EEPS=EMI1¥EM1

EEP1=EEPS+EEPS
EEP4=EEP1+DECI1

EEP=EERPS*EEPS

EEP3=( (CNTRL3+DEC1 ) /DEC2)*¥EZEPS+DEC1
EEP1=—EEPRP3*EEP]
EERP2=—(EEPS+DEC2) *EEPS

sSw2=0
WB=SQRT(DEC1/ (DEC1+DECZ2/ ((CNTRL3-DEC1 ) *EMB¥*EMB) ) )
SMUB=CEC1 /EMB

SMUA=5MUB
CMUB=SQART (1 « =SMUB*3SMUB)
CMUA=CMUB

STHB3=SIN(THB)

CTHB=COS(THB)

STHA=STHB

CTHA=CTHB

SA=58

wWA=wB

THA=THB
TEPB=SIN(EPB)/COS(EPB)
BEGS=EPB

BSHK1=0

17
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22

23

10
11

12
13

24

25

28

CALLSHKPT
CALLPRINT
CALLWRTSK
BSHK1=1e
CALLMOVCB
CALLMOVAC
CALLMOVBA
CALLIPT

APPENDIX

GOTO(Z22422+22+22+22+23)NRET

CALLMOVCS
CALLMOVIC
CALLWRTGN
CALLPRINT
CALLMOVSC
CALLWRTGN
CALLPRINT
CALLSPACE
CALLWRTFL
CALLRCS

GOTO(104+11)sNRET

CALLEXIT
CALLRCA

GOTO(12+13)+NRET

CALLEXIT
CALLSHKPT
CALLPRINT
CALLWRTSK
CALLMOVCA
CALLLRDB2

GOTO(144+15)NRET

CALLEXIT
CALLGEN
CALLIPT

GOTO(24 424324 424424425)+NRET

CALLMOVBA
CALLMOVCE
CALLMOVIC
CALLWRTGN
GOTO7757

CALLMOVBA
CALLMOVCB
CALLWRTGN
CALLPRINT
CALLBODY

CALLWRTGN
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APPENDIX

CALLPRINT
CALLSPACE
CALLWRTFL
CALLRDB
GOTO(16+17)«NRET
CALLEXIT

CALLREA
GOTO(184+19)+NRET
CALLEXIT
CALLSHKPT
CALLPRINT
CALLWRTSK
IF(YC-CNTRL)S5+304+30
CALLMOVCA
CALLREBZ2

GOTO (20421 )YsaNRET
CALLEXIT

CALLGEN

CALLIPT
GCOTO(26+426126126426¢27 ) NRET
CALLMOVCA
CALLMOVIC
CALLWRTGN
CALLPRINT
CALLMOVAC
CALLWRTGN
CALLPRINT
CALLMOVCA
CALLRCB2

GO TO (31432)«NRET
GOTO!1

CALLGEN
IF(DEC)3610434 43610
CALL WRTGN
IF(PRNOPT)342.3
CALL PRINT

GO TO 4
CALLMOVBA
CALLMOVCB
CALLBODY
CALLWRTGN
CALLPRINT

DEC=0

19
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7757
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APPENDIX

CALLWRTFL
CALLSPACE
IF(XC=-CNTRL1)6+64+5
IF(SW2)84+7+8
WRITE(64+4100)TAPEJALIGHT
GOTO9

CALLPRINT
CALLMOVBC

GOoT0O28
FORMAT(2E1648)

END

IBFTC EPSR REF
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SUBROUT INEEPSR

COMMONXA s YA s THA s WA« SMUASCMUA ¢ STHASCTHA s SA ¢ XBeYBeTHB
1WBeSMUBsCMUB s STHB +CTHB s SBeEPBSs TEPB s XCoeYC o THC s WC o
2SMUC s CMUC ¢+ STHC s CTHC s SCHEPCITEPC «EMUA sEMUB yEMUC s THAC o
SWAC+SMUAC s YACIEMUACISTHACELACs THBC s WBC s SMUBC s YSCsEMUBC
4STHBCWEPBC s TEPBC +EMBCs TANMA s TANMB«EMC sPC1CPC +EMsTHCP »
SCOS1 «TAN1 ¢ COS2 s TANZ2 +KOUNT s TAPE AL IGHT +BEGS +3SVCON+SVCONT1
6SVCON2+SVCONI3 ¢ SVCONY ¢ SVCONS 4 SVCONSG s SVCON7 4 SVCONE s SVCOND 4 SVCO1 0y
7S5VC0O11e EEPWEEPLl sEEP2+EEP3+EEPG +EEPSEEPGE+EEP7 «CNTRL «CNTHL 1 »
SCNTRLZ+sCNTRLI3yCNTRLY4 s CNTRLES s CNTRLE « KNTRL 7+ CNTRLEBsCNTRLO«CNTR10
OKNTR11+CNTR124sCNTRI34CNTR144CNTR1IS54CNTRIEWCNTR17+4CNTR184CNTR19,
XCNTRS4 +ERASEsERAS] +ERASZ2+ERAS3IERASY +ERASS«ERASEIWERAS 7
XERASBIERASTIERASINW«ERASLI ] yERASIZ2«ERASI3+ERAS144,ERAS1IS54,ERASLS
COMMONERAS 1 7+ERASIBWERAS194+ERAS20+ERAS21 yERASZ22+ERAS23
1ERASZ4 sERASZS +ERAS26+ERAS27.ERASZ28+ERAS29+ERAS30+ERAS3L
PERAS32+CRAS334ERAS34 4ERAS3S WDECIDEC1 +DECZ24+DEC3+DECYS o
BDECS+CECHIDECT7 +DECB+DECSsDECI1Q9DECL 1 KON CON1 +PRT o
4PRT1PRT2+PRT3+PRT4+PRTSIPRTEIPRT7+PRTB8«PRTI+DEG
STEMP« TEMP1 s TEMPZ2 « TEMP3+TEMP4 o X1 o YT 4« THI s WI ¢SMUI o
6ECMUT s STHI 9 CTHI s ST ¢sKERIOWEXTI+EX2eC1 4C24C34C44¢C5+C6H0
TC7+eCBeCOsC109C114C124C120C144C154C164C1T74C184C194C200
BC214CZ2+C230C244C254C264C274C284C299C30+SAVeSAVL
QSAV24SAV3IISAVL 4 SAVSsSAVE1SAVT71SAVBsSAVI ¢ SC1 s THCPRWENEWST »
XENEWCT s EKPEKP ] s EKPZ sEKP3+EKP4 sEKPS+ENEWTH«THC1 s ENEWM o
XAA sKAC yNRET s SW2+1EN(9) ¢ PRNOPT+HOLD s JsKsL s STOR(1000)
ERASE=ERASE*ERASE

ERAS1=ERASE#EEP+EEP

ERAS2=(ERASE*ZEP1+EEPZ2)/CONI1
EFRAS13=(EEP3¥*EEP3¥ERASE+EEP4 ) /CON1

ERAS6=ERASI13#ERASZ2+ERAS1

FRASO=ERASZ2¥ERAS2

ERAS15=ERASI ¥ERAS13-ERAS9

ERASE=ERAS15+ERASLIS
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ERAS10=(ERAS6/ERASE ) ¥*ERAS1+ERAS2
ERASE=ERASGE6#ERASH
ERAS7=ERAS13%¥ERAS13+ERAS2

AA=(SQRT (ABS( (ERAS7+ERAS7)#ERASE+ERASS) ) /ERASE ) ¥ERASI
AA=ATANZ2 (AA+ERAS10)

IF(AA)YZ24241

AA=AA+DEC4

ERASF=AA/CONI1

ERASE=COS (ERASE)

ERASO=SQRT(-ERAS15)

ERAGE=—-( (ERASO+ERASS I *¥ERASE+ERASZ ) /ERASI
ERAS2=SQRT (DEC1-ERASF)

ERAS1==-5GRT (ERASE)

TEPC=ERAS1/ERASZ2

EPC=ATAN(TERC)

RETURN

END

SIBFTC BODY REF

SUBROUTINEBODY
COMMONXA s YA s THA sWA s SMUAsCMUA s STHA 3 CTHAISA XS e YBesTHE
1WBsSMUBsCMUB s STHB +CTHB ¢ SE+EPBsTEPB« XCaYC s THC s WCo
2SMUC ¢ CMUC o« STHC s CTHC a SCEPC+ TEPC+EMUA +EMUB sEMUC« THAC »
BWAC s SMUAC sy YACsEMUAC s STHACSELACsTHBC + WBC + SMUSC+ YDCEMUBC
4STHBC+EPBC« TEPBC + EMBC s TANMA s TANMB ¢ EMCePC s CRPCoe=Mes THCP
S5COS1 +TANL «COS2+sTANZ2 sy KOUNT s TAPEsALIGHT e BEGS+SVCON«SVCONL &
SESVCON2 s SVCON3 s 3SVCONG ¢ SVCONS 9 SVCONG6 s SVCONT7 4 SVCONB ¢ SVCONG 4 SVCO100
7SVCO11s EEPIEEPRPL +EERZsEEP3EEPY4 +EEPDWEEPGOGEEP7«CNTRLICNTRL 1 o
BCNTRLZ2+CNTRLI3¢CNTRLY «CNTRLS 9 CNTRLOE«KNTRL7+CNTRLEB«CNTRLIGsCNTR1O0
OKNTR1I1+sCNTRIZsCNTRI3yCNTR144CNTR1IS«CNTRIBWCNTR1I7+CNTR1I84CNTR19s
XCNTRO4 +sERASEsERAS]L +ERASZ2IFRASIIERASY ERASS +ERASHIWERAS7
XERASB+ERASIIERASICIERASTI 1 +ERASIZ2«RAS1I3+ZRAS144.ERAS154+ERASLE
COMMONFERAS17+FRASI8B8IERASIGERASZ20+ERAS21 +ERAS22+ERAS230
lERASZ24 +ERAS2H +sERASZHIERAS27+ERASZ2B+ERASZ2I«ERASZO«ERAS3L »
2ERASI2+ERAS334ERAS34 ERASRISZDECIDEC1 +DEC24DECS3+DECYG
BDECS4CECOHWDECTWOECBsDECI+DECIOIDECI1 +KONsCON1 +PRT
4PRT1 sPRT2+PRT3¢PRTL4PRTSIPRTEIPRT74sPRTBsPRTIDEG
STEMP s TEMP1 s TEMP2 s TEMP3 s TEMPG ¢ XTI aYI s THI W1 e SMUI
HCMUI o STHI 4 CTHI « ST +sKERIOWEX1+EX2¢C14C21C39C44C5+CH
TFCT74C8sCO4C109C11aC12+4C139C14sC1l34C169C1T74C18+4C194C200
H5C21 +C224C23+C24+C25+C26+9C27¢C28eC29+4C30+15AVeSAVL
GSAV2 +1SAV3eSAVEL +SAVS 1 SAVEISAVT71SAVBeSAVI+SCL e THACPRWENEWST
XENEWCT+EKPIEKP ] +EKP21EKPI34EKP4EKPS+ENEWTH s THC1 s ENEWM o
XAA +sKACINRET s SW21EN(9) s PRNOPT oHOLD s JeKeL s STOR(1000)

21
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COMMON LTEST
WBC=wB
KOUNT =0
ERAS2=SMUB/CMUB
EMUB=ATAN (SRAS2)
SC=SA

9 THCP=THC,
CALLBODYX
IF (CNTRL8)24142

2 ERASE=CTHB*CMUB
ERAS1=STHB*SMUB
ERASE=-ERAS1+ERASE
ERAS2=SMUB/CMUB
ERASE= (ERAS2¥ERAS1 ) /ERASE
YBC= (YB+YC)/DEC2
ERASE= ( (XC=XB)/YBC)*ERASE
GOTO3

1 ERASE=0

3 CALLSLITET(2+LTEST)
GOTO(S5+4)+LTEST

S CALLSLITE(2)

GOTO6
4 AA=C
GOTO7
6 IF(CNTRLS)8Bs 748
8 AA=((((SC-3B)/CNTRL3)¥5MUB )/CNTRL5)*#5MUB
7 ERASE=AA-FRASE
WC=(—(THB-THC) *ERASZ2~-ERASE ) *WBC+wB
CALLMUSR

IF(DEC)Y21+20921
20 EMUB= (EMUC+EMUB ) /DEC2
SMUB=SIN(EMUB)
cMuB=C0OS (EMUB)
THBC=(THB+THC)/DEC2
STHB=SIN(THBC)
CTHB=COS(THBC)
wBC=(w3+wC)/DEC2
KOUNT = (KOUNT+KON)
IF (KOUNT-KNTRL7)94+10+10
10 IF(ABS({THC-THCP)~CNTRL6)114114+9
11 STHC=SIN(THC)
CTHC=COS (THC)
21 RETURN
END
BI0FTC THASR REF

22
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SUBROUTINETHASR

COMMONXA s YA s THA WA 3 SMUAJCMUA s STHA 3CTHAsSAsXB s YBsTHB
1WBeSMUB+CMUB«STHB +CTHS s SS+EPB+TERPB s XCoYC e THC s WCo
2SMUC+CMUC s STHCWCTHC + SCeEPC s TERPC e EMUAZEMUBWEMUC s THAC »
SWACsSMUAC s YACsEMUAC + STHAC L ELACs THBC s WBC+»SMUBC+YSCWEMUBC
4STHBC+ZPBCIsTEPBC +EMBCs TANMA s TANMB ¢ EMCaPC+sCPC+EMaTHCP

S5COS1 s TANL ¢ COS2 s TANZ2 +KOUNT « TAPE s ALIGHT +BEGS+SVCON W« SVCONL1 o
6SVCONZ s SVCON3 s SVCONYS « SVCONS « SVCONGE s SVCONT7 9 SVCONB s SVCONI s SVCO1 00
7SVCOtls EEPWEEPRI +EEP2EEP3+EEPY4+EEPSEEPOSSEEP7+CNTRLACNTRL1 o
8CNTRL20CNTBLBQCNTQL41CNTQL59CNTQLéqKNTQL?oCNTQLBvCNTRLQqCNTRlOQ
OKNTR11 +CNTR1IZ24CNTR134CNTR14+sCNTR1S5+CNTR16¢CNTR1I7sCNTR1I84CNTR19,
XCNTRS4 +ERASE +ERASL yERAS2IERASI«ERASY +ERASS yERASGI«ERAST
XERASBIERASG JERASICIERASTI] ZERASIZ24ERASI3HIERAS14,4+ERAS1ISZRAS16
COMMONERAS17+ERASLIBWERASIFIERASZ0ERAS2]1 +ERASZ2.ERASZ23
1ERASZ24 +ERAS2S +ERASPHIERAS27yERAS28+ERAS29+ERAS30-ERAS31
2ERASHE2ERASB34ERASEY sERAS3S+LECIDECL WDEC24DEC34DECS s
3DECS CECEDECT7 2 DECB84DECI+NDECIOWDECI 1 «KONsCON1 +PRT o

4PRT1 4PRTZ2+PRT3+PRT4«PRTS «PRTEIPRTT7+PRTBIPRTIO«DEG

STEMP ¢ TEMP1 s TEMPZ2 s TEMP 34 TEMP4 e XTI a YT s THI o WI e SMUIT
GECMUTL « STHI s CTHI « ST sKERIQ4EX1I sEX24¢C1 +4C2+C39C4+C5+:C6
TCT74CBeCIICl0O0aC114C12eC134C144C154C1659C17+C18+C194C200
BC213C229C234C241C20+1C264C274C28+C29+C3095AVISAVL
GSAV2+SAVIeSAVL 4 SAVS s SAVE s SAVT7eSAVB e SAVIeSC1 s THCPRWENEWST »
XENEWCT +EKP sEKP1 sEKP2 +EKP 3 sEKPY4 s EKPS+ENEWTH THC1 « ENEWM o
XAAWKAC e NRET « SW2+sEN(9D) + PRNOPT s HOL T s JaKe s STOR(1000)
ERASG=FEPS*ERASE

ERAS7=CNTRL3-DEC!

ERAS8=ERAS7+DEC2

ERASO=SIN(THA)

ERAS10=COS(THA)

ERAS11=ERASS/ERASIO

ERAS12=ERAS6-DEC1

ERAS12=EERPS/ERAS1Z

ERAS13=DEC2%CNTRL3

ERAS13=ERAS7/ERAS13

ERAS14=ERAS2¥ERAS?2

FRAS15=ERAS1 /ERAS2

ERAS16=ERAS1¥ERAS1O

ERAS16=~ERASZ2H#ERASS+ERASL6

ERAS17=ERAS16*ERAS16

ERAS18=ERAS2*ERAS1O

ERAS18=ERAS 1 ¥ERAS9+ERAS1S8

EFERAS19=ERAS 1 8%ERAS18

23
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ERAS20=ERAS16/ERAS1S8
ERAS21=ERAS6-ERAS13

ERAS21=DEC1/ERAS21

ERAS22=DEC1/CNTRL3
ERAS22=(ERAS6%ERAS13+ERAS22 ) ¥ERASSH
ERAS23=-DEC1/ERASZ2
ERAS21=((ERAS23+ERAS21)/ERAS7)¥DEC2*CNTRLS*EEPS*¥ERASI ¥ERASZ
ERAS23=( (ERAS8B/DEC2)*#ERAS12-DEC1 )/ERAS1 4
ERAS23=~ERAS12#ERAS 1 2¥ERASSB*¥ERASE+ERAS23
CALLSSR

CONTINUE

FRAS22=ERAS1 1 #ERAS]1

ERAS24=-DEC1/ERAS22
ERAS24=(ERAS24~-DEC1)/ERAS23
ERASS5=ERAS24%¥ERASZ21

ERASZ26=( (ERAS8/ERAS7)¥ERAS1S)/ERAS20
ERAS26=(ERAS26-DEC1 ) #ERAS1 7+DECI
ERASZ28=ERAS16%ERASLI8 |
ERASZ27=(ERAS28/ERAS14)*¥ERAS24
ERAS29=ERAS24-DzCl1

ERAS27=( ((ERAS19-ERAS]17)¥ERASIS*¥ERAS29+ERAS27)/DEC2)*¥ERASS
ERAS27=-ERAS29%ERAS28%ERAS7+ERAS27
ERAS35=DECI1/ERASZ26

FRAS3=SQRT(ERAS35)

ERAS4=( (-ERAS35¥ERAS3)/ERAS7 ) ¥ERAS27
RETURN
END

$IBFTC IPT REF
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SUBROUTINEIPT

COMMONXA s YAs THA s WA+ SMUAJCMUAISTHAWCTHAsSA XS e YBaTHB »
I1WB+sSMUBsCMUB s+ STHB ¢+ CTHB ¢ SB+EPBsTEPB s XCoeYC s THC s WCo
2SMUC s CMUC ¢ STHC +CTHC e SCsEPC s TEPC+EMUA +EMUBsEMUC s THAC
BWAC s SMUAC s YAC+EMUAC s STHACELACsTHBC s+ WBC s SMUBC s YBCEMUBC
4STHBC+EPBCsTERPBC+EMEBEC+ TANMA s TANMB ¢ EMC o PC e CRCosEMe THCP o
SCOS1+TAN]1 ¢ COS2¢TANZ2 sKOUNT » TAPE s ALIGHT «+BEGS+SVCON s SVCONL o
ESVCON2 s SVCON3+sSVCON4S s SYVCONS 4 SVCONGE + SVCONT7 ¢ SVCONB s SVCOND s SVCO1 00
T7SVCO11ls EEPWEEP 1 +CERP2+EERP3+ECEP4yEEPS+EPGsEERP7sCNTRLyCNTRL 1L s
BCNTRL2+sCNTRL3+CNTRLL4 +CNTRILLS+CNTRLOEsKNTRL 7+ CNTRLBsCNTRLI«CNTRLIO
OKNTRI1sCNTRIZ2sCNTRI34CNTR14+CNTRISICNTR1IEICNTRI7ZsCNTR1IBsCNTR1 G
XCNTRS4 sERASEW+ERAS] sERAS2+ERAS3IERASG sERASS «ERASHERAS 7
XERASBERASOIERAS10+ERAS]I1+ERASLI2.ERASI3+ERAS1I44ERASLISWERASLSE
COMMONERAS]17+ERASIBIERASIGIERASZ20+ERAS21 +ERASZ2+ERAS23,

1ERASZ24 +ERASZS +ERAS2E6WERAS2 7+ERASZ28+ERAS294ERAS30+ERAS31 »
PERAS32+ERAS33+ERAS3G +CRAS3S4DECIDEC]1 «DEC2yDEC3+DECS
3BDECS+CECH«DECT s DECBsDECOWDECIOIDECI 1 +KONSsCONL +PRT




APPENDIX

4PRT1 sPRT2+sPRT34PRT4 sPRTSIPRTHEIPRT7+PRTBPRTI+DEG
STEMP+ TEMP 1+ TEMP2 s TEMP34sTEMPG ¢ XTI s YI s THI oW] ¢« SMUI,
6ECMUT s STHI s CTHI 9ST sKERIOWEXL1+EX29C14C20C30C44C54C6H
TCT74¢C8sC9C10sC114C12eC134C144C154C164C1T74C184C194C200
BC214C22+4C239C24+C25+4C2643C27+C28+¢C294C30+1SAVISAVL
OSAVZ+SAVI1SAVE s SAVS 1 SAVHEeSAVT7 eSAVBISAVIeSCLl « THCPRWENEWST »
XENEWCT+EKP+EKP 1 + EKP2 +EKPI3EKP4+EKPS«ENEWTHTHC1 s ENEWM o
XAA yKACINRET ¢+ SW2sEN(9) ¢+ PRNOPT ¢sHOLD s JsKel + STOR(1000)
IF(XC—=XA-e01)241,41

NRET=6

RETURN

X1=XA+401

TEMP=XC~-XA

TEMP=601/TEMP

YI=(YC=YA)*TEMP+YA

THI=(THC=-THA) *TEMP+ THA

WI=(WC-WA)*TEMP+WA

SI=(SC=SA)Y*TEMP+SA

CTHI=COS(THI)

STHI=SIN(THI)

TEMP1=WI*WI

TEMP1=DEC1/TEMPI1

TEMP2=CNTRIL3-DEC1

SMUI=((TEMP1~-DEC!1 )/DEC2)*TEMP2

CMUI=SQRT(DEC1~-SMUL)

SMUI=SQRT (S5MUL)

NRET=1

RE TURN

END

$IBFTC SHKPT REF

SUBROUT INESHKPT

COMMONXA s YAs THA s WA s SMUAYCMUA 4+ STHAZCTHASSAsXB+YBeTHB »
1WBsSMUBsCMUB + STHB sCTHB s SByEPB+TEPB«XCoYC sy THC s WC
2SMUC s CMUC 4 STHC s CTHC s SCyERPCs TEPC+EMUA JEMUB 4EMUC s THAC »
SWAC s SMUAC s YACIEMUACISTHACWELACsTHBC s WBC +SMUSBC e YSC+EMUBC
4STHBC+EPBC+TEPBCLEMBCos TANMA s TANMB s EMC sPC s CPC+EMs THCP o
S5C0OS1+sTAN]1 +COS2¢sTANZ2 ¢+ KOUNT ¢« TAPE+ALIGHT +BEGS +SVCON+SVCONL
6SVCONZ s SYCON3+sSVCONS ¢ SVCONS + SVCONGE s SVCON7 4 SVYCONBsSVCONG 4 SVCO10
TSVCO1le EERWEERP I +EEP21EEP 3 «EEP4EEPS«EEPG6+EEP7+CNTRL«CNTRL1 »
BCNTRLZsCNTRL3+CNTRL4 +CNTRLS + CNTRLE«KNTRLT7+CNTRLBsCNTRLOWCNTR10
GKNTR11 +CNTRIZ+CNTR1I3+CNTR14+CNTRIS+CNTR16+CNTR1I7+CNTRI84CNTRI D,
XCNTRS4 +ERASE'ERAS]1 sERASZ2+ERAS3+ERAS4 ERASS +ERASHEIERAS7
XERASB+ERASGI+ERASI0+ERASI 1 +ERASI2+ERASI3+ERAS144+ERAS1IS+ERASLS6
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APPENDIX

COMMONERAS17+ERASI8+ERASIG+ERAS204+ERAS21 +ERAS224+ERAS230
1ERAS24 +ERASZ2S5+ERASZ26+ERAS27+ERAS28B+ERASZ29ERAS30+ERAS31

P2ERAS32+ERAS33,ERAS34 +ERAS3IS+DECIDEC] sDEC2+DEC3sDECS »
3DECS+0ECHsDECT +DECB4DECS+DEC1I01DECI 1 sKON+sCON1 s PRT 4
4PRT1 sPRT2,PRT3+PRT4+PRTSPRTEIPRT7+PRTE8sPRTI +DEG s
STEMP ¢ TEMP1 s TEMP2 ¢ TEMP3 s TEMP G ¢ X1 o YT « THI s W1 s SMUI o
ECMUL s STHI 4 CTHI 9SI +KERIOSEX]1I+EX24C1 +C2+C34C43C54CH
TC7+C83COsC1l0sC1I19C1I24C1I33C144CIS5+C169C1T74C184C194C200
BC21 sCP2+CRP3+CR4+CP54C264C2T7+C284C294C30+45AVISAVL,
GSAVE2 4 SAVI s SAVE s SAVS 4 SAVE1SAVT7 ¢ SAVB4SAVI 4SC1 « THCPR ¢ ENEWST o
XENEWCT yEKP yEKP 1 +EKP2 +EKP34EKP41EKPS«ENEWTH s THC1 » ENEWM o
XAA +KACsNRET s SW2+EN(9) + PRNOPT s HOLD s J 4K sL s STOR (1000)
COMMON LTEST«BSHKI1

CONTINUE

CONTINUE

THAC=THA

WAC=WA

ERASE=SMUA/CMUA

EMUA=ATAN (ERASE)

EMUAC=EMUA

EPBC=EPB

TEPBC=TEPSB

KOUNT=0

ERASE=STHA/CTHA

CALLEPSR

CALLTHASR

ERASE=SIN(THAC)

ERAS7=COS (THAC)

ERASB=SIN(EMUAC)

ERASS=COS (EMUAC)

ERAS10=COS(EPBC)

ERAS10=(SIN(EPBC))/ERASIO

ERAS!1=ERAS8/ERASQ

ERAS13=ERAS6*ERASS

IF(BSHK1)40440441

ERAS13=ERAST7¥ERASO-~-ERASL 3

GO TO 42

ERAS13=ERASTH#ERASG+ERAS13

ERAS12=FRASHX*ERASS

IF(B8SHK1)50+50451

ERAS12=ERAS7*ERASB8+ERAS12

GO TO 52

ERAS12=-ERAS7¥ERASB+ERAS12

ERAS14=ERAS12/ERAS] 3

XC=ERAS14-FRAS10
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YC=-XB*ERAS10+4+Y3
XC=(XA¥ERAS14~-YA+YC)/XC
YC=XC¥ERAS10+YC
YAC=(YC+YA)/DEC2
[IF(CNTRLB)1+201

ELAC=0

GOTO31

ELAC=(( (ERASB¥ERASB) /ERAS9)I*ERASE)/ERASL3

ELAC=( (XC=XA)/YAC)I*ELAC
ERAS1IS5=ERAS4/WAC
IF(BSHK1)60+60461
ERAS1IS=ERAS15-ERAS11

GO TO 62
ERAS15=ERAS15+ERAS1 1
ERAS16=(ERAS3-WA)/WAC
ERAS16=ELAC-ERAS16
IF(CNTRLSG)Y4 4344
ERASIB8=CNTRL3%CNTRL5
ERAS18=(ERASB¥ERAS8)/ERASL B
ERAS15=ERAS18*¥ERAS5+ERASLS
FRAS16=(SA-SCHI*¥ERAS18+ERAS16
ERAS15=ERAS1I6/ERASLS
THCP=THC

THC=THA+ERAS1S

CONTINUE
WC=ERAS4*ERAS15+ERAS3
CALLMUSR

IF(DEC)21 420421

EMUAC= (EMUC+EMUA ) /DEC2
WAC=(WA+wWC)/DEC2
THAC=(THA+THC ) /DEC2
ERAS7=COS(THC)
ERAS6=SIN(THC)
ERASE=ERAS6/ERASY

CALLFPSR
EPBC=(EPC+EPB)/DEC2

KOUNT =KOUNT+KON
IF(KOUNT-KNTRL7)6+5+¢5
IF(ABS(THC-THCP)~CNTRLE)7+7+6
IF(CNTRL9)948,+9

CALLSSR

GOTO10

SC=SA

27
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GOTO11
CONTINUE

STHC=SIN(THC)
CTHC=COS (THC)
CONTINUE
CONTINUE

CONT INUE
CONTINUE
RETURN

END

$IBFTC MOVAC REF
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SUBROUT INEMOVAC

COMMONXA ¢ YA s THA s WA SMUASCMUA sSTHAGWCTHAsSA XS YBeTHB
1WB+SMUBsCMUB s STHB +sCTHB s SBsEPB+sTEPB e XCoaYC s THC o WC o
2S5MUCsCMUC + STHC +CTHC s SCH+EPC s TEPC s EMUAWEMUBWEMUC s THAC Y
BWAC ¢ SMUAC ¢ YAC S EMUAC s STHACWELACsTHBC ¢ WBC « SMUBC s YSC +EMUBC »
4STHBCW+EPBC+TEPBCsEMBC s TANMA s TANMB +EMC+PC s CPCsEMs THCP »
SCOS1 +TANL « COSZ2+sTANZ2 +KOUNT s TAPE WAL IGHTyBEGS+SVCON s SVCONL »
H6ESVCON2+SYCONI s SVCON4L s SVCOND ¢ SVCONG ¢ SVCONT7 4 SYVCONB e SVCONG 4 SVCO1 00
7SVCO11s EEPEEP1 +CEP2WEEP3EELP4+EERPSIEEPSWEEP7sCNTRL«CNTRL 1 »
SCNTRL2+sCNTRLI3+CNTRLSG +CNTRLS s CNTRLEWKNTRL7aCNTRLBICNTRLO+CNTR1O0
SKNTR1I1¢CNTRI1I2+CNTRIZ3¢CNTRI4+sCNTR1IF54CNTR1IG«CNTRIT7sCNTRIB«CNTR1G
XCNTRSG +ERASE+ERAS]L +ERASZ'ERASIIERASSG +ERASS +ERASHIERAST
XERASBsERASG4ERASIOERASI 1 ZERASIZWERASI3HIERASI4G4WERASISERASLSE
COMMONERAS17+ERAS18+ERASIGI1ERASZ20+ERASZ21 +ERASZ22+ERAS23
1ERASP4 +ERAS2S5+ERAS2HIERAS2 7+ERASLBIERAS29+ERAS3VERAS3L
PERAS324+ERAS33+ERAS34 +ERAS354DECDEC] +DEC2+DEC34DECHY
3DECE+CECH«DEC7 «DEC8B8+DECI4DECI0+DECI1 +KON+sCON1 +PRT
GPRT1PRTZ2.PRT34PRT4 +PRTSIPRTEIPRT7+PRTB«PRTIDEG

STEMP s TEMPL « TEMPZ2 « TEMP3 s TEMP4 ¢ X1 s YT« THIsWI+SMUI »

G6ECMUI 4 STHI s CTHI 4 ST oKERIQIEXTI +EX249C1sC2+4C34C49C54C6H
TC74CBsCI9sC109C114C129C139C14+C154C164C174C184¢C194C200
BC214C22+¢C234C244C25+4C264C27+4C281C29+C3018AVISAVI
DSAV2+1SAV3eSAVY s SAVE «SAVOEIsSAVT7eSAVB.SAVI e SC1 « THCPRWENEWST
XENEWCT sEKP s EKP 1 +EKP2 sEKP3EKP4 +EKPS+ENEWTHs THC1 s ENEWM

XAA +KACYNRET s SWZ aEN(9 )« PRNOPT sHOLD s J s KoL « STOR(1000)

XC=XA

YC=YA

THC=THA

WC=WA

SMUC=SMUA

CMUC=CMUA

STHC=STHA

CTHC=CTHA

SC=SA
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RETURN
END
$IBFTC MOvVSC REF

SUBROUT INEMOVEC

COMMONXA s YA s THA sWA s SMUAWSCMUA s STHAWCTHA»SAsXBaYBesTHE »
IWB+sSMUBIsCMUB s STHBsCTHB s SB+EPBsTEPB« XCoYCaTHC e WC s
25MUCsCMUC s STHC s CTHC s SCaEPC s TEPCsEMUAJEMUB«EMUC s THAC »
SWAC s SMUAC s YACsEMUAC s STHAC WELACs THBC s WBC ¢ SMU3C s YO CeEMUBC
G4STHBC+EPBC»TEPBC s MBCs TANMA s TANMB o EMC e PC s CRPCsEMs THCP o
S5COS51 ¢ TAN]1 s COS2+s TANZ2 + KOUNT ¢ TAPE s ALIGHT +3EGS »SVCON » SVCON1 »
6ESVCONZ2 s SYVCON3 s SVCON4 + SVCONS s SVCONGE s SVCONT+SVCONS s SVCONI+SVCO1 0
TSVCOL11s EERPWEEP] o EEP2 s EERP 31 EEPG s EEP S+ EEPG+EEP 7+ CNTRL «CNTRL L «
SBCNTRLZ2Z+CNTIRIL3+CNTRLG ¢« CNTRLS ¢« CNTRLOEyKNTRL7+CNTRLB«sCNTRLIOyCNTR10
GKNTR11 +CNTRIZ2¢sCNTRIBsCNTRIGsCNTRISsCNTRIGICNTRI7+CNTR1IB8+CNTRI G
XCNTRS4 ¢+ ERASE +ERASL yERAS2+ERASIZIERASY sERASS +ERASG+ERAS7
XERASBIERASIIERASIO«ERASI 1 +ERASIZIWERASIZIERAS1I4+.FRAS1IDERASLE
COMMONERAS]1 7+ERASIB+ERASIGIERASZ20+ERAS21 +ERAS2Z+ERAS23,
1ERASZG+ERASCSIERASZHIERAS27H+ERASZ2B8.ERAS294+ERAS30+ERAS31
PERASBL+ERAS33+ERAS34ERAS3H«DECWDECL DECZ2¢DEC34DECSG
SDECS s DECHIDECT «OFECB«DECOiMFECI10eDECI 1 +KONsCONL sPRT o

4PRT]1 +PRT2IPRTR4PRTU4 +PRTHIPRTEIPRT71PRTBIPRTIDEG

STEMP s TEMP 1 s TEMRP2 s TEMP3s IcMP4 o XT o YT s TrHl s Wl eSMUI »
GECMUI s STHI ¢ CTHI ¢ 51 ¢+ KERIOIEX1T1 sE2X24C1 sC2eC34C44CS4CH
7C7+C8sCI94C109C11aC12¢C139C1L41C1HsC1H6eC1T7+C18eC194C200
BC214C22¢C234C244C254CLZE01C2T7T+sC289C294C309¢5AVISAVL
SSAV2 +SAV3eSAVL4 ¢« SAVS e SAVE1SAVT7 1 5AVEeSAVIISCL + THCPRSENEWST s
XENEWCT o ZKPsEKP ] v EKP2 +EKP3 s EKPA4yEKPS+ENEWTHs THC1 s ENEWM
XAAWKACINRET +SW24=N(D) ¢« PRNOPT s HOLD ¢ JeKs L+« STOR(1000)

XC=XR

YC=YR

THC=THRS

WC=wR

SMUC=5MUB

cMUC=CMUB

STHC=STHB

CTHC=CTHB

s5C=sB8

RETURN

END

$IBFTC BODYX REF

SUBRCUT INEBODYX

COMMONXA s YA s THA s WA s SMUASCMUA sSTHA+CTHAISA«XBeYB s THB »
I1WB+SMUB«CMUB + STHB ¢ CTHB s SBEPB+TEPB s XCoYC s THC oW s



APPENDIX

2SMUCsCMUC s STHC +CTHC e SCHEPC+ TERPCIEMUA +EMUB«EMUC s THAC s
3WACsSMUAC s YACIEMUAC s STHACELACsTHBC»WBC s SMUBC s YBC 1 EMUBC

4STHBCEPBCsTEPBC +EMBC s TANMA s TANMB ¢ EMC o PC o CPC sEMos THCP o
SCOS1eTAN1 ¢+ COS2+sTANZ2 s+KOUNT s TAPE+ALIGHT +BEGS+SVCONsSVCONL o
6SVCONZ2 s SYCON3 ¢4 SVCONS s SVCONS s SVCONG s SVCONT7 9+ SVCONE ¢ SVCONG 4 SVCO1 00
7SVCO1lle EEPIEEPRP ] +EERC+EEP3sEEP4+EERPS+EEPOEEP79CNTRILICNTRL 1
BCNTRL2+CNTRL3¢CNTRLY «CNTRLS +CNTRLAEWKNTRL7+sCNTRLB«CNTRLG¢CNTR10
SGKNTRI1+4CNTR12¢CNTR1I3¢CNTR14¢CNTR1IS«sCNTRLIEICNTRIT71CNTRIB8+CNTR1G
XCNTRE4 . ERASE«ERAS]T +ERASZ2eERAS31ERASY yERASS +ERASH«ERAS 7
XERASB«ERASOIERASINDWERASI]1 ERASIZ2«ERASI3ZIERAS1I44,ERASISERASLS
COMMONERAS17+sERAS1IB8+ERAS1I9+ERASZ20+ERAS21 +ERAS22ERASZ23

1ERAS24 +FRASZ2S +ERAS2H+ERAS27 +ERASZ28+ERAS2I+ERAS30+ERAS31
PERAS32+ERAS33+ERAS34 sERAS3SWDECIDECLT +DEC24DEC340ECS
3DECS+DECEsDECT7 +DEC8+DECI+DECIOWDECI 1 +KONCONL1 +PRT
4PRT1 «+PRT24PRT3ePRT4 sPRTSIPRTEIPRTT7+sPRTEB8sPRTI«DEG

STEMP 3y TEMP1 s TEMP2 s TEMP3 ¢ TEMP4 o X[ s YT s THI s W1 eSMUIT o
BECMUT e STHI s CTHI ¢S] «+KERIQWEXL1 4ZX2¢C1 9C2+C39C49C54CH
7CT7+CB4COaC1CeC114Cl12sC139C144C15+C164C179C189C194C201
BC214C224C234C244C254C2643C274C284C29+C308SAVeSAVL
OSAV24SAV3+sSAVE s SAVS s SAVEISAVT7eSAVBsSAVI ¢ SCL « THCPR«ENEWST ¢
XENEWCT ¢EKP+EKP 1 +ERKP2 4EKP3+EKP4 s EKPS«ENEWTHs THC1L s ENEWM
XAA sKACIeNRET e SW2+1EN(D) + PRNOPT sHOLD ¢+ JsK el s STOR(1000)
THC=ATAN(CNTR16)

ERASFE=5MUB/CMUR

ERAS1=STHB/CTHB

ERASZ2=-ERAS1 #ERASE+DECI

ERASE=(ERAS1+ERASE ) /ERASZ

ERAS1=ERASE-CNTRI16

XC=(ERASE*#¥XB-YB+CNTRI15)/ERAS1

YC=XC#*¥CNTR16+CNTR15

RETURN

END

$IBFTC RDB2 REF
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SUBROUT INERDB2

COMMONXA s YA s THA s WA s SMUAYCMUA + STHASCTHAsSAXBeYBs THB +

I WBeSMUB+CMUB +STHB sCTHS ¢ SByEPBaTEPB s XCoeYC s THC o WC s

2SMUCsCMUC s STHC s CTHCsSCEPCs TERPCIEMUA +EMUBWEMUC s THAC »

BWAC s SMUAC s YAC+EMUAC ¢« STHAC+ELACs THBC s WBC 4+ SMU3C 2+ YSCsEMUBC s
G4STHBCEPRC«TEPBC +EMEC s TANMA « TANMB +sEMC e PC s CRC+EMs THCP

SCOS1 s TANL ¢ COS2+TAN2 ¢« KOUNT s TAPEsALIGHT +BEGSsSVCONsSVCONL &
6SVCONZ2 s SVCON3 s SVCONS s SVCONS ¢ SVCONG6+SVCONT7 9 SVCONB s SVCON9 s SVCO10
7SVCO1lls EEPIEEP] +EEP2+EEP3+EEPY4EERPSIEEPO6EERP7+CNTRL«CNTRL L »
BCNTRLZ2«CNTRL3+CNTRL4S +CNTRLS + CNTRLAE«KNTRL7sCNTRLB«CNTRLI+CNTR10
GKNTR1I1+sCNTR1IZ2yCNTRIZ4CNTR144CNTR1I54CNTR16¢CNTR179CNTR184CNTR19,
XCNTRSG s ERASE+ERAST +ERAS2+ERASIIERASSG +ERASS 4yERASHERAS7




APPENDIX

XERASBIsERASOIWERASIOWERASI1+ERASIZ2+ERASI3WERAS144,ERAS1I54,ERAS1SE
COMMONERASTI 7+ERASIBIERAS1IF+ERAS204+ERAS21 +ERAS22.ERASZ23
1ERAS24 +ERASZ2H+ERASZ26+ERAS27+ERASZ2B.ERAS29+ERAS30+ERAS31
2ERAS324+ERAS33.ERAS34 +ERAS3S+PECWDEC] +DEC24DEC3+DECH
3DECS+DECSE+DEC7 +DECB+DECIWDEC1I0sDECLI1 +KONsCONL +PRT o
4PRT1 aPRT2+PRT34PRT4 +sPRTSPRTEGIPRT7+PRTB+PRTI+DEG
STEMP s TEMP1 « TEMP2 s TEMP 34 TENVP4 o XTI oY s THI s W1 aSMUI
ECMUIL o STHI ¢ CTHI 4 ST sKER1OsEX1+EX24C1 ¢eC24C34C49C54CH
TC7e9CB89CT4C1l109C11sC124C139C144C1I54C164C1T74C184C194C200
BC21 4C22+C23¢C244C254C264C27+C284C294C304SAVISAVL .
OSAVZ2+SAV34SAVE s SAVS s SAVEISAVT7eSAVBsSAVIISCL s THCPRWENEWST o
XENEWCT sEKPsEKP 1 s EKP2 sEKP3 4 EKP4EKPS+ENEWTH s THC1 s ENEWM o
XAA ¢ KACINRET s SWZ2sEN(D) s PRNOPT s HOLD ¢ JeKe L+ STOR(1000)
IF(STOR(J4+3))2s1 42
2 XB8=STOR(J)
YB=STOR(J+1)
THB=STOR (J+2)
WB=STOR(J+3)
SMUB=STOR(J+4)
CMUB=STOR(J+5)
STHB=STOR(J+6}
CTHB=STOR(J+7)
SB=STOR (J+8)
J=J+9
NRET=2
RETURN
1 KAC=KNTR11+KON-<KER10
KER1C=0
NRET=1
RETURN
END
$IBFTC MOvVCA REF
SUBROUTINEMOVCA
COMMONXA s YA s THAWWA s SMUAsCMUA ¢« STHAZCTHAWSA 4 XB 2 YBs THB
IlWB«SMUB«CMUB+STHB sCTHD s SBEPBsTEPBaXCsYC o THC ¢ WCo
2SMUC s CMUC s STHC s CTHC ¢ STHEPC s TERPCIEMUA +EMUBsEMUC s THAC »
BWAC«SMUAC ¢ YACIsEMUAC s STHACWELAC«THBC s WBC s SMU3C o YDCEMUBC
4STHBEC ¢ EPBCyTEPBC sEMBC s TANMA s TANMEB 4EMC e PC s CPC EMs THCP o
S5CO0S1 +TAN1 s COS2 4 TANZ s KOUNT s TAPE s ALIGHT +BEGSsSVCON¢SVCONIL »
6SVCONZ2+sSVCON3+SVCON4 ¢ SVCOND ¢« SVCONE 9« SVCONT7 4 SVCONB 2 SVCOND 4 SVCO1 0
TSVCO1l1le EEPEEPL sCEP2+EERP B sEEP4 s EPSEEPOS«EEP7+CNTRLIsCNTRL L s
SCNTRLZ2Z ¢ CNTRLB3¢CNTRLSG o CNTRLS s CNTRLE«KNTRL7+sCNTRLBsCNTRLY9+CNTR10
IKNTR11«eCNTR12e¢CNTRI3+CNTR14+CNTR1ISsCNTR1I6sCNTR17sCNTR184sCNTR19

31



APPENDIX

XCNTR54 +ERASE +ERAS1 +ERAS2+ERAS31ERASE 4ERASS yERASS4ERAST s
XERASB.ERASOWERASIOERAS]I 1 4ERASIZ2+ERASI34+ERAS144ERASISWERASLE

COMMONERAS17+ERASI8+ERAS1I9+ERAS20+ERAS21 +ERAS22+ERAS23
1ERASZ24 +ERAS2S +ERASZ2H61ERASZ7+vERASZ28.ERAS29+ERAS30ERAS3 o
2ERASZ2+ERAS33+ERAS34 +ERASBSWDECIDECI +DECZ4DEC3+DECHY
2DECSWCECH+DEC7 +DECBsDECOsDECLI0sDEC1I1 +KONsCONL1 sPRT o
4PRT1+PRTZPRTIPRTL4+sPRTSIPRTEIPRT7+PRTBsPRTI4DEG
STEMP s TEMP1 s TEMP2 ¢ TEMP3 4 TEMP4G o« X1 a YT s THI oWl s SMUI o
GECMUT s STHI «CTHI o ST +KERIQOWEX1 ¢EX29C1 4C24C3sC44C5,C6
TCT7+C84C9C10C+C114C12eC139C144C1I54C16+4C17+C184C194C200
BC21+C22+C23¢C244C25+C264C274C284C29+C30s5AVeSAVL
GSAVZ e SAVIsSAVE « SAVS s SAVEsSAVT74SAVEBsSAVIeSC1 o THCPR«ENEWST o
XENEWCT +EKP +EKP 1 ¢EKPZ2 ¢ZKP3+sEKPLGsEKPSaENEWTH« THC1 s ENE WM o
XAA s KACeNRET s SW2+EN(9) s PRNOPT sHOLD s JeKsLL s STOR(1000)

XA=XC

YA=YC

THA=THC

WA=WC

SMUA=SMUC

CMUA=CMUC

STHA=STHC

CTHA=CTHC

SA=SC

RETURN

END

$IBFTC PRINT REF
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SUBROUTINERPRINT

COMMONXA s YA s THA « WA SMUASCMUA 3STHASCTHAsSA XS+ YBsTHB

1WB «SMUBsCMUB s STHB s CTHS « SB+EPBsTEPB s XCoYCoa THCaWC
2SMUC s CMUC s STHC s CTHC e SCHERPC Y TERPC s EMUA yEMUB ¢+ EMUC s THAC o
SWACsSMUAC s YACSsEMUAC s STHACELACs THBC s WBC o+ SMUBC s YSC +EMUBC o
H4STHBC+EPBCWTERPBCEM3C s TANMA s TANMB yEMC 4P C s CPC +EMy THCP o
SCOS1+TAN1 sCOS2+TANZ2 +KOUNT s TAPEsALIGHT ¢ BEGS+SVCON+SVCONL o
6ESVCCNZ2 s SVCONZ2 s SVCONG « SYCONS ¢ SVCONGE s SVCONT79SVCONBsSVCONI«SVCO1 00
7SVC0O11se EERPWEERP 1 +EEP2+EEP3+EEPY4+EEPS+EEPSIEERP7«CNTRLeCNTRL 1 o
BCNTRL2+CNTRL3¢sCNTRLSG s CNTRLS s CNTRLEYKNTRL 7+ CNTRLBsCNTRLG«CNTR1O0
OKNTR11+CNTR12+sCNTRIBsCNTRI44CNTRISWCNTR1IG«CNTRI74CNTRIByCNTRLIG
XCNTR54 ¢ ERASE +ERAS]1 +ERAS2+ERASIZIERASY JERASS «ERASEWERAST7
XERASB1ERASS+ERASIOIERASI1+ERASIZ«ERASI3Z+ERAS144+ERASISERASLS
COMMCNERAS17+ERASIB+ERASIG+ERASZ20+ERAS21 +ERASZ24+ERAS23

1ERAS24A yERAS2SsERAS2EIERAS27+ERAS2B4ERAS29ERAS304+ERAS31
P2ERASB2+ERAS33+ERAS34 +ERAS3SWDECIDECL +DECZ24DEC32DECH4
BDECSWCECHWDECT+DECB+LECIsDECLIOsDECL 1 +<KONsCON1+PRT

4PRT1 sPRT2PRT3B4PRT4L4 «PRTSIPRTEIPRT74PRTB«PRTO+DEG
STEMP s TEMP1 s TEMPZ2 s TEMP3 s TEMP4 ¢ XTI a Y1 s THI s WI «SMUI

i




APPENDIX

SCMUI o STHI o CTHI ST +iKER1IOWEX14EX24¢C1 4C2+4C33C43C5+C6E
TCT7eCB8eCP9C1l0aC114C124C13eC144C1354C164C174C184C194C200
BC214C22+C234C244C25+4C264C274C28B4C29+sC30¢S5AVISAVL
ISAV2 +SAV3sSAVYL s SAVS 1SAVE1SAVT +SAVEBeSAVIe«SCLl s THCPRWENEWST »
XENEWCT +EKP+EKP 1 +EKP2 +ERKP3 s EKP4+EKPS+ENEWTHs THC1 s ENEWM o
XAA JKACINRET s SW2¢EN(9) +PRNOPT ¢sHOLD o JeKaL e STOR(1000)
ERASE=CNTRL3~-DEC1

ERAS2=ERASE/DEC2

ERAS3=ERASZ¥EEPS+DEC1

ERAS4=~CNTRL3/7ERASE

ERASS=(CNTRL3*¥EEPS)/DEC2

EMC=DEC1/SMUC

ERASE=(EMC#EMC*ERAS2+DEC1 ) /ERAS3
ERASE=EXP (ALOG (ERASE )#ERAS4)

ERAS1=-SC/CNTRLS

PC=EXP (ERAS1 ) ¥ERASE

CPC=(PC-DEC1)/ERASS

THD=THC*DEG

WRITE(6+s100)XCsYCoeTHDSEMC+WC +SCsPCHCPC

100 FORMAT(BE16.8)
RETURN
END
$IBFTC MUSR REF

SUBROUT INEMUSR
COMMONXA s YA s THA s WA s SMUAWCMUA + STHAWCTHASSA X3 s YBeTHB
1WB +SMUB+CMUB s STHB sCTHB s SB+EPB s TEPB o« XCeYC s THC s WC o
25MUCsCMUC ¢ STHC +CTHC s SCHERPC s TEPCIEMUAYEMUB+EMUC « THAC »
BWACsSMUAC s YACJEMUACsSTHACELLACsTHBC +WBC s SMUBC»Y3C +EMUBC
4STHBC+EPBC+TEPBCWEMBC s TANMA s TANMB sEMCsPC+CPC+EMs THCP
5C0S1 +TAN]1 ¢+ COS2+TANZ + KOUNT s TAPE s ALIGHT +BEGS ¢ SVCON ¢ SYCONT &
6SVCONZ2+SVCON3+sSVCONG ¢« SYCONS s SVCONGE « SVCONT7 9 SVCONB s SVCOND 4 SVCO10
7SVCO11ls EEPIEERI +EEP2+EEP3+EEP4+EEPS+EEPG+EEP7+CNTRLWCNTRL1 »
BCNTRL2 +CNTRL3sCNTRLY4 +CNTRLS1CNTRLE«KNTRL 7+ CNTRLB«CNTRLGsCNTR1O
OKNTR11¢CNTR1IZ24CNTRIZ+CNTR14+CNTR1IS54CNTR1IG6+CNTR17¢CNTR184CNTR19,
XCNTRS4 +ERASEW+ERAS] +ERASZ241ERASBIERASG sERASS 4ERASH6+ERAS 7
XERASB+ERASGWERASIOWERASI14+ERASIZWERASI3+.ERAS144,ERASISERAS1S
COMMONERAS17+ERASIB+ERASI9+ERASZ20+ERASZ21 +ERASZ22+ERAS23
1ERAS24 +ERASZ2SI+ERAS26 +ERAS27+ERASZ2B+ERAS294ERAS30+ERAS31
2ERAS32+ERAS33+ERAS34 yERAS3S«DECIDEC] +DEC2+DEC3+DECY s
3DECSILECHEIDECT7WDECB+DECIWDECIOIDECLI1 +KONsCON1 +PRT o
4PRT1+PRT2¢PRT3sPRT4+PRTSIPRTEHEPRT7PRT8sPRTIIDEG
STEMP s TEMP1 s TEMPZ2 s TEMP3 s TEMP4 o« XTI s YT« THI s W1 ¢+ SMUI »
6CMUI o STHI +CTHI s ST +sKERIOWEXLI sEX2¢C14C2+C34C4eCH4CH

33



APPENDIX

T7C7+C8B8eCI9C10sC11sC124C133C149C154C16¢C1T74C184C194C200
BC21+C22+C239C24+C25+4C26+C27+C28+C299C30+SAVISAV]
OSAVZ24+SAV3+SAV4 ¢SAVS+SAVEsSAVT7eSAVEsSAVIeSCL « THCPR«ENEWST o
XENEWCT.EKPQEKPIvEKPZ9EKP3.EKP4.EKP%9ENEWTHoTHClQENEWMy
XAA sKACsNRET s SW2+EN(F) s PRNOPT+HOLD s JsKsL +STOR(1000)
ERASE=WC*WC

ERASE=DEC1/ERASE

ERAS1=CNTRL3-DEC!

SMUC=((ERASE~-DEC1 )/DEC2)*ERAS1

IF(DEC1=-5MUC)2,141

CMUC=(DEC1-SMUC)

GO TO 3

CMUC=SQRT (DECI ~SMUC)

IF(SMUC)I4 4545

SMUC=SMUC

GO TO 6

SMUC=SQRT (SMUC)

ERASE=SMUC/CMUC

EMUC=ATAN(ERASE)

RE TURN

END

$IBFTC MAIN REF

C

34

MAINPROGRAM=~SECONDSHOCKREGION

COMMONXA s YA s THA s WA s SMUA s CMUA s STHA sCTHA I SAXBeYBs THE »
1WB+SMUBsCMUBISTHB sCTHIB s SEWEPB+sTEPB s XCoaYC s THC oWC s
2SMUC s CMUC s STHC s CTHC s SCHEPC s TERPCsEMUA +EMUB«EMUC s THAC
SWACsSMUAC + YACsEMUACySTHACELACsTHBC +WBC s SMUBC s YBC+EMUBC o
4STHBC+EPBCs TERPBC+EMBC s TANMA s TANMB 4 EMC sPC s CPC +sEMs THCP »
SCOS1eTAN1 s COS2+TANZ s KOUNT + TAPESALIGHTIBEGS «SVCON«SVCONT o
6SVCONZ s SYVCON3 ¢ SVCON4 1 SVCONS ¢ SVCONG s SVCONT7 2 SVCON8B8 s SYCOND 4 SVCO10
7SVCOl11le EEPWEEP L +EERP2+CEP 31 EEP4EEPSyEEPSIEEP 7+CNTRL«CNTRL ] »
BCNTRL2sCNTRL3¢CNTRLYG sCNTRLS ¢ CNTRLOE ¢ KNTRL7Z 4 CNTRLB «CNTRLIG 4 CNTR1IO s
OKNTR11+CNTRIZ2¢CNTRIZ4CNTR14+CNTRIS+CNTRIESCNTR1I79CNTRIB4CNTR19
XCNTRS4 +ERASE+ERAS]T +ERAS2'ERASIIERASY +ERASS ERASHIERAST7
XERASBsERASOIERASIOWERAS]T 1 +ERASIZIERASIZWERASI4WERASISLERASLSG
COMMONERAS]17+ERASIBERAS1I9+ERASZ20+ERAS21 +ERAS22sERAS2 3,

1ERAS 24 +yERASZ2S yERAS2E+ERAS27+ERAS2BI+ERAS2G+ERAS30+ERASS3L
2ERAS324+ERAS334ERAS34 +ERAS3S+DECIDECI sDECZ2+DEC34DECY,
3DECS+DECH+DECT7 sUEC8+DECOWDECIOIDECI1 +KONWCONL +PRT
4PRT1sPRT24sPRT34PRT4 +PRTSIPRTOEIPRT7+PRTEB«PRTIWDEG

STEMRP s TEMP1 s TEMPZ2 s TEMP3 s TEMP4 « XTI o YI s THI s WI e SMUI

ECMUI s STHI ¢ CTHI ST +KERIOWEX14EX20C19C2eC34C49C5+C6H
TCT74CBsCO99C109C119C124C1I34C144C154C164C1T73C184CEtO94C200

BC21 1C22+1C239C24+4C25+C204C2T74C28+C29+C30sSAVISAVL
OSAV2+SAV34SAVY 4 SAVS 1+ SAVE s SAVTsSAVEBsSAVI4SCL « THCPRWENEWST »




APPENDIX

XENEWCT sEKP+EKP 1 +EKP2 4sEKP3EKP4 sEKPS ¢ ENEWTH, THC1 s ENEWM
XAA sKACINRET « SW29sEN(9) 2+ PRNOPT ¢ HOLD s Je KL s STOR(1000)
TAPE=2,
ALIGHT=0
DEC=0
DEC1=1.
DEC2=2.
DEC3=1e570796327
DEC4=6.283185308
DECS=0
DEC6=0
DEC7=7
DECB=0
DEC9=9
DEC10=0
DECl11=11
KON=1
CON1=3a
DEG=57 2957735

S CALLSLITE(QO)
WRITE(6+98)

38 FORMAT (1H1 ¢ 1HX ¢ 13X a1HY s 13X sOHTHETA DEGe+SX ¢ 1HMe 13X 1 HW 13X 1HS 913X
16HPT/PT1IX20H(PT/PTL )M (1=-W¥*2)¥X 3 I X250 ((PT/PT1 ) *#2)M(1—-WhkH*kz )#*#3)
DO 999 NN=1,1000
999 STOR(INN)Y=0

HOLD=14
J=1
K=1
L=1
CALLSLITE(2)
KER1G0=0
CALL FINP(16+CNTRLsCNTRLIZCNTRL3+CNTRL3+CNTRISsCNTR1IEIEML ¢ X9 YD s
IXAWYAZEMB s THB e SL «ZPS ¢ PRNOPT)
EPB=EPB/DEG
THBE=THB/DEG
CNTRLE=9999,
KNTRLL7=3
CNTRL8=1 o
CNTRLG=1 o
KNTR11=0
sSw2=C
WB=SQRT(DEC1/(DEC1+DEC2/( (CNTRL3-DECI1 )*EMB*EMBS) ) )
SMUB=LCEC1 /EMB
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36

31

32

22

23

12
13

14

SMUA=SMUB
CMUB=SQRT (1 ¢« -SMUB#3MUS
CMUA=CMUB
STHB=SIN(THB)
CTHB=COS (THB)
STHA=STHB

CTHA=CTHB

SA=SHB

WA=WB

THA=THB
TEPB=SIN(EPB)/COS(EPB)
BEGS=EPB

CALLSHKPT
IF(DEC)3610+30,3610
CALL PRINT
CALLWRTSK

CALLMOVCS

CALLBODY
IF(DEC)36104+3143610
CALL MOVCS
CALLMOVBA

CALLIPT

GOTO (22422422423 ) NRET
CALLMOVIC

CALLWRTGN

CALLPRINT

CALLMOVSC

CALLWRTGN

CALLPRINT

CALLSPACE

CALLWRTFL

CALLRCB
GOTO(10+11)eNRET
CALLEXIT

CALLROA
GOTO(124+13)sNRET
CALLEXIT

CALLSHKPT
IF(DEC)3610432+3610
CALL PRINT
CALLWRTSK

CALLMOVCH

CALLRDA
GOTO(144+15)NRET
CALLEXIT

APPENDIX

)



15

33

17

24

25

18

19

34

21

20

3610

CALLGEN
IF(DEC)3610¢33+43610
GO TO 16

CALLMOVBA

CALLIPT

APPENDIX

GOTO(24+4244244+25) +NRET

CALLMOVIC
CALLWRTGN
CALLPRINT
CALLMOVSC
CALLWRTGN
CALLPRINT

CALLRCA
GOTO(184+19)+NRET
GOTO1

CALLMOVCE

CALLGEN
IF(DEC)3610+34+3610
CALL WRTGN

IF (PRNOPT)3+243
CALLPRINT

GOTO4

CALLMOVCE

L=1
IF(EN(L+1))20+s214+20
XA=EN(L)
YA=EN(L+1)
THA=EN(L+2)
WA=EN(L+3)

SMUA=EN (LL+4)
CMUA=EN(L+5)
STHA=EN(L+6)
CTHA=EN(L+7)
SA=EN(L+8)

GOT0Zz20

CALLBODY
IF(DEC)36104¢35+3610
CALL WRTGN
CALLPRINT

DEC=0

CALL SPACE
CALLWRTFL
IF(XC-CNTRL1)6+6+5
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100

s 18F

38

APPENDIX

6 IF(SW2)B4+748
8 WRITE(6+100)TAPEALIGHT

5 GOTO9 .

6 CALLMOVCS
L=1
EN(L)=XA
EN(L+1)=YA
EN(L+2)=THA
EN(L+3)=wA
EN(L+4)=SMUA
EN(L+5)=CMUA
EN(L+6)=STHA
EN(L+7)=CTHA
EN(L+8)=SA

GOTO17
FORMAT (2E168)
END

TC NEWB REF

SUBROUT INENEWB
COMMONXA s YA s THA s WA s SMUACMUA s STHAWCTHASSAXBsYBeTHB »
1WBaSMUBICMUB s STHB sCTHB e SBsEP D« TEPB e« XCoeYC s THC s WC e
2SMUCsCMUC s STHC ¢ CTHC s SCEPC s TEPCIEMUAsEMUB sEMUC s THAC o
SWAC s SMUAC s YACYyEMUAC s STHAC+ELACs THEC»WSC e SMUSC s YSC s EMUBC »
4STHBC+EPBC+TEPBC+EMBCs TANMA s TANMB+EMC sPCosCPC+EMsTHCP
SCOS1 ¢« TAN1 s COS2 e TANZ ¢« KOUNT s TAPESALIGHT +B8EGS +SVCONSSVCONL »
6SVCONZ2 s SYCON39SVCONS s SVCOND 4 SVCONGE s SVCONT7 9 SVCONB «SVCOND 4 SVCO1 00
7SVCO11s EEPEEP 1 +EEP2+EEP3+yEEP4 s EEPSEEPGIEEP79CNTRL«CNTRL 1 »
BCNTRL2sCNTRL3sCNTRL4 +CNTRLS ¢ CNTRLEGIKNTRL7 s CNTRLEB«CNTRLYO ¢ CNTRI1ID
OKNTR11 ¢eCNTR1I24CNTR1I3¢CNTR14+CNTR1IS53CNTR1ISsCNTR17¢CNTR1IB4CNTR1I 9,
XCNTRS4 sERASF +«EFRAS]1 +ERAS2ERAS3ERASH ERASS yERASH«ERAS 7
XERASS+ERASOIERASIDIERASI 1 .ERASIZHIEZRAS1I3Z+ERAS144+ERAS15,ERASLE
COMMONERAS1 7+ERASIB+ERASIOWERASZ0+ERASZ21 +ERASZ22+ERAS23
IERASZ24 +ERASCS +ERAS2HESERASZ2T7 yERAS2BVERAS2G+ERAS30OWERASS
PERAS32+ERAS3IZ+ERAS3Y +sERAS3H ¢ DECILECL ¢ DEC24DIEC340ECY
BDECSWCECHIDECT7 +DECB+CECOIDECIODECTI I +KONSCON1 +sPRT
4PRT1 sPRT2¢PRT3+PRT4L4 sPRTS«PRTEIPRT7+PRTEBIPRTIDEG
STEMP s TEMP1 « TEMP2 s TEMP3 s TEMPY o XTI o YT s THI sWI eSMUIL »
GCMUI ¢« STHI «CTHI 931 sKERIOCWEXLI4EXZ29C1+C2eC39C49C5+4C6
TCT7eCBaCO9C104C11aC124C133C144C134C16+C17eC18+sC1924C200
BC214C224C234C244C23+C269C274C28+¢C29+C30¢SAVISAVL
OSAVZ2 +SAVIeSAVE s SAVS 1 SAVEsSAVT7eSAVBsSAVI«SC1 s THCPRIENEWST o
XENEWCT ¢ EKP +EKP ] +EKP2 +EKP3sEKP4+EKPS+ENEWTHsTHCL s ENEWM
XAA KACeNRET+SW2sEN(9) ¢« PRNOPT ¢ HOLD ¢ Js K e s STOR(1000)
SAV=CMUA/SMUA
IF(STHA)YS«4 45



APPENDIX

SAV4=SMUA /CMUA

GOTO3

SAV1I=CTHA/STHA
SAV3=DEC1/SAV1
IF(SAV)IZ2el 2
SAV2=DEC1 /SAV ’
SAV4==SAV2¥SAV3+DECI
SAV4=(SAV3+SAV2)/5AVv4
GOTO3

SAV4=-SAV1
SAVS=XEB¥*¥TEPB-YB+YA
SAVS=—-XA¥SAV4+SAVD
SAVE6E=TEPRPB-3AVY4
XC=SAVS5/SAV6E
SAVS=XC~-XB
YC=SAVSH*TEPB+YB
CALLSUBR
ENEWTH=THC1+THA
ENEWCT=COS (ENEWTH)
ENEWST=SIN(ENEWTH)
EKPS=ENEWM*ENE WM

EKP1 =EKPS+EKPS
EKP4=EKP1+DEC1
FEKP=FKPS¥*EKPS
EKP3=((CNTRL3+DEC1 ) /PEC2)*IKP5+DEC]
EKP1=—-EKP3%EKP1
EKP2==~(EKPS5+DECZ ) ¥EKPS
RETURN

END

SIBFTC PRINT REF

SUBROUTINEPRINT

COMMONXA s YA s THA s WA s SMUA s CMUA s STHA CTHASSA X3+ YBe THb o

1WB e SMUB +CMUB s STHR s CTHE s SO EPBsTEPS ¢ XCaYC s THCsWC o

2S5MUC ¢ CMUC s STHC ¢ CTHC ¢ SCEPC« TERPC I EMUA SJEMUB +EMUC s THAC

BWAC s SMUAC s YAC W EMUAC « STHACELAC« THBC s WSC ¢ SMU3C s YSCHyEMUBC
4STHBC+EPBCWTEPBC 4EMEC s TANMA e TANMB ¢ EMC o PC o CPCsEMa THCP
SCOS1LsTAN1 ¢+ COS2+sTANZ2 +KOUNT s TAPE s AL IGHT s EGS « 3VCON s SVCCNL »
6SVCEONZ2 s SYCON3 s SVCONYG s SYCOND ¢ SVCONG 9 SVCONT7 e SVCIONB s SYCONI 4 SVCU1 0
75VC0O11s EERPIEZP] oEEP2 I EEP 3 EEP4+CEPSEEPSO«EEP 79 CNTRL «CNTRL 1 9
BCNTRLZ2ZsCNTRLI3+CNTRLYG ¢ CNTRLS s CNTRLOEWKNTRL7sCNTRLBsCNTRLO4CNTR10
OKNTR11 sCNTRIZ2CNTRI3sCNTR144CNTRI1IS+CNTR1IE6+CNTRIT73CNTR1I84CNTR19,
XCNTRS4 +ERASEERAS]I +ERASZ2 +ERASIERASY +ERASTS 4sERASHEIERAS 7
XERASBIERASIIERASITIERASLI]1 +ZRASIZ2ERASI3IERASI4+ZRASISERASLSE

39



APPENDIX

COMMONERAS17+ERASIB8+ERASI91ERASZ20+ERASZ21 +ERASZ224+ERAS2 3
1ERAS24 +ERAS2S5+ERAS26 +ERAS27+ERAS284+ERAS29:ERAS30+ERAS31

2ERAS32+ERAS33+ERAS34 +ERAS3S5+DECIDEC]1 sDEC24+DEC3+DECY
3DECS+CECH+DECT7+DEC8sDECIIDECIO0DECL 1 +KONWCON1 +PRT
4PRT1+PRT2+PRT3+sPRT4+yPRTS+PRTEHEIPRT71PRTBsPRTS1DEG
STEMPsTEMP ] s TEMPZ s TEMP3 s TEMP4 o XTI o YI s THI oW1 +SMUI o

6ECMUI +STHI s CTHI 9SS 1 sKERIOIEXTI +EX29C1+4C23C34C49C54CE
TCT74C8sCeC10eC114C124C139C144C154C164C1T74C183C194C20
BC21+C22+C234C244C254C26+C271C289C294C3C+SAVISAVL .
OSAV2+sSAV3+S5AV4+SAVSsSAVEISAVT71SAVB+SAVS4SCL s THCPRWENEWST »
XENEWCT +EKP sEKP 1 +EKP2 1EKP3+EKPY+EXKPS+ENEWTHTHC]1 +ENEWM o
XAA+KACsNRET e SW2+EN(I9) s PRNOPT sHOLD s JsKsL s STOR(1000)
EMC=DEC1/SMUC

TEMP=-SC/CNTRLS

TEMP=EXP(TEMP)

TEMP1=-=WC*WC+DEC1

TEMP1I=TEMP1#TEMP ] *TEMP 1 ¥EMC* TEMP

TEMPZ2=TEMP 1 *TEMP

THD=THC#DEG

WRITE(6+100)IXCoeYCoTHDIEMC+WC eSCeTEMP»TEMP 1 ,TEMP2

RETURN
100 FORMAT(GE14.6)
END
$IBFTC EPSR REF

40

SUBROUT INEEPSR

COMMONXA s YA s THA WA s SMUASCMUA +STHA +CTHAISAIXBsYBeTHB »
ILWBeSMUB«+CMUB ¢ STHB sCTHE ¢ SBeERPB«TERPB+XCoesYC s THC +WC s
2SMUCsCMUC ¢ STHC s CTHC s SCoEPC s TERPC+EMUA EMUBEMUC s THAC »
SWACsSMUAC s YACIEMUAC ¢ STHAC ELACsy THBC s WBC s SMUSC s YESC+EMUBC
4STHBC+ERPBC+ TEPBC+EMBC s TANMA s TANMB +EMC sPC s CPCeEMes THCP »
SCOS1 e TAN1 s COS2 s TANZ +KOUNT 3 TAPE+sALIGHT +BEGS+SVCON s SVCONL1 o
6SVCONZ2 s SYVCON3 9sSVCONYG s SYCONS ¢« SVCONE+«SVCONT7eSVCONBsSVCON9«SVCO10
7SVCO11s EEPWEEP] +EEP2EERP3+EEP4+EEPSIEEPGIEEP7«CNTRILLWCNTRL L »
BCNTRLZ2+CNTRL3¢CNTRLYSG +CNTRLS s CNTRLOE«KNTRL7 s CNTRLBsCNTRLI«CNTR10
OKNTR114CNTR1IZ2+CNTR1I3+CNTR1I4+CNTRIS«CNTR1IE6I1CNTR1I7+CNTR1IB8«CNTR19,
XCNTRS54 s ERASE +ERAS]1 sERASZ2WERAS3I1ERASY +ERASS«ERASHEIERAST7 s
XERASB+ERASIWERAS1I0+ERAS11ERASIZ+ERASI34+ERAS144+ERAS1IS54ERASLE
COMMONERAS1 7+ERASIBERASIOIERASZ20ERAS21 +ERAS22ERAS23

1ERAS24 +ERASZCS+ERASZH+ERAS27+ERAS28+ERAS29+ERAS30+ERAS3L
2ERAS32+ERAS334+ERAS34 +ERAS3S+DECWDEC1 +DECZ24+DEC39DEC4H
3DECSsDECH+DECT7+DEC8+DECIIDECLIOIDECLI]1 ¢+ KONsCON1 sPRT

4PRT1 +PRT2+PRT3PRT4 +PRTS«PRTHEIPRTT7+PRTBIPRTIDEG
STEMP s TEMP1 s TEMP2¢s TEMPI3 s TEMP4 ¢ XTI ¢ YI s THI ¢ W] sSMUI o

6CMUI ¢ STHIsCTHI «SI +KERIOIEX12EX29C1 +C2sC39C44C54C6H s
TC74C8aCO94C109C1104C12¢C139C144C154C164C1I1T74C184C1949C200




APPENDIX

BC214C22+C234C244C25+4C264+C27+C284C29+C301SAVISAVL
ISAV2 s SAV3 s SAVE s SAVS 4 SAVE s SAVT715AVEBeSAVI 9SC1 s THCPR W ENEWST o
XENEWCT +EKP+sEKP1 sEKP21EXP34EKP4EKPS+ENEWTH THC1 s ENEWM o
XAA s KACINRET s SW2+EN(9) s PRNOPT s HOLD ¢ J oK 4L s STOR(1000)
ERASE=ERASE*ERASE '
ERAS1=ERASE*EKP+EKP

ERAS2= (ERASE¥EKP1+EKP2)/CON1

ERAS1 3= (EKP3*#EKP3*ERASE+EKP4 ) /CON1
ERAS6=ERAS13*#¥ERAS2+ERAS]

ERAS9=ERASZ2#ERAS2 '

ERAS15=ERAS]1 ¥ERAS1 3-ERASY

ERASE=ERAS15+ERASLS

ERAS10= (ERASG6/ERASE ) ¥ERAS] +ERAS2

ERAS6=ERAS6%ERASE '

ERAS7=ERAS13%ERAS] 3+ERAS2 _

AA= (SQRT(ABS ( (ERAS7+ERAST7)*¥ERASE+ERASE ) ) /ERASE Y ¥ERASL
AA=ATANZ (AA+ERAS1Q) ‘

IF(AAY2e20 1]

AA=AA+DEC4

ERASE=AA/CON1

ERASE=COS (ERASE)

ERAS9=SQRT (-ERA3S15)

ERASE=- ({(ERASO+ERASS ) ¥ERASE+ERAS2)/ERAS]
ERAS2=SQRT (DEC1 ~ERASE)

ERAS1=SQRT(ERASE )

TEPC=ERAS1 /ERAS2

EPC=ATAN(TEPRPC)

RE TURN

END

+IBFTC BODY REF

SUBROUT INEBODY

COMMONXA s YA s THA WA s SMUAsCMUA +STHAWCTHAWSAWXSsYBsTHB »
1WBsSMUBsCMUB s STHB s CTHE s SEB+EPS+TEPB s XCaYC s THC s+ WC o

2S5MUC s CMUC s STHC s CTHC s SCHERPC+TERPCIsEMUA SEMUB+EMUC s THAC »

SWAC s SMUAC s YAC sEMUAC « STHAC 4ELLACs THBC s WBC s SMUBC s YSCsEMUBC o
4STHBC+EPBCyTEPBCEMEC s TANMA s TANMB ¢4EMC s PC s CPCsEMs THCP »

SCOS1 +TANL1 +COS2+TANZ + KOUNT ¢ TAPEsALIGHT+BEGS +SVCONsSVCONI1 »
6SVCONZ2+SVCON3+eSVCONSG s SVCOND s SVCONG6 s SVCONT79 SVYCOUNB s SYVCONG s SVCO1 0,
T7SVCO1ls EEPWEEPL +EERP2+EERP3+EEPA4+ZEPS+EEPGIEEP7+CNTRL«CNTRL 1 »
BCNTRLZ2+CNTRL3sCNTRILL4 +yCNTRLS ¢ CNTRLAOEWKNTRLT7Z7 4 CNTRLBIsCNTRLY9¢CNTR10
OKNTR11 +CNTR12+sCNTR13+CNTR14+sCNTR15+¢CNTR16+CNTR1I7¢CNTR184¢CNTR19,
XCNTR54 +ERASE +sERAS] +ERASZ2+ERAS3+ERASYG ERASSWERASE«ERAS 7
XERASB+ERASOWERASIOW+ERAS1I1+ERASIZ2IERASLI3Z+ERASI44,+ERAS1IS,ERASLSE

41



APPENDIX

COMMONERAS17+ERASI8+ERASIOIERASZ20+ERASZ21 +ERASZ22+ERAS2 3,y
1ERASZ24 +ERAS25+ERAS261ERAS27+ERASZ8+ERAS29+ERAS30+ERAS31
2ERAS32+ERAS33+ERAS34 +sERAS35+DECIDECL o DEC2+4DEC3+DECS
3DECSCECHIDECT7+DECB8+DECIO+DEC1IODECL1 s KONsCON1 sPRT
4PRT1 +PRT24sPRT34PRT4 +PRTSsPRTEIPRT7+PRTEPRTIIDEG
STEMRP +TEMP1 s TEMPZ2+s TEMP3 s TEMP4 « X1 s YT o THI ¢ WI 4« SMUI »

~6CMUTL ¢ STHI 3CTHI o ST sKERIQEX14EX29C1 9C24C34C40C5,C6H
TCT7eCBeC9C10+C11aC1I29C1I39C1l144C1IDsC164C1T74C1E84C194C200
BC21 +4C22+C239C244C25+C26+C27+9C289C29+C30sSAVISAVL S
OSAV2+SAVI1SAVY s SAVS ¢ SAVEsSAVT71SAVEBsSAVIsSCL s THCPRWENEWST
XENEWCT +EKPsEKP 1 4 EKP2 ¢+ EKP 3 yEKP4+EKPS+ENEWTHsTHCL  ENEWM o
XAA «KACeNRET +sSW2+EN(9) « PRNOPT ¢sHOLD s JsK L e STOR(1000)

COMMON LTEST

wBC=wB

KOUNT=0

ERAS2=5SMUB/CMURB

EMUB=ATAN(ERASZ2)

SC=SA

9 THCP=THC
CALLBODYX
IF(CNTRL8)2s1 92

2 ERASFE=CTHB*CMUB

ERAS1=STHB*SMUB

FRASE=FRAS1 +FERASE

ERAS2=SMUB/CMUB

ERASE= (ERAS2#ERAS] ) /ERASE

YBC=(YB+YC)/DEC2

ERASE=( (XC—-XB)/YBC)*ERASE

GOTO3

1 ERASE=0

3 CALLSLITET(2+LTEST)
GOTO (544 ) +LTEST

5 CALLSLITE(2)

GOTO6
4 AA=C
GOTO7
6 IF(CNTRL9)Bs7.8
8 AA=((((SC-SB)/CNTRL3)%¥5SMUB)/CNTRLS)*#5MUB

7 ERASE=AA-ERASE
WC=((THB=-THC) ¥ERAS2-ERASE ) #¥WBC+WB
CALLMUSR
IF(DEC)21+20+21
EMUB=(EMUC+EMUB)/DEC2
SMUB=SIN(EMUB)
CMUB=COS (EMUB)



21

10
11

APPENDIX

THBC=(THB+THC)/DECZ2
STHB=SIN(THBC)
CTHBR=COS(THRC)
wBC=(WB+wWC)/DECZ2

KOUNT= (KOUNT+KON)
IF(KOUNT—KNTRL7)9910+10
IF (ABS(THC—THCP)-CNTRL&6)11+114+%
STHC=SIN(THC)
CTHC=COS(THC)

RETURN

END

& IBFTC THASR REF

SUBROUT INETHASR
COMMONXA!YA.THAqWAqSMUAqCMUAQSTHAqCTHAQSAquqYBvTHBq
1WB!SMUB!CMUBQSTHB9CTH595qupquEPBQXC!YCOTHC;WC!
ESMUCQCMUC9STHCOCTHCQSC!EPCSTEPC9EMUAQEMUB!EMUCOTHACQ
3WAC1SMUAC9YAC9EMUACQSTHACqELAC!THﬂCqWUC»SMUﬁCvYQC9EMUBC1
4STHBC9EPBC1TEPBC9iMdC9TANMAQTANM&.EWCQPCOCPC9EM9THCP0
5C0519TAN1sCOSZsTANE-KOUNTqTAPEqALIGHT!BEGS;SVCONQSVCONI9
6SVCON215VCON395VCON4QSVCONSQSVCONéoSVCON7qSVCON59SVCON99SVCOIOQ
7SVvCOl11 EEPQEEPI9EEPEQEEP39EEP4QEEP5qEEP6cEEp79CNTRL9CNTQL11
8CNTRLZ§CNTRL31CNTRL4'CNTQLBQCNTRLéyKNTRL70CNTHLdoCNTHLQqCNTHlOo
9KNTQ11QCNTRIE9CNTQ13!CNTR149CNTQ15§CNTQ169CNTR179CNTR189CNTQ191
XCNTQ54OERASE9EQA519EPASZOERAS3QERASQquAS5sERA56\ERAS7Q
XEQASBQERASQQERASIOQEQASIlvERASlZsEQAS]39ERA5149ERA5159£QA516
COMMONERASl7.ERA518»ERA51Q.ERASBQsEQAszl.ERAS22»ERA523q
lEQA524OERA525QERA5269ERA527»EQA5289ERA5291ERAS3O1ERAS319
2EQAS3EOEQA5331EQA5349bRAS359DECnUEC1sUECZoDEC3nOEC49
3DEC59DEC6»DEC79UECBQDiC91DEC1OODECl19KON9CON19PRT.
4PRT1QPQTZsPQT39pQT4vPRT59PRT609RT7sPRTB»PRTQQDEGQ
BTEMPQTEMPIqTEMPZvTEMP3qTiMP49XIvYI9TH10WI¢SMU10
6ECMUL ¢ STHIZCTHIL 4 S1 WKER1IO$EX] !EX&QCI;C21C3§C49C51C©9
7C7!C89C91C101C119C129C139C14vClivCl69C179C15;C191C209
8C219C221C239C249C251C269C279C281C299C3095AV95AV19
95AV205AV393AV4qSAV5!SAV695AV7!5AVB-SAV915C1sTHCpRSiNEWSTq
XENEWCTqEKDnEKPl9EKP29EKD39€KP495KP59EN5WTH;THClOENEWMQ
XAAQKAC»NRETqSWZOEN(Q)9PQNOPT9HOLUQJ9K9LQSTOR(IOOO)
ERASE=EKP3*ERASZ

FRAS7=CNTRL3-DFC1

FRASB=FRAS7+DECZ

ERASS=SIN(ENEWTH)

ERAS10=COS (ENEWTH)

ERAS11=ERASS/ERASLO
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ERAS12=ERAS56-DEC]1

ERAS12=EKPS/ERAS12

ERAS13=DEC2#%#CNTRL3

ERAS13=ERAS7/ERAS1I3

ERAS14=ERAS2¥%¥EZRAS2

ERAS15=ERAS1/ERAS2

ERAS16=ERAS]1 *¥ERAS10
FRAS16=—-ERAS2¥ERASO+FRASL6
ERAS17=ERAS16%ERASLS

ERAS18=ERASZ2*ERASIO
ERAS18=ERAS1*¥ERAS9+ERAS18
ERAS19=ERAS18%ERAS1S
ERASZ20=ERAS16/ERASL S

FRAS21=ERASE-ERASL3

ERAS21=DECI/ERAS21

ERAS22=DEC1/CNTKRL3
ERAS22=(ERASEH*¥ERASI 3+ERAS22) #ERASE
FRAS23=-DECI1/ERAS22

ERAS21=( (ERAS23+ERASZ21 ) /EZRAST)*DEC2*CNTRLEXEZKPSHERAST ¥ERAS2
ERAS23=( (ZRASB/DEC2)*¥ERAS12-PEC]1 ) /ERALL 4
FRAS23=-FRASI2#ERAS 1 2¥ERASB*ERASE+ERAS23
CALLSSR

SC=5C+5C1

ERASZ22=ERAS11#ERAS11

ERAS24=-DEC1 /ERASZ22
ERAS24=(ERAS24-UDEC1 ) /ERAS23
ERASS=ERAS24%ERAS21

ERAS?P6= ( (ERASB/ERAST7)*¥ERAS1S)/ERASB20
ERAS26=(ERAS26-DEC1 ) *¥ERAS17+DECI
ERASZ28=ERAS16%ERAS18
FRAS27=(ERAS2B/ERAS14)¥FRALZ24
ERAS29=ERAS24~DCC1

ERAS27=( ( (ERAS1Y-ERAS17)%ERASIS*ERAS29+ERAS27 ) /DEC2)*¥ERASS
ERAS27=-ERASZ29*ERASZ2B*ERAST7+ERAS27
ERAS35=CEC1/7ERASR26

ERAS3=SQRT (ERAS35)

ERAS4=( (—ERAS2RS*ERAS3)/ERAST ) *ERAS27
RETURN .
END

$IBFTC MUSR REF

SUBROUT INEMUSR

COMMONXA s YAs THA s WA 4 SMUAsCMUA s STHA«CTHAsSAsXB e YBs THB o

1LWB e SMUBsCMUB s STHR 1 CTHB ¢ SBERPBsTEPB+ XCeYC s THC e WC s

2SMUC ¢ CMUC + STHC 4 CTHC s SC+EPCs TEPC s EMUA+EMUB s EMUC s THAC »
BWAC s SMUAC s YAC «EMUAC s STHACWELAC s THBC s WBC s SMUSCaYSCeEMUBC,
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APPENDIX

4STHBCWEPBC s TEPBC+EMBCoe TANMA s TANMB sEMC sPC s CPCsEMsTHCP
S5COS1+TANL s COS2+TANZ2 +KOUNT s TAPEYWALIGHT eBEGS+SVCON+SVCONT »
6SVCONZ2sSVCON3+1SVCONS ¢ SVCONS s SVCONHE s SVCONT7 s SVCONB e SVCONTI«SVCO10
T7SVCO011le EEPWEEPLW+EEP2+EEP3sELP4 s EEPD CLEPOWEERP7+CNTRILACNTRLL »
BCNTRL2+CNTRL 3¢CNTRL4 sCNTRLS s CNTRLEsKNTRL7yCNTRLEBsCNTRLY ¢ CNTR10
OKNTR11+CNTR12+CNTR1I3+CNTR14+CNTR15+4CNTR1I6sCNTR1I74CNTR1IB+sCNTR19
XCNTRS4 +ERASEsERAS] +ERASZ2IERASIIERASY +ERASS sERASH+ERAS 7
XERASB8«ERASOWERASIQO,ERASL]1 sERASIZ2+ERAS1I3+ERAS144,ERAS1IS,ERASLE
COMMONERAS1 7+ERASIB+ERASIO«ERASZ20+ERAS2]1 +FRASZ22+.ERAS23
1ERAS24 +sERAS2S +ERAS2H+ERAS27+ERASZB+ERASZ2IERASIO+ERAS31
2ERAS32+ERAS33+ERAS34 yERASIS+DECIDECL «DECZ2+DEC3+DECS
SDECS+CECHDECT7 ¢DECB«DECIsDECLIOsDECI1 sKONsCON1 +PRT o
4PRT1 4+PRT24PRT34PRT4L4+PRTSIPRTEIPRTT7+PRTEsPRTI1DEGH
STEMP s TEMP1 « TEMP2 s TEMP 3« TEMP4 « X1 a YT s THI oW1 ¢ SMUT »
6CMUI s STHI s CTHI +S] sKERIOsEX14EXZ24C1 9C24C349C4+CH4CH
7C71C8;C99C100C119C120C130C149C1j1C169C171C15vC199C209
BC214C224C230C24+4C25¢4CLE+C27+L284C29+C30¢5AVISAVE
GSAVE +SAV31SAVL4+SAVS 1SAVEeSAVT 1SAVBesSAVI ¢ 5C1 o THCPRWENEWST »
XENEWCT 1EKPyEKP 1 1EKP2 +EKP34EXKP4 s KPS+ ENEWTH s THCT s ENEWM »
XAA sKACINRET ¢ SW2+EN(9) o PRNOPT s HOLD o J s Kol e STOR(1000)
ERASE=WCH*WC

ERASE=DEZC1 /ERASE

ERAS1=CNTRL3-DEC1

SMUC=((ERASE-DEC1 )/DEC2)*¥=ZRAS1

IF(DEC1I-SMUC)3610s+1 1

CMUC=SQRT (DEC1-SMUC)

SMUC=SQRT (SMUC)

ERASE=SMUC/CMUC

EMUC=ATAN(ERASE)

RETURN

DEC=1 e

RETURN

END

C IPT REF

SUBROUTINEIRT

COMMONXA s YA+ THA s WA s SMUASCMUA o STHA CTHA s SA X3 »YB 2 THB
1WB+sSMUBsCMUB s STHB s CTHB s SB+EPL«TEPB s XCeYCa THC s WC o

2SMUC ¢ CMUC ¢ STHC 4 CTHC + SCEPC s TEPCsEMUA SEMUD «EMUC s THAC

BWAC s SMUAC s YAC+EMUAC s STHAC JELACYTHBC + WsC e SMUSC s YO C 2 EMUBC
4STHBCIEPBC+TEPBC +EMBC s TANMA s TANME sEMC sPC+CPC+EMs THCP o
SCOS1+TANL1 ¢ COS2¢sTANZ e KOUNT « TAPE ALIGHT ¢+ BEGCS 4 5VCON 3§ SVCONL o
6SVCONZ2 +« SVCON3 ¢ SVCON4 ¢ SVCONS s SVCONGE s SVCONT7 e SVCONB s SVCOND 9 SVCO10 s
7SVC0O11ls EEPWEEPRP L WEEP2+CEP3+sEEPG +EEPDECPO«EEP 79 CNTRL«CNTRL 1 o
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BCNTRLZ2«CNTRL3sCNTRL4 +CNTRLS s CNTRLE«KNTRLT7+sCNTRLEBsCNTRLY$CNTXR10
SKNTR11+CNTR12+CNTRI34CNTR144CNTRIS$CNTRIGICNTRI7sCNTRIBsCNTR1S9,
XCNTR54 +ERASE'ERASTI +ERASZIyERASI3ERASY+ERASSyERASOHIERAST
XERAS8,.ERASIIERASIOWERASL1.ERASI2+ERASI34ERAS1I44,ERAS1IS,ERASLSE
COMMONERAS1 7 +ERASIB«ERAS1I9+ERAS20+ERAS21 +ERASZ24+ERAS2 3,
1ERAS24 +ERAS2S+ERAS2G 1ERAS2 7+ ERAS2BVERAS2S 1ERAS30sERAS3]
2ERAS32+ERAS33+ERAS34 +ERAS3BE«DECILECT yDECZ24+DEC34DECYH
3DECS5+DECE+DECT7 +DEZCBsDECO+DECI0sDECL 1 sKONWCONT s PRT
4PRT1 +PRT2+PRTI3+PRTLsPRTHIPRTOIPRT74PRTB«PRTY9DEG
STEMP s TEMP1 « TEMPZ2 s TEMPI3 s TEMP4 o« X1 o YI o THI sWI s SMUI
ECMUT 4+ STHI « CTHI ST sKERIOWEX1 +EX29C14C2+4C34C44C5+CH
TCT7+CB8eCIeC109C11+C12:C133C144C1I59C169C1T74C184C194C200
BC214C221C234C24+C224C26+4C27+C28sC294C30+SAVISAVLE Y
GSAVZ2+SAV3eSAVL s SAVE s SAVE s SAVT7eSAVBeSAVI e SCL1 e THCPRENEWST »
XENEWCT +EKPsEKP 1 +EKP2 +EKP3+EKPY4 +EKPS+ENEWTH, THCI « ENEWM
XAA sKAC+NRET+SW2+1EN(9) s PRNOPTsHOLD s JaKsL o« STOR(1000)
IF(XC—XA-e01)241,1

NRET=4

RETURN

X1=XA+a01

TEMP=XC-XA

TEMP=e01/TEMP

YI=(YC=YA)*TEMP+YA

THI=(THC-THA ) #TcMP+THA

WI=(WC-WA)¥TEMP+WA

SI1=(SC~-SA)Y*TEMP+SA

CTHI=COS(THI)

STHI=SIN(THI)

TEMP1=WI¥*WI

TEMP1=DEC1/TEMP!1

TEMP2=CNTRL3-DECI1

SMUI=((TEMP1-DEC1)/DEC2)*#TEMPZ2

CMUI=5SQRT(DECI1-5MUI)

SMUI=SQRT(SMUI)

NRET=1

RETURN

END

SIBFTC SHKPT REF
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SUBROUT INESHKPT

COMMONXA s YA s THA s WA s SMUASCMUA ¢ STHA ZCTHA3SA X3+ YBs THB
IWB+sSMUB«CMUB s STHB s CTHI s SBaEPBsTERPBa XCeYCoa THC s WC s
25MUC s CMUC s STHC s CTHC s SCoZPC s TEPCIEMUA +=MUB «EMUC s THAC »
SWAC+SMUAC s YACIEMUAC « STHAC+ELACsTHIC s WBC e SMUBC s YSC s EMUBC o
4STHBCI+EPBCsTEPSC+EMSCea TANMA s TANMB sEMC sPC s CRPC +EMy THCP o
SCOS1 +TAN1 +COSZ2+sTAN2 s KOUNT s TAPEsALIGHTsBEGS+SVCON s SVCONI1 o



APPENDIX

6ESVCONZ2+SVCON3 s SVCONSG s SVCONS « SVCONS + SVCONT 4 SYCONB s SYVCONID ¢ 5VCC1 00
T7SVCO11ls EEPIEEPl +EEP2+EEP3+EEPG +ECPS+EEPOWEEP7+CNTRLeCNTRL1 »
BCNTRL2+CNTRL3+sCNTRLYSG ¢sCNTRLD +sCNTRLESKNTRL7 s CNTRLSsCNTRLO«CNTRIQ
OKNTRI1+CNTR12+sCNTRI3+sCNTRI4+sCNTRISICNTRIEWCNTR1IT7sCNTR1IB8¢CNTR19,
XCNTR54 s ERASE+ERAS]1 «ERAS2«ERASIZERASY ERASS 4ERASE.ERAS7
XERASB+ERASIERASIOWFRAS]I1 ERASIZ24+ERASI3+ERAS144,ERAS1IS,ERALLSE
COMMONERAS]1 7+ERASIB+ERASIOIERASZ204+ERAS2] yERASZ2+ERAS23,
1ERASZ24 +ERAS2S+CRASZ2E6 4ERAS27+ZRAS2B+ERAS294FRAS30C+SRAS31 .
ZERAS32+ERAS334+ERAS34 yERAS354s0CCeDECL ¢+DEC2+sDEC39DECYS
SDECS+CECHWDECT7 +DECBIDECOWDECIOIDECLI 1 o KON+sCON1 +FPRT
4PRTI +PRTZ2+PRTI34PRT4sPRTDIPRTEPRT7+PRTBPRTI«DEG
STEMP « TEMP 1 s TEMPZ2 s TEMP I3 s TEMPG o XTI o YT o THI e W] e SMUIL s
6CMUI¢STHIQCTHI¢SIaKERIOQEXIoEXEOCI9C29C39C49C59C69
TC74CB83sC99C109C114C129C139C144C134C164C174C18¢C194C200
BC21 ¢C224¢C2349C24+4C25+C26+4C27+C28e¢C294C3015AVISAV]
OSAVZ2+sSAV3eSAVL 4SAVSsSAVEISAVT71S5AVE s SAVG 4 SC1 s THCPRWENEWST s
XENEWCT s EKPsEKP 1 ¢+EKP2 sEKP34EKP4 +EKPS«ENEWTH s THC1 o ENEWM o

XAA ¢ KACINRET s SW2+sEN(D) s PRNOPT ¢ HOLD ¢ JoeK sl s STOR(1000)

CALLNEWB

HOLD==1e

THAC=THA

WAC=WA

ERASE=SMUA/CMUA

EMUA=ATAN (ERASE)

EMUAC=EMUA

EPBC=EPB

TEPBC=TEPB

KOUNT =0

ERASE=ENEWST/ENEWCT

CALLEPSR

CALLTHASR

ERAS6=SIN(THAC)

ERAS7=COS (THAC)

ERAS8=SIN(EMUAC)

ERAS9=COS (EMUAC)

ERAS1C=COS(EPBC)

ERAS1C=(SIN(EPBC))I/ERAS1O

ERAS11=ERASB/ERASQY

ERAS13=ERAS6¥ERASS

ERAS13=ERAS7*ERAS9-ERAS513

ERAS12=ERAS6E¥*¥ERAS9

ERAS12=ERAS7¥ERASB+ERAS1Z

FRAS14=ERAS12/ERAS1 3
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APPENDIX

XC=ERAS14-ZRAS10
YC=-XB*ERAS10+YB
XC=(XA¥ERAS14-YA+YC)/XC
YC=XCH#ERAS10+YC
YAC=(YC+YA)sDEC2
IF(CNTRL8B8)1+2s1

ELAC=0

GOTO31
ELAC=(((ERASBXERAS8) /ERASI )I¥ERASE)/ERAS]L 3
ELAC=( (XC—-XA)/YAC)IH*EZLAC
ERAS15=ERAS4/WAC
ERAS1S=ERAS15-ERAS11
ERAS16=(ERAS3-WA)/WAC
ERAS16=ELAC-ERAS1S
IF(CNTRL9)4 4344
ERAS18=CNTRL3%¥CNTRLS
ERAS18= (ERASB¥ERAS8)/ERASL S
ERAS15=ERAS18*ERASS+ERAS1S
ERAS16=(SA-SC)*¥zRAS18+ERASLSE
ERASIS=ERAS16/ERAS1S
THCP=THC

THC=THA+ERAS]S
THCPR=THC+THC!
WC=ERAS4¥ERAS]1S5S+ZRAS3
CALLMUSR

IF(DEC)214+20421
EMUAC=(EMUC+EMUA) /DEC2
WAC=(WA+WC)/DECZ2
THAC=(THA+THC)/7DEC2
ERAS7=COS (THCPR)
ERASE6=SIN(THCPR)
ERASE=ERAS6/ERAS7Y

CALLEPSR
ERPBC=(EPC+EPB3-THCl )/DEC2
KOUNT=KOUNT+KON
IF(KOUNT-=KNTRL7)6+5+¢5
IF(ASS(THC-THCP)-CNTRL6)74746
IF(CNTRLI)F+849

CALLSSR

GOTO10

SC=5A

GOTO11

5C=5C+5C1

STHC=SIN(THC)

CTHC=COS (THC)
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APPENDIX

EPC=EPC-THC1
SAV=COS(ERPC)
TEPC=SIN(EPC)/SAV
HOLD=1.

RETURN

END

$IBFTC BODYX REF

SUBROUTINEBODYX

COMMONXA s YA s THA s WA +SMUASCMUAsSTHAWCTHAISA XS s YBeTHB

1WB ¢eSMUB +CMUB + STHB s CTHES + SO +EPB e TEPS e XCa YT o THC « WC o
2SMUC s CMUC s STHC s CTHC 9 SCHEPCH» TEPC s ZTMUA +EMUBIEMUC« THAC »
SWAC s SMUAC s YAC+EMUAC +STHAC+ELACaTHBC o+ WBC s SMU3C s YO CWeEMUBC
4STHBC+EPBC+TEPBC+EMBC s TANMA s TANMB +EMCsPCsCPCsEMs THCP»
SCOS1 e TANL +COS2+TANZ s KOUNT+ TAPE+ALIGHT +3EGS4SVCONSSVCONL o
ESVCONZ2 » SVCON31SVLEONS ¢« SVCONS s SVCONG ¢« SVCONT7 e SVCONS s SVCONI ¢ SVCO10
7SVCO11s FEPWEEP 1 +ECP2+EEP3+EEP4EEPS+EEPSIEEP7+CNTRL+CNTRL1 »
8CNTRL2’CNTRL39CNTRL4QCNTRLS!CNTRLé’KNTRL7!CNTRL8QCNTRLQOCNTRIO!
OKNTR11¢CNTRI2+CNTR1I3+CNTR14+CNTR1IS5+CNTR1I6sCNTR1I7sCNTR1I83sCNTR19
XCNTRS4 sERASE+1ERASI 4yERAS2+ERAS3I1ERASY +ERASSWERASEIEZRAST7
XERASBIERASO+ERASIOWERASLIWERASIZ2IERASI3ZIERAS144+cRAS1I54+ZRAS1E
COMMONERAS17+ERASIBWERASIDI«ERAS20+ERAS21 +ERASZ2+ERASZ23
1ERASZ24 yERASZ2S+ERAS2E +ERAS27ERASZByERAS29+ERAS30+.ERAS31
P2ERAS32+ERAS33+ERAS34 +ERAS3S+DECIDECL +DEC24DEC3+DEC4
3DECS+CECHWDECT7 +DEC8+DECIsDECIQsDLECL 1 +KONWCON1 o PRT

4PRT1I sPRT2+PRT3+sPRTL4«PRTSIPRTEWPRT7+sPRTBIPRTI+DEG
STEMP s TEMP 1 « TEMPZ2 4y TEMP 34 TEMP4 o XTI aYI ¢ THI s W1 aSMUI
6CMUIL s STHI s CTHI ¢ST yKERIOWEX1I+EX29C1 4C24C34C44C54CH
TCT74CBaCIeC10sCI114C124C139C144C154C1E4C174C18+C1P+C200
BC21+C224C234C24+1C254C264C27+C289C29+4C309SAVISAVL
OSAV2+sSAV3sSAVE ¢ SAVS «SAVEsSAVT7eSAVBsSAVIsSCL s THCPRIWENEWST s
XENEWCT +EKPIEKP ] yEKP2 +EKPB3+EKP4+EKPS+ENEWTHTHC1 s ENEWM »

XAA sKACINRET+SW2+EN(D) s PRNOPT sHOLD s JsKaL e STOR(1000)

YC=0

THC=0

ERASE=5SMUB/CMUB

ERAS1=STHB/CTHB

ERAS2=ERAS1*#ERASE+DEC!

ERASE=(ERAS1~ERASE ) /ERASZ2

XC=(ERASE*XB-YB)/ERASE

RETURN

c CENTERL INEBODY
END

$IBFTC SUBR REF
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SUBROUTINESUBR
COMMONXA s YA s THA WA+« SMUASCMUA sSTHAWCTHAISAXBeYBeTHB

IWB+SMUB «CMUB s STHB +CTHE s SBEPS+ TEPB ¢« XCoYC o« THC s WCe
25MUC s CMUC s STHC o CTHC e SCHERPCs TEPC s TMUA «EMUB +EMUC s THAC »
3WAC s SMUAC s YAC+EMUAC « STHAC «ELACs THEC s WBC + SMUSC 2+ YSC2EMUBC s
4STHBCOEPBC9TEPBCQEMBCOTANMAOTANMB!EMCOPQ’CPQ!EMOTHCP‘
S5COS1 2+ TAN1 4 COS2 s TANZ2 +KOUNT « TAPE s ALIGHT +BEGS«SVCON«SVCONL
6SVCONZ2 9+ SVCON3 9SVCON4 ¢ SVCONS s SVCONG s SVCONT7+SVCONB ¢ SVCONG s SVC010s
7SVCQO11ls EEPRPWEERP] +EEPRP 2 +EEPBIEEP4sEERPS+EERPH+EEP7+sCNTRL «CNTRL 1 o
BCNTRL2+CNTRIL3+CNTRLY o CNTRLS s CNTRLE+«KNTRL7sCNTRLBsCNTRLGsCNTR10
OKNTR11sCNTRIZ2+sCNTRIBsCNTRIG4+sCNTRISICNTR1IG+CNTR1I7+CNTRIS«CNTR19
XCNTRS4 sERASEJWERAS]I sERASZCIERASIBIERASL JERASS yERASHIERAS 7
XERASB+1ERASGERASIOWERAS]I14ERASLIZ2ERASI3ZTRAS1I4+ERASISHWERASLG
COMMONERAS17+ERASIBIyERASIG«ERASZOWERAS2 1 +ERAS22+ERAS2 3,
1EQASZ4OEQA52515QA526QEQA5279ERASEB9EQASEQ§EQASBO§ERA531!
CERAS32+ERAS33+ERAS34 4ERASIS«DECIDEC]1 +DECZ2+DEC34OECYS
3DECS+CECEsDECT7+DECB «DECIDECIQIDEC1 I +KONsCONL +PRT s
4PRT1 sPRT2+sPRT3+4PRT4 +PRTSIPRTEOPRTT74PRTBsPRTIDEG
STEMP « TEMP1 s TEMPZ2 ¢ TEMPI3 s TEMP4 o XTI a YT o THI sWI s SMUT o
HECMUT ¢ STHI ¢ CTHI ST ¢KERIQOWEX1+EX249C14C29C34C4aC54CH
TC7eCBeCTeC109C114C124C139C14+C1I154C161C174C189C194C20
BC21 +C22+1C234C244C251C264C274C284C294C30+5AVeSAV] e
GSAVZ2 +sSAVIeSAVL 4SAVD s SAVEeSAVT7eSAVBYSAVI e SClL e THCPRENEWST »
XENEWCT s EKRPI1EKP 1 +EKPZ2 +EKP32yEKP4+EKPS+ENEWTH« THC1 s ENEWM
XAA KACINRETIsSW2+EN(9) ¢+ PRNOPT s HOLD o J e KoL s STOR(1000)
ENEWM=2 e 685947+ e 725327%¥YC+SOART(-174506468%YC*YC
147 e870908#YC—el102477)— (1662 ¢807HYC)I)¥(XC=(YCH+e7479)/e277)
THC1I == 0325/ (YCH ¥ eH4T7D) =1 e 65#YCAN2 e 7ID+e0424%# (XC=
1(YCH+e7479)/e277)/YCH¥]1 4 068
THC1=-THC1
SCl=153e/YCHke6TS
RETURN
END

FISFTC MOVIC REF
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SUBROUTINEMOVIC

THESE SUBROUTINES USED IN BOTH FIRST AND SECOND SHOCK REGIONS

COMMONXA s YA s THA ¢ WA s SMUASCMUA s STHA ZCTHA1SAIXB 1 ¥B,y THB

1WB s SMUBsCMUB +STHBsCTHB s SB+EPBsTEPB s XCsYC s THC s WCs
25MUC s CMUC s STHC s CTHC s SCHERPC s TERPCsEMUA JEMUB sEMUC ¢ THAC

SWACsSMUAC s YAC+EMUAC s STHACWELACsTHBC s WBC « SMU3C s YSC+EMUBC
4STHBC+EPBC s TEPBC +EMBC s TANMA s TANMB s EMC sPC s CPCsEMs THCP o
SCOSI+TANL s COS2TAN2 ¢+ KOUNT s TARPEsALIGHT+BEGS+SVCONsSVCONT
6ESVCONZ2 s SVCON3 s SVCONL e SVCONS s SVCONSE s SVCON7 4 SVCONB s SVCOND 4 SVCOL10



APPENDIX

75VC011s EEPEEPI yZEP2yEEP3+EEP4EERPSEEPG6IEEP 7« CNTRL«CNTRL 1 »
BCNTRLZ2ZyCNTRL3 3 CNTRL4 ¢ CNTRLOsCNTRLE«KNTRL7 s CNTRLB«CNTRLI«CNTR10
GKNTR11+CNTR1Z2+CNTR134CNTR14+CNTR1IS+CNTRIG+CNTRIT7+CNTRIB8yCNTR19,
XCNTR54QEQASEQERASI1ERA529ERAS3tEQAS4qERAS5qERA569EQAS71
XERASB+ERASGWERASID+ERASL 1 +ERASI2WERASLI2+ERAS1I44.ERAS1IS,ERASLE
COMMONEQASI7OEQA5189ERA519QEQASEOQERA521OERA5221ERA§239
1ERASZ24 +ERASZ25+ZRAS26+ERAS27+ERASZ2B.ERAS29+ERAS30OWERAS3L »
PERAS324.ERAS33.ERAS34 4,ERAS3S5,DEC+DEC] +DEC24DEC3+DECYS
3DECS+CECH+DECT7 +DECB8WDECIIDECIO«DECI 1 +<ON+sCON1 +PRT
4PRT1 4PRTZIsPRTIPRTEGI«PRTSPRTEIPRT7+PRTB8«PRTI+DEGH
STEMP s TEMP1 ¢« TEMPZ2 s TEMP3 s TEMP4 ¢ XTI s YI s THI sWI s SMUI
6ECMUI ¢ STHI ¢ CTHI ST s KERIQIEX14EX24C1 4C24C3+3C49C5+4CH
TC7+CByC99C109sC114C124C134C144C15+4C163C174C18BsC194C200
BC214C224C234C24+CZ254CEZ01C2T7+4C28+C22+4C30+5AVISAVI
OSAV2+4SAV31SAVYE 4sSAVS +SAVE«SAVT71S5AVBsSAVI9SC1 « THCPRENEWST »
XENEWCT +EKP+EKP1 4 EKP2 +EKP34EKP4+EKPS+ENEWTHsTHC1 s ENEWM o
XAA s KACs+NRET s SWZ2+EN(9) s PRNOPT s HOLD ¢ JsKsL ¢« STOR(1000)

XC=XI

YC=Y1

THC=TH

WC=WwI

SMUC=SMU I

cMuUuC=CMUI

STHC=STHI

CTHC=CTHI

SC=81

RETURN

END

$SIBFTC MOVCS REF

SUBROUTINEMOVCS

COMMONXA s YA s THA sWASsSMUASCMUA ¢ STHAGCTHAISA X3 s YB e THB »
ITWB+SMUBsCMUB +STHB s CTHS ¢ SB+EPBsTEPB e XCoYC s THC +WC o
25MUC +CMUC ¢ STHC W CTHC s SCoERPC I TERPCIsEMUA +ZMUB +sEMUC s THAC s
SWAC s SMUAC s YACsEMUAC+STHACWELACsTHBC s W3C s SMUBC s YBC s EMUBC o
4STHBCW+EPBCsTEPBC +EMEBC s TANMA s TANMB sEMC sPC s CPC +EM s THCP »
SCOS1 e TANL sCOS2sTANZ2 « KOUNT s TAPE WAL IGHTsBEGS +SVCON s SVYCONL »
6SVCONZ2+SVCON39SVCON4G s SVCONS s SVCONGE+SVCONT7 s SVCONB s SVCONI s SVCO10,
7SVCO011s EERPWEEP] o EEP2+EERP3+EEP4+EEPS+EEPS«EEP7sCNTRL«CNTRL L s
BCNTRLZ2+CNTRL3+sCNTRLE4 +CNTRLS s CNTRLE+KNTRLL7+CNTRLB«CNTRLGWCNTK1O
SKNTR11+CNTRIZsCNTR13+sCNTRI14+sCNTR1IS+CNTR1IE6sCNTR17+CNTR1IB84CNTR19y
XCNTRSB4 +ERASE+ERAST +ERASZ2WERAS31ERASY +ERASS ERASE«ERAS 7
XERASB+ERASI+ERAS10+ERASTI1WERASIZ2«ERAS1I3+ERAS144+,FERASIS.ERASILS
COMMONERAS17+ZRAS1I8+ytRAS19+ERASZ204+ERASZ1 vERAS22+yERAS23,
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1ERAS24 +yERAS2S+ERASZ26 +ZRAS27+ERASZ8+ERASZ29+ERASIV«ERAS3]
2ERAS32+ERAS33+ERAS34 +ERAS3S+DECsDECL +DEC2DEC33sDEC4
3DECS+DECEWDECT7 +DECBsDECIOIyDECIOIDECI 1 +KONSCONL1 sPRT o
4PRT1 +PRTZ2+PRT34PRT4+PRTSsPRTEPRT7+PRTByPRTO+DEG
STEMP s TEMP1 s TEMPZ2 s TEMP3 s TEMP4 9 XTI o YI s THI o WI ¢ SMUI »
G6CMU] « STHI +CTHI 9S]1 o+ KERIOSEX1 sEX24C14C2eC39C41C5+4CH
TC7+4CB8eCO99C104C11aC124C134C144CLlD4C163C174C184C194C200
BC214C224C239C244C254C269C274C2B8+C29¢C30+S5SAVISAVL
O9SAVZ24+SAV3+SAV4L s SAVS s SAVE Y SAVT7eSAVBs SAVIISCL s THCPRWENEWST »
XENEWCT 1EKP4EKP1 o EKP2 4ERXKP34+EKP4+EKPSsENEWTH«THC1 s ENEWM
XAA sKACINRET ¢« SW2 +EN(9) s+ PRNOPT s HOLD s JeKsL s STOR(1000)
SAv=XC

SAV1I=YC

SAvZ2=THC

SAV3=WC

SAv4=5MUC

SAvV5=CMUC

SAV6=STHC

SAVv7=CTHC

SAVY8=5C

RETURN

END

$IBFTC MOVSC REF
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SUBROUTINEMOVSC

COMMONXA s YA s THA s WA SMUASCMUAWSTHASCTHAISAs X3 e YBesTHB
ILWB+SMUBIsCMUB+sSTHB s CTHB ¢+ SB+EPB«TERPEB«s XCosYC o THC s WC s
2SMUC s CMUCHySTHC s CTHC s SCHEPC+ TEPCIEMUA yEMUB I EMUC s THAC »
BWACsSMUAC s YAC sEMUAC s STHAC 4ELACsTHBC ¢ WHBC 4« SMUBC s YSCsEMUBC o
4STHBC+EPBCTEPBCEMBC s TANMA s TANMB yEMC sPCaCPC +EMos THCP
SCOS1 e TANL1 yCOS2 +« TANZ + KOUNT s TAPE AL IGHT ¢ SEGS + SVCON s SVCONL o
6SVCON2sSVCONI3 s SVCONG ¢ SVCONS s SVCONGE « SVCON7 9 SVCONB s SVCOND 4 SVCO1 00
7SVCO11le EEPWEER I +EERP2+EEP3+EEPYG +EFEPS+EEPGEEP7sCNTRL «CNTRL1 o
BCNTRL2+CNTRLI3sCNTRLEG +CNTRLS5 s CNTRLE «KNTRL7sCNTRLBsCNTRLO«CNTR10,
IOKNTR114CNTR1I2+CNTRI3+CNTR14+CNTR1S54CNTR1IG6+CNTR1I7+sCNTRIB$CNTR1G
XCNTRG4 +ZRASE sERAS]T +ERAS2ERASZERASYL +ERASS yERASHEIWERAS 7
XERASB sERASDGERASIOWFERASLI1ZFRASIZ2,ERASI3ERASI4+ERASISWERASLE
COMMONERAS 1 7+ERASIB+ERASIG«ERASZ20ERAS21 yERASZ22.ERAS23,

1ERASZ24 +ERASZ2SIERASZ2HIERAS27+sERASZ2B+ERAS294ERAS30ERAS3L
PERAS3Z24+ERAS3I+ERAS34 sERASBSWDECIDECL «DEC2+DEC34DEC4Y
BDECSWCECHWIECT +DECB4DECIIDECLIOWDECI 1 o KON« CONI1 o+ PRT o
4PRT1 4PRT2PRT3+PRTG PRTOWPRTEPRT7PRTBIPRTI+DEG
STEMP ¢ TEMP ] o TEMPZ s TEMP3 s TEMP 4 o X1 a YT o THI oWl ¢« SMUI »

6CMUI 4 STHI s CTHI ¢ ST sKERIOIEXIWEX29C14C2+9C34C44C54C6H
T7CT7+CBsCOeC10sC119C12¢C130C144C154C16+4C174C184C194C200

BC21 4C22¢C234C24+C254C269C279C284C29¢C3045AVISAVL



APPENDIX

GSAV24SAV3I4SAVEL ¢ SAVS s SAVE2SAVT745AV8 s SAVI 4 SCL s THCPRSENEWST s
XENEWCT ¢EKP s ERKP 1 +EKP2 4ERKP34EKP4+EKPS+ENEWTH s THCL +ENEWM
XAA+sKACsNRET s SW2+EN(S) s PRNOPT +HOLD s JaKsL +STOR (1000
XC=SAV

YC=5AV1

THC=SAvV2

WC=SAV3

SMUC=SAV4

CMUC=SAVS

STHC=SAVé6E

CTHC=SAV7

SC=SAvS8

RETURN

END

SIBFTC MOVEBA REF

SUBROUTINEMOVBA

COMMONXA s YA s THA s WA s SMUA s CMUA « STHAsCTHASSAIXS3eYBeTHB
IWBeSMUB+CMUBsSTHB ¢ CTHB s SS+EPS«TEPB ¢« XCoeYC s THC s WC o

25MUC s CMUC 4 STHC s CTHC ¢ SCHERPC s TEPCycMUA «=MUB +EMUC ¢ THAC »

BWACsSMUAC « YACYEMUAC « STHACyELACs THEC e+ W3C s SMUSC ¢+ YSC s EMUBC

4STHBC s =PBCsTEPBC « EMBCoe TANMA o TANMB s EMCaPCaCPC +EMaTHCR o

5C0O0S1 o« TANL s COS2 s TANZ2 « KOUNT « TAPE s AL IGHT «+BEZGES +SVCONsSVCONI1 o
6SVCONZ2+SVCON3+SVCONYG s SYCOND s SVCONG s SVCONT7 s SVCONB s SVCON9 ¢ SVCO10
TSVCC1l1le EEPEEP L W EEP2+EEPBsEEPY s EEPSWEEP SO «EEP 7+ CNTRLsCNTRL 1y
BCNTRLZ2«CNTRLI3+CNTRLSG ¢ CNTRLOD s CNTRLE«KNTRL 7+ CNTRLE ¢+ CNTRL9+sCNTR1O0
OKNTR1 1 +CNTR1IZ24CNTRI3B+CNTR14¢CNTR1IS54CNTR1IEsCNTR1I7+CNTRIB8sCNTR19,
XCNTRB4G +sERASEsFRASLI 2 ERASZ2+ERASSERASY sERASS«ERASHIERAST7
XERASB+ERASOWERASICWERAGI 1 +ERASIZ24+ERASI3WERASTI4,4,ERASI5,ERASL6
COMMONERAS]1 71ERASIBS«ERASIG+ERAS20+ERAS21 +ERAS22+ERAS23,

1ERASZ24 .ERASZCES 4ERASZH «ERAS27+ERASZBWERASZ294ERAS30ERAS31 ,
2ERAS3Z2+ERAS3Z+ERAS34 +ERASZSS+DEC+DECTI +DECZ2+DEC3+DEC4
BDECSCECHEsDECT7+DECB+DECOsDECLIOWDECL] +<ONsCON1 +PRT

4PRT 1 +PRT2+sPRTI4PRT4L4 4PRTDPRTEPRTT7,PRTByPRTIWDEG s

STEMP s TEMP 1 s TEMP2 ¢ TEMPI3 s TEMP4 « XTI YT o THI oW o« SMUI

ECMUT +STHI «CTHI sST +KERIODIEXT4EX29C1+4C29C34C44C54CH
TC74CBaCP9C1l10sC1143C124C134C144C1ID4C1E6+C17aC184C194C200
BC214CT22+C23+C24¢C254C263C274C28+4C294C30945AVISAVL e
OSAV2+1SAV3sS5AVL4 4 SAVS s SAVEeSAVT7 e SAVB e SAVI I SCL e THCPRWENEWST o
XENEWCT s EKPsEKP 1 +EKP2 ¢EKP3EKP4 +EKPSsENEWTH s THC1 o ENEWM

XAA sKACINRETsSW24EN(D) s PRNOPT «HOLD ¢ J e KoL s STOR(1000)

XA=XR

YA=YB

THA=THB
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WA=WB
SMUA=5MUB
CMUA=CMUB
STHA=STHB
CTHA=CTHB
SA=SB

RE TURN
END

$IBFTC MOVCB REF

54

SUBROUT INEMOVCB
COMMONXA s YA s THA s WA+ SMUA S CMUA +STHA 3 CTHAsSAXBaYBaTHB
1 WB +sSMUB sCMUB s STHB s CTHB ¢ SB+EPS+TEPB e XCoYCa THC s WC s
25MUC+CMUC s STHC 4 CTHC + SCHAEPCyTEPCsEMUA +EMUB +EMUC s THAC»
3WACsSMUAC s YACWEMUAC + STHACWELACsTHBC + WBC + SMUBC s YBC+EMUBC »
G4STHECIEPBCsTEPBC+EMBCes TANMA s TANMB sEMC e PC e CPC+EMs THCP »
SCOS1 s TANL ¢ COS2+sTANZ2 s KOUNT o TAPE AL IGHT +BEGS +sSVCON« SVCONL »
6SVCON2 s SYCONS3 s SVCONS 4 SVCONS s SVCONG « SVCONT7+SVCONB ¢« SVCONG ¢ SVCO100
7SVCO11ls EEPsEEP] oEEP2EEPBsEEPY +EEPS+EEPGEI'FEEP79CNTRLICNTRL 1 »
BCNTRL2+CNTRLI3sCNTRLY ¢+ CNTRLS ¢ CNTRLEWKNTRL7 s CNTRLEYCNTRLI+CNTR1O0
OKNTR11+CNTR1I24CNTRI3sCNTR14+CNTR1IS4CNTRIG6«CNTRI74CNTR184CNTR19
XCNTRS4 ¢ ERASEsERAS1 +ERASZ21ERASBIERASL +ERASSERASE«ERAST
XERASBERASO sERAS10FRAS11+ERASIZ2WERASI3«ERASI4WERASLISLERASLSE
COMMONERASI 74ERASIBERASIFIERASZ20+.ERASZ1 +ERASZ22+.ERAS23,
1ERAS24 yERAS2SWERASPHERAS271ERAS28+ERAS29+ERAS304ERAS31
PERASIB2WERAS334ERAS34 +ERAS3S+DECIDEC]L «DEC2+DEC34DEC4
BDECS 4 DECHsDECT7 +DECB+DECO4DECIOsDEC11 +KONSsCON1L1 oPRT
4PRT1 +sPRT24PRT34PRT4PRTS«PRTEIPRT74PRTB81PRTI «DEG
STEMP s TEMP1 « TEMP2 s TEMP3 s TEMP4 ¢ X1 a YT o THI s WI s SMUIT
BCMUI s STHI s CTHI +S] s KERIOIEX14EX249C1+C2eC39C4+C54COH
TCT74CEBeCIaCl09C114C124C13+C144CI5+C16eC174C154C194CR200
BC21+C2241C234C244C254C264C27+4C28+4C294C3045AVSAVL
OSAV2 +SAV3+SAVE ¢SAVS sSAVEsSAVT7eSAVBeSAVI 9 SCL s THCPReENEWST »
XENEWCT ¢ EKP sEKP 1 +EKP2 4yEKP3+EKP41EKPS+ENEWTH, THC1 s ENEWM
XAA s KAC+NRET s SW2 sEN(D) +PRNOPT+HOLD s JeKsL e STOR(1000)
X3 =XC

YB=YC
THB=THC
wB=wC

SMUB=5SMUC
cMuB=CMUC
STHB=STHC
CTH3=CTHC
5B=5C
RETURN
END



APPENDIX

$IBFTC WRTSK REF

SUBROUTINEWRTSK

COMMONXA s YAs THA s WA SMUAWCMUA s STHAWCTHAsSAsXi3sYBaTHB s
1WB+SMUBsCMUB +STHBWCTHE s SBsEPBsTEPEB s XCaYCaTHCsWC o

2SMUCsCMUC I STHC «CTHC ¢ SCHEPC s TERPCIEMUASEMUB +EMUC s THAC »

SWAC s SMUAC ¢ YACWEMUAC s STHACWELACsTHEBC + WEBC s SMUSC s YBC+EMUBC
GSTHBC«EPBCsTEPBC+EMRCs TANMA s TANMB sEMC s PC e CPCsEMs THCP o
5C0O0S1¢TANLI s COS2sTANZ s KOUNT s TAPEsALIGHT +BEGS+SVCONSVCONIL »
6SVCONZ2 s SYVCON3 s SVCONG « SVCONS « SYVCONE s SYVCONT7 ¢ SVCONB s SVCONI 4 SVCO100
T7SVCO11le EERPWEEPL WEEP2«EEP3+EEP4 s EEPSIEERPOSEEP7+sCNTRLsCNTRL 1 »
BCNTRLZ2 ¢ CNTRL3+CNTRLYSG +CNTRLS s CNTRLOESKNTRIL7 s CNTRLB«CNTRLIsCNTR10
OKNTR11+4CNTR1IZ2+CNTRI3+CNTR14¢CNTR1I5+CNTR1IG64CNTR1I7+CNTRIBICNTR1Y
XCNTQ540ERASEOERASI9ERASZ)EQASB!EQAS4oERASSqERASé!EQAS70
XERASBIW«ERASIIERASIDWRASLI1 sERASIZ2+ERASIZERAS14,4+ERASIS5.ERASLS
COMMNONERAS1 7+sFERASIB+ERAS194FFRASZ20+ERAS21 +ERASZ22+ERAS23

1 ERAS24 yERAS2GWERASZH IsERAS27+ERAS284EZRAS29+FERAS30+ERAS31
PERAS32+.ERAS3B3+ERAS3G yERASIS s DECIDECL s DEHC2+DEC3sDEC4H S
BDECS+CECHEsDEC7 s DECB8sDECIeNDECIOWDECTI 1 o KONWsCON1 +PRT o

4PRT1 4PRT2+sPRTI3+PRT4A PRTHSIPRTEIPRT7+PRTBsPRTI¢DEG
STEMP TEMP1 s TEMPZ « TEMPI3 ¢ TEMP4 ¢ XTI o YT s THI oW o SMUI o
OECMUIL ¢ STHI s CTHI +51 s KERIOWZX1 sEX29C1+eC24C34C44C5+CH
TCT74C83C99C109C114C124C134C144CLI54C164C17+4C184C194C200
BC214C22+C23+C2443C254C264C274C28+C294C309S5AVISAVE
GSAVZ2 1 SAV3eSAVA s SAVSsSAVEsSAVT7eSAVEBeSAVILSCL 2« THCPR«ENEWST
XENEWCT e EKPsEKP ] +EKP2 sEKRPI3 ¢ EKP4 +EKPSsENEWTHTHC1 s ENEWM o

XAA S+ KACATNRET s SW2 ¢EN(D) o PRNOPT ¢ HOLD 9 J o KsL s STOR(1000)

EX1=FPC

EX2=TEPRPC

CALLWRTGN

RETURN

END

$IBFTC WRTCGN REF

SUBROUTINEWRTGN

COMMONXA s YA s THA s WA s SMUACMUA s STHA GCTHA s SA XS e YB s THB
I1WBsSMUBsCMUB«STHEB s CTHB 4 SB.EPBsTERPB s XCoaYCoa THC s WC
2SMUCsCMUC « STHC ¢ CTHC ¢ SC A ERPC s TEPC +=EMUA +EMUB «EMUC s THAC »
SWACsSMUAC s YACYEMUAC +« STHAC+ELACs THBC s W3C e SMUBC s YSCEMUBC
4STHBCWEPEC«TEPBC sEMBC s TANMA s TANMB s EMC sPC + CPC s EMs THCP o
SCOS1 ¢+ TAN]1 ¢ COS2+TANZ +KOUNT s TARPE+ALIGHT ¢ BEGS 4 5SVCON s SVCONL o
6SVCONZ +« SVCON3 ¢ SVCONSG s SVCONS s SVCONG ¢ SVCONT7 4 SVCONBsSVCOND s SVCO100
T7SVCCO11ls CEPWEEP] sEERP2ERPRIEEP4+EEPS +EEPSWEERP7+CNTRL «CNTRL1 o
BCNTRLZ2+CNTRLZ2sCNTRLY yCNTRLS s CNTRLOAE+«KNTRLL7 s CNTRLBsCNTRLS«CNTR10 0
GKNTR11+CNTR12+CNTR1I3+CNTR14+CNTRIS5sCNTR1IGEsCNTR1IT7+CNTR18+CNTR19
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XCNTR54 +ERASE+ERAS 1 +yERASZ+ERAS3BIERASSG +ERASS+ERASHIERAS 7
XERASS;EQAS9¢ERASIO'ERASI1QERASI21ERASI30ERASI49ERASIS:ERA516
COMMONERAS17+ERASIB8+ERASI9+ERAS20+ERASZ1 +ERASZ22+ERAS23,
1ERASZ24 +ERAS2S+ERAS26+ERAS27+ERASZ8+ERASZ29+ERAS30ERAS31
2ERAS32+ERAS334+ERAS34 4ERAS3S«DECIDEC]1 +DEC2+DEC3+DECY
3DECS+CECEWDECT7 +DECB8sDECIOsDECLIOsDEC11 +iKONsCON1WPRT
4PRT1 +PRT2+PRT3+PRT44PRTSPRTEPRT74PRT8+PRTIsDEG
STEMP s TEMP1 s TEMPZ2 s TEMP3 4 TEMP4 o X1 o YI o THI s W1 ¢« SMUI »
6CMUT o STHI W CTHI 4 SLeKERIOIEX1+EX21Cl+C29C3eC49C5+C6
7CT74C84CO9C101C114C12+C134C141C151C16¢C174C183C194C200
BC214C22+1C23¢C244C25¢C264C27+C289C294C30¢SAVISAVL e
ISAV2 1 SAVI3sSAVELE s SAVS1SAVEISAVT7eSAVBesSAVIISCLl « THCPR«ENEWST
XENEWCT+EKP1EKP 1 +EKP2 yEKP3+EKP4+EKPS +ENEWTHTHC1 s ENEWM
XAA+KACIsNRETsSW2+sEN(9 )+ PRNOPT +HOLD s JeKsL « STOR(1000)
STOR(K)=XC

STOR(K+1)=YC

STOR(K+2)=THC

STOR(K+3)=wWC

STOR(K+4)=5MUC

STOR(K+5)y=CMUC

STOR(K+6)=STHC

STOR(K+7)=CTHC

STOR(K+8)=SC

K=K+9

RETURN

END

$IBFTC SSR REF
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SUBROUT INESSR
COMMONXA o YA s THA s WA s SMUA s CMUA s STHA s CTHA s SA s X3+ YB s THB o

1WB «SMUB+CMUB+STHB +CTHB s SB«EPB s TEPB s XCsYCos THCsWC o

25MUC s CMUC ¢ STHC s CTHC s SCyERPCs TERPCIEMUAZEMUB +EMUC ¢ THAC »

BWAC s SMUAC ¢ YAC+sEMUAC + STHACWELACsTHBC + WBC « SMUBC s YBC s EMUBC »

4STHBCEPBC+TEPBC sEMBCs TANMA s TANMB sEMCsPC +CPC+EMs THCP 4

S5COS1+TAN1 +COS2+TANZ2 +KOUNT+ TAPEWALIGHT +BEGS+SVCONsSVCONT »

6ESVCONZ2 ¢ SVCON3 s SVCON4 ¢ SVCOND s SVCONG s SVCONT79SVCONB s SVCOND s SVCO10,
T7SVCO11s EEPJWEEP 1 sEERP2+EEP3+EEP4G4 +EEPSEEPB+EEPT7+CNTRLICNTRL11 »

BCNTRLZ2Z+sCNTRL3+CNTRL4SG ¢« CNTRLOD « CNTRLEWKNTRL7+CNTRLByCNTRLG4CNTR10
OKNTR1I1sCNTR12+CNTR1I3+CNTR14¢CNTR1IS5+CNTR1I6sCNTR17+CNTR1I8+sCNTR1G,
XCNTRS4 +sERASE+ERAS] + EFRASZ+ERAS315ERASY «ERASS 4ERASHERAS 7
XERASB«sERASIGIERASI1I0ERASI 1 +ERASIZWERASI3+ERAS144+.ERASIS«ERASLE
COMMONERASI 7+ERAS1I8+ERAS1IG«ERASZ20+ERAS21 +ERAS22+ERAS23

1ERAS24 +ERASCSWERAS26+ERAS27+ERAS28+ERASZ2I+ERAS30+ERAS3]
2ERAS32+ERAS33+ERAS34 +ERAS354DECIDECY +DEC2+DEC3.DECY4
BDECSsCECHsDECT7+DECBWDECO+DECLIOsDEC1I1 o KONsCON1 oPRT,

4PRT1 +PRT2+PRTI4PRTY«PRTSIPRTEIPRT7+PRTB8sPRTDEG




APPENDIX

STEMP ¢ TEMP1 s TEMPZ2 s TEMPI3 ¢ TEMP G o XTI ¢ Y1 o THI s WI eSMUI
ECMUT + STHI ¢ CTHI ¢S +KERI0WEX1 1EX29C19C21C3+C49C54C6H0
TCT7+4CBaCI9C104C114C129C139C144C159C169C1T7eC184C194C200
BC214C224C239C249C25+C261C27+C28+C29+4C30+¢SAVISAV]
FSAVZ2+4SAVIEeSAVL4 4 SAVS s SAVE+SAVT71SAVBsSAVI 4 SCL s THCPRWENEWST
XENEWCTOEKP!EKPI!EKPZQEKP3¢EKP49EKP50ENEWTHQTHCIOENEWM!
XAAWKACINRET ¢ SW21EN(9 ) sy PRNOPT s HCOLLD s JeKsL s STOR(1000)
ERAS1=CNTRL3+CNTRL3

ERAS2=CNTRL3+DEC1

ERAS3=CNTRL3-DEC1

ERAS4=ZRAS3/ERAS1

IF (HOLD)Y34+2+2

ERASS=EKPS*ERASE

GOTO1

ERASS=EEPS#FRASE

ERAS4= ((ERASS-ERAS4 ) /ERAS2 ) ¥ERAS1

ERAS1=ERAS3/DEC2

ERASS=DEC] /ERASS

ERAS1=((ERASS+ERAS! ) /ERAS2)*DEC2
ERAS1=ALOG(ERAS1)*CNTRL3

SC=( (ALOG (ERAS4)Y+ERAS1 )/ERAS3)*¥CNTRLS

RETURN

END

$IBFTC SPACE REF

SUBROUTINE SPACE

COMMONXA ¢« YA+s THA ¢+ WA s SMUASCMUA sSTHASCTHASSAIXBaYSeTHB
1WB+SMUB«CMUB « STHE s CTHB s SB+EPE s TEPBsXCoYC o THC s WC»
2SMUC+CMUC s STHC s CTHC 1 SCyERPC s TEPCsEMUA +EMUB +EMUC s THAC »

SWACIsSMUAC s YACYEMUAC +STHACELACsTHBC s WBC s SMUSC s YSCsEMUBC
4STHBC+EPBCyTEPBC +ZMBC s TANMA s TANMB+sEMCsPC s CPCaEMes THCR
S5COS14TANL1 s COS2+sTANZ2yKOUNT s TAPEYALIGHT+BE5S4SVCONsSVCONL »
6SVCONZ2 s SVCON3+sSVCONYG ¢ SYCONS ¢ SVCONGB+SVCONT+SVCONS8 s SVCONI s SVCO10.
7S5VC0O11s EEPEERIWEEP 2y SEP3+EEPY s EERS+EEPS+EEP7+CNTRLsCNTRL L o
BCNTRL2+CNTRL I3 +CNTRLYG +CNTRLS ¢+ CNTRLAE«KNTRL7 ¢+ CNTRLBsCNTRLO «CNTR10,
OKNTRI1«CNTRIZ2sCNTRIZ+CNTR14+CNTR1IS5+CNTR164CNTR17+sCNTRIB84CNTR19s
XCNTRS4+ERASEWERAST s FRASZFERASISIERASYG +ERASS WERASHERAS 7
XERASB+ERASIWERASIOERASII ZERASIZ2WFRASI3.ERAS144,ERAS1IS54ERAS16
COMMONERAS I 7+ERASIBsERASIG«ERASZPOERAS21 +ERASZ224ERAS23

I1ERASZ24 4ERAS2HIERAS2HERAS274ERASZB.+ERAS2ZI+ERASBOVERAS3L »
2ERASBZ+ERAS33+sERAS3Y +ERASIH«DECIDECL sDEC24DEC3+DECS
SDECSICECHsDECT7 +VECB8sDECOWDECLIODEC]I 1 +KONsCON1 s PRT

4PRT1 +PRTZ2«PRTRyPRTGIPRTSPRTEsPRT7+PRTBIPRTIDEG
STEMPQTEMPI9TEMP2!TEMP3!T£MP4!X{'YI!THI1WI!SMUIO
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6CMUIL ¢ STHI s CTHI ¢S] «KERIOWEX14EX29C1 9C29C34C4eC54C6H
TC71C389CO9C10eC114C12+C130C144C159C169C1724C189C194C200
B8C21aC224C23¢C24+C254C264C27+4C2BaC29+4C30sSAVeSAVL
OSAVZ2+4SAV3+SAVEL 4SAVS s SAVHEISAVT71SAVBeSAVIeSCL « THCPRWENEWST »
XENEWCT s EKP s EKP 1 4 EKP2 +EKP3 4EKP4 yEKPSsENEWTH L THCL « ENEWM

XAA s KACINRET+SW2sEN(9D )+ PRNOPT sHOLD s JeaKaL + STOR(1000)
WRITZ(6+100)

100 FORMAT (1H //)
RETURN
END
HIEFTC GEN REF

SUBROUT INEGEN

COMMONXA s YA s THA s WA s SMUAsCMUA s STHAWCTHAIsSA X3+ YBeTHB

1WB s SMUBIsCMUB s STHB sCTHB ¢ SS+EPUB«TEPB e XCoeYC o THC s WC s

25MUC s CMUC s STHC s CTHC s SCoEPC s TEPC s EMUA s EMUB s EMUC  THAC »

BWAC s SMUAC s YACIEMUAC s STHACGELACITHBC ¢ WBC s SMUBC s YBCsEMUBC o
G4STHBCIEPBCsTEPBC EMSCos TANMA s TANMB ¢ EMC s PC s CRPCaEMa THCP »

HFCOS1 9 TAN]T s COS2+sTANZ2 s KOUNT s TARE WAL IGHT +BEGS +SVCON« SVCONT o
E6SVCONZ2 s SYVCON3 s SVCONSG ¢ SYCONSD s SVCONG s SVCONT7 9 SVCONBsSVCONI ¢ SVCO1 00
7SVCO011le EERPWEEP] +CEPR2EEP3sEEP4 s ETPSEEPS«EEP7 s CNTRLaCNTRL1 »
BCNTRLZ2 ¢« CNTRL3¢CNTRLA s CNTRLS s UNTRLE«KNTRL 7+ CNTRLB+sCNTRLI+CNTR1O0
OKNTR11+CNTR1I2¢sCNTRIZsCNTR14+CNTR1IS5+CNTR1IG6¢CNTR1I79¢CNTR18+sCNTR19y
XCNTRS44ERASE+ERAGST ¢ ERASZ«FRAS31ERASYG ERASS ERASHEI«ERAS 7
XERASSsEFRASOWERASIVC«ERAS1 1 4ERASIZERASI3ZWERASI44ERASISERASLE
COMMONERASI7+ERASIBS ERASIDWERAS20ERAS21 +ERASZ224+ERAS23,
1ERASP4 4ERASZ2S+ERAS2HERAS27.ERASZ28BERAS2I9+FRAS30+ERAS31
PERASB2,ERAS3IZ4ERAS3G WFRASBSDECDECL +yLEC2¢DEC3+DECS
BRECHWCECEHDFCT4DFCBaNFECI«DECIOsDECI 1 s KONsCON1 sPRT

4PRT]1 «PRT2+PRT3¢PRT4 «PRTHPRTHIPRT7+PRTBsPRTIsDEG
STEMP s TEMP 1 + TEMPZ2 ¢+ TEMP3+sTEMP4 o XTI o YT« THI «WI s SMUIT s
GECMUT s STHI 2w CTHIT 9 ST s KERIQIEXT1EX29C14C29C39C49C54C6
TC74CE59CO99C109C114C12eC139C144C15eC164C174C18+C19+C200
BCP1 4C224C22+C244C25% e CEH6+C27+C28BeC29+C301S5AVISAVI s
GSAVZ2 s SAV315AVL4 4 SAVS s SAVEISAVT745AVE 3 SAVGSCL s THCPRWENEWST »
XENEWCT +sEKPIEKP ] ¢ EKP2 4ERKP3+EKP4EKPS«ENEWTHs THCL s ENEWM

XAA sKACINRET ¢ SW2eEN(9 ) ¢ PRNOPT sHOLD ¢ Ja<sL s STOR(1000)

COMMON LTEST

THAC=THA

THCP=0

THBC=THR

KOUNT=0

wBC=wB

WAC=wA

TANMA=SMUA/CMUA

EMUA=ATAN (TANMA)
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EMUAC=EMUA
TANMB=SMUB/CMUB
EMUB=ATAN (TANMB)
EMUBC=EMUB
ERASE=THAC+EMUAC
COS1=COS (ERASE)

TAN1 =S IN(ERASE)/COS]1
ERASE=THBC-EMUBC
COS2=COS (ERASE )
TAN2=SIN(FRASE)/C0OS2
ERASE=TAN1~-TANZ2
ERASI=TAN1*XA

XC= (—TAN2*XB+YB+ERAS1~YA) /ERASE
ERAS4=XC—-XA
YC=TAN1*ERAS4+YA
YAC=(YC+YA)/DEC2
YBC=(YB+YC)/DEC2
ERASE=COS(EMUAC)
SMUAC=SIN(EMUAC)
TANMA=SMUAC/ERASE
ERASE=COS(EMUBC)
SMUBC=SIN(EMUBC)
TANMB=SMUBC/ERASE
CALLSLITET(2+LTEST)
GOTO(1+3)+LTEST
CALLSLITE(2)
IF(CNTRL9)4 4344
ERASEF=FERAS4%SMUAC
ERASE=COS1/ERASE
ERAS1=XC—XB
FRAS1=SMUBCH*ERAS]
FRAS1=COS2/FRAS1
ERAS3=FRASE+ERAS1
ERASE=ERASE#SA
SC=(ERASI%*SB+ERASE ) /ERAS3
GOTOS

SC=SB
ERASE=WAC*TANMA
ERAS1=wBC#TANMB
ERAS3=CNTRL3*¥CNTRLS
ERAS3=SC-SA

ERAS2=( (ERAS3#SMUAC) /ERASS ) *#SMUAC
ERAS3=SC-S8B
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ERAS3= ( (ERAS3%SMUBC) /ERASS ) *SMUBC
ERAS6=TANMA*THA

ERAS7=TANMB*THB

IF (CNTRLB8)7416+7

STHAC=SIN(THAC)

STHRC=SIN(THBC)

ELAC=( (SMUAC*¥TANMA ) /COS1)*STHAC
EMBC=( (SMUBC*TANMB ) /C0S2) *STHBC
IF(YAC+YBC)9+8,9

IF(YAC)114+410411

IF(YBC)13412+173
ERAS8=zERAS1+ERAS] +FRASE

ERAS9= (ERAST+ERAS7-ERAS3) *WBC+WB
ERAS4=( (XC=XA)/YAC)*ELAC
ERAS10=-ERAS2-ERAS6+ERAS4

THC= (- (ERAS10%*WAC+WA )+ERASS ) JERASS
WC=(THC*TANMA+ERAS] 0)*WAC+WA
GOTO14

ERAS8=ERASE+ERASE+ERAS

ERASS= ( (XC=XB)/YBC)*EMBC

ERASO= (ERAS7+ERASS—~ERAS3) *WBC+WH
ERAS10=-ERAS6-ERASE—-ERAS2

THC= (- (ERAS10%WAC+WA )+SRAS9) /JERASS
ERASB=THC*TANMA
WC=(FRASB+ERASS+ZRAS10)*WAC+WA
GOTO14
ERASB=ERASE+ERAS]1+ERASE+ERAS1
ERASY= (ERAST+ERAST-ERAS3) *WBC+WB
ERAS10=~ERAS6~ERAS6-ERAS2

THC= (- (ERAS10%*WAC+WA )+ERASS ) /ERASS
ERAS8=THC* TANMA
WC=(ERASB+ERASS+ERAS 10 ) ¥WAC+WA
GOTO14

ERAS4=0

ERAS5=0

GOTO15

ERAS4= ( (XC=XA)/YAC)*ELAC

ERASS= ( (XC=XB)/YBC)H*EMSBC
ERASB8=ERASE+ERAS1

ERASO= (ERAST+ERASS—ERAS3) *WBC+WB
ERAS10=ERAS4-ERAS6-ERAS2

THC= (- (ERAS10%WAC+WA)+ERASY ) /JERASS
WC= (THC*TANMA+ERAS] 0 ) *WAC+WA
CALLMUSR

IF(DEC)214+20+21
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KOUNT=KOUNT+KON

IF (KOUNT-KNTRL7)17+16416
IF (ABS(THC-THCP)=CNTRL6)18+17417
THBC=(THB+THC)/DEC2
WBC=(WB+WC)/DEC2
EMUBC=(EMUB+EMUC) /DEC2
THAC=(THA+THC)/DEC2
WAC=(WA+wWC)/DEC2

EMUAC= (EMUA+EMUC) /DEC2
THCP=THC

GOTO19

STHC=SIN(THC)
CTHC=COS(THC)

RETURN

END

$IBFTC WRTFL REF

SUBROUTINEWRTFL

COMMONXA s YA s THA s WA s SMUASCMUA s STHAWCTHA+SA XS e YBeTHB

LWB s SMUB+CMUB s STHB s CTHB s SE+EPB«TEPB s XCoeYC s THC e WC s

2SMUC s CMUC ¢ STHC+CTHC s SCoERPC s TEPC+EMUA SEMUB sEMUC s THAC

SWACsSMUAC s YAC sCMUAC ¢ STHAC«ELACsTHBC s WBC s SMUSC s YSCeEMUBC »
4STHBC+EPBC+TEPBC +EMBC s TANMA s TANMB sEMC sPC +CPC+sEMs THCP »

S5COS1 +TANI sCOS2+TANZ2 +KOUNT s TAPEsALIGHT +BEGS+SVCON+SVCON1 »
6SVCONZ s SVCONZ 4 SVCON4S ¢ SVCONS 4 SVCONGE s SVCONT7 9+ SVCONBsSVCONG 4 SVYCO1 0
T7SVCO1l1ls EEPWEEP] sEEP2+EEP3sEEP4 yECEPS+EEPG+EEP7+CNTRLeCNTRL L »
BCNTRL2 s CNTRL3¢CNTRL4 sCNTRLS +CNTRLEWKNTRL7+CNTRLBaCNTRLOWCNTR10
OKNTR11 sCNTRI2+CNTR13+CNTR14+CNTR1I54+CNTR16+CNTR17¢CNTR18¢CNTR19y
XCNTRS4 ¢+ ERASE 4FRAS]1 +ERAS2ERASIIERASLG +ERASS yERASH6+ERAS7
XERASB+ERASIOWERASIOWERASI1 s EFRASIZ24+ERASI3+ERAS144+ERAS1S5.ERASL6E
COMMONERASI 7+ERASIB«FERASIGERASZ20+ERASZ21 +ERASZ22+.ERAS23

1ERAS P4 +yERASPS+ERASPG+ERAS27+ERASZ2B+ERASZ29+ERAS3OYERAS3L
2ERAS32+ERASIIZWERAS34 +yERASIS«DECIDECT s DECZ2 +DEC3+DECS
3DECS+DEC6+sDECT7 +DECB+DECI+DECIOWDECI 1 « KONsCONL1 +PRT o

4PRT1 sPRT2+PRT34PRT4 PRTSPRTEIPRT7+PRTB1PRTOWDEG

STEMP s TEMP1 s TEMPZ2 s TEMP3 3 TEMP4 s X1 oY s THI ¢« W1 ¢ SMUI

6ECMUL s STHI s CTHI 4 ST sKERIOWEXI ¢EX21C14C2+C39C4+C54C6
7C74CBsCTsC1l0sC114C129C139C143C154C169C174C18+C194C200
BC214C224C234C24+C254C264C2T7+C281C29+C3015AVISAVL
9SAV2+SAV3sSAVEL 4 SAVS +SAVE1SAVT1SAVEBSAVI1SC1 s THCPRWENEWST »
XENEWCTI+EKP+EKP 1 +EKP2 sEKP3 4 EKP4EKPS+ENEWTH s THCI «ENEWM

XAA ¢sKACINRET s SW2+EN(F )+ PRNOPT sHOLD ¢ Jes KL+ STOR(1000)

COMMON LTEST

K=1
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J=1

TAPE=-TAPE
CALLSLITET(2+LTEST)
GOTO(1+3)LTEST
RETURN

CALLSLITE(2)
ALIGHT=DECI1

RETURN

END

$IBFTC RDA REF

62

SUBROUTINERDA

COMMONXA ¢ YA+ THA sWA+sSMUAYCMUA s STHA S CTHAISA I XBeYBesTHB »
1WB+SMUB+CMUB»STHB s CTHE + SB+EPBsTEPB s+ XCoYCos THC oW C s
25MUC e CMUC 4 STHC 2+ CTHC 1 SCERPC s TERPCsEMUA +EMUB «EMUC « THAC »
3WAC s SMUAC s YAC s EMUAC s STHAC S ELACs THBC s WBC s SMUSC s YBC 2 EMUBC »
4STHBC+EPBCTEPBC+EMBC e TANMA s TANMB sEMC sPC s CPC+EMes THCP»
SCOS1 +TAN1 «+COS2+TANZ2 s KOUNT s TAPE ¢ AL IGHT o BEGS +SVCONSEVCON1 »
6SVCONZ2 s SVCONI3»SVCONS s SVCOND ¢« SVCONG 1 SYVCONT7 e SVCONB s SVCONG « SVCO1 0
T7SVCO11ls EEPIWEEPR] +EEP2+EEP3EERP4+EEPS 'EEPSGWEERP7+CNTRLLICNTRLI »
BCNTRLZ2 s CNTRL3+CNTRLY ¢ CNTRLS yCNTRLAEKNTRL7¢CNTRLEBsCNTRLO«CNTR10
QKNTQll'CNTQIE’CNTRIBQCNTR]4QCNTQIEQCNTRI61CNTR179CNTR189CNTQ199
XCNTRS4 4 ERASE+ERAS]1 yERAS2IERASBIERASYG «ERASS yERASHWERAS 7
XERASB.sERASOWERASIOWERASI1 +FRASIZ2WERASI3WERASI44.ERASISWERASLE
COMMONERAS17+sERASIB+ERASIGIERASZ20+ERASZ21 +ERASZ2+ERAS23
1ERAS24 +ERASPS«ERASHERAS27+ERASZ2B+ERASZ294+ERAS30.ERAS31 »
2ERAS3BZ2+ERAS33+ERAS34 ,ERAS35+DECDEC]1 ¢DECZ2+4DECI3+sDECS
3DECHICECE«DECT7+DECB4DECIsDZCLI0sDECI 1 o KONsCON1 sPRT o
4PRT1+PRT24sPRT34PRT4«PRTHIPRTEIPRTT7sPRTBIPRTI+DEG
STEMP s TEMP1 s TEMPZ2 ¢ TEMP3 s TEMP4 o XTI a YI 3 THI s WI e SMUI »
6CMUI 4 STHI W CTHI oST sKERIOQIEXTI WEX24C14C2eC39C49C5+4CH
TCT79CBaCTeCl10sC114C124C1I13sC149C15+C16sC17+C18sC194C200
B8C21+C224+C234C244C25+C264C274C281C294C30+SAVeSAVL
9SAV2+SAV34SAVE 4SAVE 4 SAVEsSAVT79SAVBsSAVI e SCL e THCPRWENEWST »
XENEWCTsEKP +EKP 1 +EXKP21EKP34yEKP4+EKPS+ENEWTHsTHCL » ENEWM
XAA sKAC+sNRETsSW2+sEN(S )+ PRNOPT ¢ HOLD s JsK s e STOR(1000)

IF(STOR(J+3))2+142

XA=STOR(J)

YA=SSTOR (J+1)

THA=STOR (J+2)

WA=STOR (J+3)

SMUA=STOR (J+4)

CMUA=STOR (J+5)

STHA=STOR (J+6)

CTHA=STOR (J+7)

SA=STOR (J+8)
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J=J+9
NRET=2

RETURN

KAC=KNTRI1 1+KON~KER10
KER10=0

NRET=1

RETURN

END _

$IBFTC RDB REF

SUBROUT INERDB

COMMONXA s YAs THA s WA s SMUASCMUA +STHA+CTHASSAIX3 e YBesTHB

1WB sSMUB s CMUB s STHB s CTHB s SBEPBsTEPBs XCoYC s THC o+ WC s
2SMUC s CMUC+STHC +CTHC s SCoEPC s TEPC » EMUA +EMUB+EMUC « THAC »
BWAC s SMUAC s YACsEMUAC s STHACWELACYTHBC s WBC s SMUBSC 1 YBC +EMUBC o
4STHBC+EPBC+TEPBC+EMBC s TANMA s TANMB +sEMC sPC s CRPC+EMsTHCP
SCOS19TAN1 +COS2+TANZ2 +KOUNT s TAPE+ALIGHT +BEGS+SVCON s SVCON1 &
6ESVCONZ s SYCON3 s SVCONY ¢ SVCONS ¢ SVCONGE +« SVCONT7 9 SYCONB s SVCOND ¢ SVCO1 0
T7S5VC011s EEPIWEEP] +EEP2+EEP3+EEP4 +sEEPS+EEPGB+EERP7+CNTRL«CNTRL1 »
S8CNTRLZ +CNTRL3+CNTRL4 sCNTRLS+CNTRLE «KNTRL79sCNTRLBsCNTRLI+«CNTR10
OKNTR11+CNTR12+sCNTR1I3+CNTRI4+CNTR1IS+CNTR1IGEWCNTR1I7+sCNTRIBWCNTR19,
XCNTRS54 yERASEWERAS] vERAS2+ERAS3IERASY sERASS yERASHIERAS 7 s
XERASB+sERAS9+ERASIOWERASI 1 +ERASI2+ERAS1I3+ERAS144+ERASISERASLS
COMMONERAS17+ERASIB+«FRASIO+ERASZ20+ERASZ2]1 +ERASZ22.ERAS23,
1ERASZ24 +ERAS2S5+ERAS26+ERAS27+ERAS284,ERAS294+ERAS30+ERAS3 ,
2ERAS324+ERAS334+ERAS34 +ERAS39+DECIDEC] «DEC24+DEC34+DECH
3DECS4+LECH+DEC7+DEC8+DECIIDECIOIDEC1I1 +KONsCONLsPRT
4PRT1PRT23yPRT3+PRT4 +PRTS5+PRTEHIPRT74PRTB4PRTI+DEG
STEMP s TEMP 1+ TEMPZ2 s TEMP3+sTEMP4 o X1 « YI s THI s WI ¢« SMUI &
OGCMUT s STHI s CTHI o ST+ KERIQOWEX1 ¢EX29C1+C29C34C44C54CH
TCT7+CB83CI9Cl0sC114C124C134CL44C1I54C164C1T74C18+4C194C200
BC21 +4C224+1C234C24+4C25¢C26+C27+C284C29+4C30+SAVISAVL
GSAV2+SAVIISAVE +SAVS s SAVEISAVT7eSAVEBeSAVI +SC1 s THCPR«ENEWST »
XENEWCT +sEKPsEKP 1 +EKP2 sEKP3 EKP4EKPS+ENEWTH s THC1 s ENEWM
XAA JIKAC s NRET+SW24+EN(S) +PRNOPT +HOLD 4 J s KsL s+ STOR(1000)

EPB=EXI1

TEPB=EX2

KER1 O0=KER10+KON

IF(STORI(J+3))2s1 42

XB=STOR(J)

YB=STOR(J+1)

THB=STOR (J+2)

WB=STOR (J+3)

SMUB=STOR (J+4)
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CMUB=STOR(J+5)
STHB=STOR (J+6)

CTHB=STOR(J+7)
SB=STOR(J+8)
J=J+9

GOTO4
KAC=KNTR11+KON-KER10
KER10=0

GOTO3

NRET=2

RETURN

NRET=1

RETURN

END

APPENDIX
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Figure 1.- General view of inlet model. £-62-8208

Figure 2.- Inlet model with starting flap open. L-61-1952
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Figure 3.- General arrangement and principal dimensions of model. All dimensions are in centimeters.
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Figure 5.- Longitudinal static-pressure distribution through supersonic diffuser, throat, and subsonic diffuser.



Tome— = il T

.08

.07

.06

/

.05

/
/
/

™~

/
/

w/\j <J/

Lo T

20 24 28 32 36 40 44 48 52 56

Distance from inlet lip, centimeters

(b) Configuration 1.

Figure 5.- Continued.

N
N\
|

AT L.
A A At
|| e
| S| -
A1 FTT L




——— ey —— S —_—
20
R}
18
17 P w
W
pt,oa [e o]
16
—a 1575  .871
la—F—¢—14
Is ,/

o / —a .l462 855

— .1383 .851

{

. —a .l215  .830

= —o .l1102 .83l

\Q\\
MNEN \\\ \
\

!
!

N

.07 7

05

111 N7

N oL/
\/

1]
__0_74—0——0——0—-’0"630(/
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68

Distance from inlet lip, centimeters

(c} Configuration 1.

Figure 5.- Continued.
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