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ABSTRACT

When using the Instrument Landing System (ILS) all aircraft must

follow a single straight line approach path before landing. The

Microwave Landing System (MLS) will allow use of differing approach

paths and they need not be on a straight line.

The objective of this research is to find out whether the intro-

duction of MLS with its multiple approach path capability can bring

an increase in runway landing capacity compared with conventional ILS.

A model is developed which is capable of computing the ultimate

landing runway capacity, under ILS and MLS conditions, when aircraft 	 1

population characteristics and Air Traffic Control separation rules

are given. This model can be applied in situations when only a hori-

zontal separation between aircraft approaching a runway is allowed,

as well as when both vertical and horizontal separations are possible.

It is assumed that the system is free of errors, that is that aircraft

arrive at specified points along the prescribed flight path precisely

when the controllers intend for them to arrive at these points.

Although in the real world there is no such thing as an error-free

system,the assumption is adequate for a qualitative comparison of MLS

with ILS,	 3

Results suggest that an increase in runway landing capacity,

caused by introducing the MLS multiple approach paths, is to be expected

only when an aircraft population consists of aircraft with significantly

differing approach speeds and particularly in situations when vertical

separation can be applied. Vertical separation can only be applied if

j	 one of the types of aircraft in the mix has a very steep descent angle

f



(i.e. 7.5 degrees) such as an STOL vehicle. When approaching aircraft

are separated only horizontally, examples considered in this research

show a modest capacity increase of10 to 15 percent. When both verti-

cal and horizontal separations are applied, capacity improvement can

be greater depending on the proportion of steep descent aircraft in

the mix.

It was also found that the angles of entry to the extended runway

i
centerline have a significant effect on landing capacity, and they

should be optimized.
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1. Introduction

Improved navigational aids for approach and landing at airports

have been under development for many years. One such aid is the Micro-

wave Landing System (MLS) which provides multiple flight paths to the

runway rather than a single path defined by the current Instrument

Landing System (ILS) .

There are a number of advantages cited for the MLS. Among these

are (1) curved path approaches can reduce flight over noise sensitive

areas, (2) the system is less sensitive to interference from terrain

and man made objects, (3) since the system extends much farther from

the runway than the current ILS, aircraft have precise guidance over

their intended flight paths for a longer period of time before landing,

and (4) flexibility in flight paths might increase the 'landing capacity

of a runway.

This research deals with item 4, landing capacity. Models for

capacity are developed to reflect the multipath capability of MLS. The
I

models are then applied to hypothetical situations, and the capacities

obtainable with MLS and ILS are compared to determine if there are any

significant differences.

In this research it is assumed that both the ILS and MLS are free

of any errors; that is, that aircraft arrive at points in space when

the controllers intend them to be there (e.g., at the entry gate to

ILS). Therefore, no buffer is added to interarrival times. It is

recognized, however, that in the real world there is no such thing as

an error free system.

The objective of this research is, then, to compare in a qualita-

tive manner the ILS and MLS systems to see if there is a significant
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!	 difference in their respective capacities, and if so under what condi-

tions.

The term capacity as used in this research refers to the maximum

number of landings that a runway can accept when there is a continuous

demand for service and a certain specified set of conditions (i.e., air-

craft mix, air traffic control (ATC) rules, etc.). These conditions

can significantly effect runway landing capacity.

This research focuses on one of the factors that influence capacity:

flight path geometry, particularly that geometry which ensures maximum

landing capacity for a specified set of the other factors that influence

capacity, i.e., aircraft population and mix, length of common approach

path, ATC rules.

1.1.	 Characteristics of ILS j

^i
The existing ILS is essentially a straight line in three-dimensional

space (see Fig. 1^`). 	 This line ends on the runway.	 Aircraft follow the

line and land on the runway. 	 There are three pieces of information that

the pilot obtains about the 'position of his aircraft, with respect to

the line leading to the runway and the distance from threshold:'r

1.	 position of the aircraft with respect to the alignment of the
x,.

runway; 	 namely, whether the aircraft is left or right of the

centerline of the runway;

2.	 position, of the aircraft with respect to the required height

above the runway, referred to as the glide path; 	 namely,

i	 whether the aircraft is above or below the glide path;

All figures are placed in Mapcer 7.

4 t'
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3. distance of the aircraft from the runway threshold. Distance

information is provided by markers (two or three); one at

the beginning of the ILS approach and the other (or two others)

nearer to the runway threshold.

With the current TLS (see Fig. 1), landing aircraft follow each other

on a common path, ET (E being the "entry gate" and T the runway thresh-

old). Normally there are two markers installed on the common approach

path, except for ILS Category II (or lower) weather conditions when a

third marker is added. The marker furthest from the runway (about 5 nm)

is the "outer marker" (OM); the marker generally closest to the runway

i	 (about 0.6 nm) is the "middle marker" (MM); and the sometimes used

third marker (about 0.2 nm) is known as the "inner marker" (IM).

1.2. Characteristics of MLS

The MLS provides glide path information up to about 15 degrees

elevation and alignment information as much as 130 degrees relative to

6	
the runway (65 degrees each side of the center line of the runway).	 In J

lieu of markers, continuous information on. distance to the runway will

-`	 be incorporated into the MLS. 	 The MLS is shown in Fig. 2.
J

MLS gives information on the position of the aircraft relative to 3

the runway in three'-dimensional space. 	 The area of coverage can be

described as a quasi-pyramid with the runway threshold as the apex (see

Fig. 3) .	 The three-dimensional information is continuous and provides
J

a means of describing different paths for aircraft to follow in the

space covered by MLS.	 However, even if the information on the position

of aircraft is accurate and the equipment is available to program any

type of trajectory inside the pyramid, all described paths cannot
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be followed by an aircraft. Several assumptions need then to be made

about possir.le restrictions on the types of trajectories, as follows.

1.	 It is assumed that
i

aircraft need to fly along the prolongation

of the centerline of the runway before landing 
(Ei= 1,2,3 to

T	 ,	 Fig. 3) .	 E  is the "entry gate" for this straight por-

tion of the final approach for aircraft of'type _i .

2.	 It is assumed that there are some restrictions to the curved

paths because of the minimum turning radius of an aircraft.

3.	 It is assumed that there are restrictions to the maximum angle

of descent.

4.	 It i> assumed that there are sufficient exit taxiways un the

runway so that runway occupancy time is always less than the

threshold interarrival time which ensures the ATC-required
i

separation of aircraft in the air.

These restrictions, together with air traffic control (ATC) separa-

tion rules, limit the number of usefully considered approach paths. 	 3

i

As section 2.2 indicates, within these limits rather simple flight paths	 I

l

are chosen, these representing the most desirable paths from the stand-	 t

point of runway capacity.

1.3. Existing ATC Separation Rules

According to ATC rules, aircraft can be separated vertically and

horizontally. Horizontal separation can be expressed in time or dis-

tance. It is here _assumed that radar coverage is available, and there-
{

fore separations are in terms of distance rather than time. Two air-

craft approaching the runway should, then, never to closer to each

other than the minimum horizontal distance prescribed by ATC.
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Another important safety regulation, one that Could influence the

capacity of a runway, is that two aircraft can not be on the runway at

the same time; the first aircraft has to clear the runway before the

second crosses the threshold. (It is assumed that runway occupancy

time is always less thanthat threshold interarrival time, which ensures

the ATC required separation of airborne aircraft: therefore, runway

occupancy time is not a constraint.)

1.4-. Runway Landing Capacity Model Basic Structure

Basic landing capacity models using the current ILS were developed

by Dr. Richard Harris of Mitre Corporationl and refined and expanded by
a

Peat, Marwick, Mitchell and Co. 2 The landing capacity of a runway is

defined as that maximum number of 'landing operations that can take place
i

on a runway in a unit of time (usually one hour) during which aircraft
a

continually wish to land. This concept of capacity is often referred

to as "ultimate" or "saturation" capacity. The maximum number of land-

ing operations on the runway depends on a number of conditions, as
7

follows:

1. minimum separation rules specified by ATC;

I	
a2. aircraft mix (i.e., the proportion of different types of air-

craft using a runway in a given period of 'time);
j

{	 3. location and type of exit taxiways (i.e., if there are an in-

k	 sufficient_ number of taxiways, the runway occupancy time

rather than air separation might be critical);

4. geometry of the approach paths associated with the runway

(i.e., multiple paths are available with MLS).

It.	
To compute capacity, each of these conditions must be specified.

I

a
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Runway land>, -̂  capacity is actually the capacity of a system, con-

sisting of a runway and the airspace adjacent to the runway. The ruAr;-

way is that part of the system where the flow of all aircraft opera-

tions converge; consequently, the landing capacity can also be defined

as that number of operations in unit time which pass through a point

which all aircraft have to pass. In this analysis this point is taken

as the runway threshold. To find the capacity it is then necessary to

determine tij , it being defined as follows: ti j = interarrival time

at the threshold between aircraft type i (lead aircraft) and aircraft

type j (trailing aircraft); t ij should then be such that:

a. aircraft i and aircraft j will not occupy the runway at

the same time (i.e., when j passes the threshold i should

have cleared the runway);
i

b. in the air, aircraft i and aircraft j are never closer

than the minimum separation specified by ATC rules, then,

tij min( atij , rtij ) where

at.. = interarrival time at the threshold, dictated by ATC
3

minimum separation rules for airborne aircraft,
1

t,	 rt..	 interarrival time at the threshold, dictated by ATC
p

runway occupancy rule: only one aircraft can occupy

the runway during any interval time.

Existing models of capacity assume independence, that is, the type of

trailing aircraft j is not dependent on the 'type of leading aircraft

L	 Vic proportion or aircraft In tlir mix over tlic unit car time ])(-Jog 	 x

j`	 considered (usually one hour) has, however, to be preserved. This

E
E

a
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implies the following

pij = pip j , where

p ,	 = probability of the sequence ij

Pi

proportions of aircraft i and j in the mix.

Pj

When	
t,j	

and	 pij	 are found for all	 i	 and	 j ,	 the expected	 1

interarrival time at the threshold can be computed as*:

t	 _	
E

tijPij
ij

The capacity, assuming independence in the sequence of aircraft but

I

with the restriction that the aircraft mix will remain constant during

E the unit of time selected( pk = 1, where	 Pk = proportion of aircraft

I'I of type	 k )^ is

i

f' t	
..

fll̂ where	 _	 landing capacity

t =	 expected interarrival time between aircraft over the

rl runway threshold.

1.5.	 Factors Affecting Runway Landing Capacity

if it is desired to maximize 	 a ,	 it.is necessary to minimize 	 t
,t

(i.e.,	 min 1j tij pij )_.	 If sequencing is not applied to the stream of

the landing aircraft, with givenpk ,	 all	 pij	 are fixed.	 Conse-

EE	 r
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quent?v, the term that requires analysis is tij

As noted, it is assumed that air separation rather than the runway

occupancy rule is critical in all landing cases, so that tij = at..

Two more assumptions are made in the following ai alysis.

Y

1.	 All aircraft have uniform velocities when they are on the final

approach to the runway.

;'.	 All aircraft of the same type use the same path for approach to

the runway.

These two assumptions are critical to an analysis of capacity. 	 Consider

simple case, only two aircraft types, "fast" and "slow." 	 We see immedi-

ately that there are four interarrival times:

tFS	 interarrival time between "fast" followed by "slow"

^ n	 11	 ,t	 n	 n	 "tSF =	 slow	 fast
7

ll.

t  	 "fast"	 "	 "fast"
FF

s'
f	 3;

t	
^^	 '!slow"	 "	 "slow"

SS

Cases	 tFF	 and	 tSS	
are simpler than the other two, because the land-

r ^.

E
ing trajectory is the same for both aircraft and the distance between

the two aircraft measured along the trajectory is constant. 	 The dis-

tance has, however, to be such that during the entire approach the two

aircraft never come closer to each other, measured on a straight line

in the horizontal plane, than the minimum specified by ATC rules.

The situation for	 tFS	 and	 t SF	 is more complex. 	 First, the

` two aircraft might not have a common: trajectory, in which case the {

separation can not be measured along, the trajectory but rather by

t horizontal, vertical or diagonal separation. 	 Second, if part of the

trajectory is common to both aircraft (see aircraft 1 and 3 in Fig. 3),
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the distance between them measured on the common path is not constant;

it depends on the relative speeds of the two aircraft. The distance

E

	

	

and corresponding time will increase for vj < vi (aircraft type i

followed by aircraft j) and decrease for v. > vi .
J

As noted, there are capacity models available for computation of

ultimate capacity. These models are, however, primarily applicable

to a single trajectory corresponding to current ILS procedures, The

structure of these models was briefly described in paragraph 1.4. The

method for computing tij in these models is shown in Fig. 4. 
1,2 

This

figure represents a time-space diagram in the horizontal plane. Time

is the abscissa and distance is the ordinate.

Several remarks concerning the procedure for computation of tij

are in order to develop a . better understanding of the assumptions.

Figure-4 shows that all aircraft are fed into the entry gate (E)

from the same path, an extension of the current single ILS alignment

path which is, is turn, an extension of the center of the runway. An

important point is that the state of the system is considered only when

t > 0 (i.e., only for that time after the instant, t 0 , when the

leading aircraft passes through the entry gate) i

In the case of sequence FS (fast followed by slow), shown in

Fig. 4a, it can be seen that the horizontal distance between the two

aircraft, d(t), is equal to the ATC minimum required horizontal sepa-

ration, S , when t = 0 and _increases _thereafter. It can also be

seen that the horizontal separation ,constraint, d(t) > S , is violated

prior to t = 0	 (See dotted lines in Fig. 4.)

There are three possible explanations how one c_t>uld have a slow

aircraft only c5 behind a fast aircraft when the last aircraft, is at
y
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the entry gate, F .

The first is to have the approach path unchanged in the horizontal

projection and assume that the velocities of an individual aircraft are

not uniform during the approach._ Velocities of the two aircraft should

be at least equal (vS 2 v F ) for t < 0	 As it is not likely that v 

will be smaller when t < 0 than when t > 0 , vS has to be increased

until it at least equals v  (see rig. 5). This increase in speed is

not very practical, especially in the case where two approach speeds

are very different.

The sequence FS is of particular interest since the interarrival

time, tFS , is critical from a capacity point of view since the time

gap between F and S opens as they approach the runway along the

common path (see Fig., 4a)	 In addition, if it is assumed that an in-

crease in speed of the slow aircraft (vs) is possible, the problem of 	 j

the two aircraft being separated exactly d when t = 0 remains only

partially solved; i.e., it is still assumed that both aircraft are on

the straight line (a prolongation of the runway centerline) when t < 0

and are coming from infinity on this line, continually separated by at

least S .- This assumption does not of course fully consider the real

world since one of the following events must have occurred before

t 0
1. Aircraft F has overtaken aircraft S (observed in the hori-

zontal projection) on the straight line, indicating that ver-

tical separation was imposed (the fast aircraft went either

under or above the slow)

2 Aircraft S joins the straight line path (observed in the

horizontal projection) after aircraft F has passed through
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the point ES , this point being where the slow aircraft joins

the common path.

A second possibility is that two aircraft can be separated verti-

cally in the approach air space before t = 0 . Fig. 6 shows how this

separation might look using distances which are appropriate to current

ATC`rules and procedures. It is assumed that when t 0 	 vertical

separation is imposed in such a way that the slow aircraft is above the

fast and both are flying level. Two conditions are necessary to ensure

the vertical separation shown in Fig. 6,

1. h > X

where h is vertical distance between the two aircraft and X

is the minimum permissible vertical separation. At present

A'fC rules specify X as 1,000 ft (305 m).

2. The fast aircraft should be able to perform straight level

approach at an altitude equal to threshold elevation plus H

a distance of 2 E dc
(see Fig. 5), before intercepting the

glide path at the entry gate, E

In Fig. 7 another possible vertical separation for aircraft approaching

the entry gate, E , is shown, when the fast aircraft is at E , and

the slow one is a distance of & behind and X below the fast. Two	 -	 m

conditions are necessary to ensure this vertical separation.

1. (H - X)/sin 0 has to be greater than the distance necessary

for the slow aircraft to stabilize on the glide path. If this

condition is not satisfied, the resulting problem could theo-

retically be solved by the slow aircraft climbing to intercept
fi

the glide path after t 0	 The slow aircraft climbs-- or

climbs and levels--until it intercepts the glide path (see

Fig. 7)
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2. The second condition is similar to the second condition of

the previous vertical separation case (a slow aircraft above

a fast); but it is far more difficult to satisfy: the slow

aircraft is required to perform straight level approach at an

altitude equal to threshold elevation plus H - X , for a	 y
9

distance of 2 Ed - 6 before reaching point F 	 Consider-
	 3

c	 ;

ing•the values of H (shown in Fig. 6) this condition is al-	 j

most impossible to satisfy since X is 1,000 ft, i.e., slow
i

aircraft would be required to fly level at a height above the
i

terrain of only 500 to 1500 ft which is not acceptable (see

Fig. 7)•

The third possibility of having the slow aircraft only 6 behind

the fast one, when the fast one is at E , is briefly discussed below.

Does, for example, a path leading to E exist, such that, if the

slow aircraft is behind the fast on this path separated by distance 8

(measured along the path) when the fast passes E (t 0) , the distance

between the two aircraft (measured as a straight line in the horizontal i

plane) is never (when t < 0 and when t > 0) less than 6 ? (See

Fig. 8a.

To satisfy the condition d(t) >- 6 , d(t) being the distance be-

tween the slow and fast aircraft measured along a straight horizontal

line, for all values of t , it isalso necessary to satisfy this con-

dition when t 0	 Obviously, this condition cjn only be satisfied

if the path of the slow aircraft to E is on a straight line leading

to E for atleast length S before E is reached., This implies

that at the moment when t 0 the slow aircraft should be somewhere

on the circle of radius 6 which has its center at E (see Fig.. 8b)
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However, strictly speaking, though the slow aircraft is on this circle

when	 t = 0 ,	 the distance that the slow aircraft has to fly along the
i

path to	 E	 does not equal	 S ;	 in fact, this distance is more than	 $,
a

with the exception of position 1 (see Fig.. 8b) for the following reason.

The distance that the slow aircraft must fly to reach 	 E	 is greater

than	 S- because of a change in heading which is required for positions

2, 3, and 4.	 This change can only be made on a curved path; 	 so the

sum of the straight and curved path will always be greater than the

radius of the circle.	 However, even if the slow aircraft is at point 1

when	 t = 0 ,	 it will violate the condition 	 d(t) ? S	 when	 t = -Lt

(see Fig. 4).	 So we can conclude that strictly speaking the path we

were looking for does not exist.

In spite of the shortcomings which have been discussed in this

section, existing runway capacity models can be used to find potential

sources for an increase in landing runway capacity. 	 Fig. 4 allows us

to examine interarrival times,	 tF5 '	 tSF '	 tFF	 and	 tSS 	
and at-

tempt to decrease them, as a way of decreasing mean interarrival time,
1

t 	 and consequently increasing landing capacity, 	 X	 For ease of

computation,	 vS	can be expressed as	 vs = uv	 0 :S P z 1

From Fig. 4

S
tS

VF

S
'

^	 -
tFF	 vF

tSS	 -	 '	 and
]IV
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tF5	 v ^s_ ± - Y)
1 d +y(1 - ) = & + Y (1 - u)

v 
	 U	 'tvr

Possible ways to decrease tij are then as follows.

1. The most efficient would be to decrease S , thus simultane-

ously decreasing all t ij 's .

2. Increase both vs and v  , thus ensuring a higher velocity

of aircraft stream at the runway threshold which results in a

higher flow.

3. Increase u only, keeping v  constant. (This can be achieved

4	 by requesting slow aircraft to maintain cruise speed as long as

possible.)

I	 4. Decrease y , the common part of final approach.

The implementation of MLS could reduce S (case l) and y (case 4)

In summary, then, this research is concerned with whether the ap-

proaches along the curved paths described by MLS will improve the land-

ing capacity of a runway, and, if the answer to this question is posi-

tive, what is the value of this increase over that capacity obtained

with TLS?

The following analysis of capacity will begin with the assumption

that vertical separation within the operating area of MLS'is not per -

mitted, i.e., horizontal separation is crucial. The situations governed

by this assumption are examined in Chapters 2 and 3. The assumption

that vertical separation may be permitted (either horizontal or verti-

cal separation could therefore be employed) governs the situations'

examined in Chapters ,4 and S.
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2. Analysis of Capacity with Horizontal Separation Only

2.1. Introduction

In this chapter the influence of multiple flight approach paths on

the landing capacity of a runway is analyzed. It is assumed that all

approaching aircraft are on the same horizontal plane, that is, no

vertical separation exists.

The procedure for the current ILS is shown in Fig. 9. All aircraft

landing in IFR have to pass through a point- E (entry gate), located

distance y (common approach path length) from the landing threshold,

T	 ,	 along the extended runway centerline, and remain on the centerline

until they reach the threshold.	 As shown in Fig. 10, with MLS there is

no need for aircraft to use a common approach path of length 	 y	 Sim-

ilarly, all aircraft do not need to pass through the common entry gate.,

E .	 Multiple paths are possible.	 Each path intersects the prolonga-

tion of the runway centerline at 	 E	 ,	 and, as noted in Chapter 1, s	 ;

Section 1.5, this path is used only by aircraft of type	 i	 Each

intersection of the runway centerline,	 E,	 ,	 is located	 y	 from the
a

runway threshold.	 Each intersection,	 Ei ,	 can be considered as the 1

entry gate for type	 i	 aircraft.

The objective of the analysis is to develop a model to describe

multiple rather than common entry path geometry. 	 The model should rep-

resent the two approach path situations (ILS and MLS) shown in Figs. 9

and 10 and determine the ultimate capacities of the two (under given y

conditions).	 The model should, also be able to determine a geometry

(i.e., set of approach paths) which maximizes ultimate capacity for

either the ILS or MLS situation. 	 Once the maximum ultimate capacity

for each of the two situations has been determined the effect of MLS on
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runway landing capacity can be obtained by comparing the two capacities..

Analysis of the effect of geometry on the ultimate Capacity, either

with ILS or MLS, will concentrate on an aircraft pair consisting of two

	

aircraft types, a fast aircraft,- F , and a slow aircraft, S 	 C4`hen

analyses of cases involving more than two aircraft types in a popula-

tion are necessary they can be treated in pairs. These pairs in all

cases consist of fast and slow aircraft. This approach of breaking

down an aircraft population in couples and dealing with four general

case interarrival times, t, , t	 , t	 , and L	 (i.e.	 tVF	 FS	 SF	 SS	 '	 FS

interarrival time at threshold for a fast aircraft followed by a slow

one ) etc.) will be used throughout the analysis since any of the inter-

arrival times, t
iJ 

, can be represented by one of these four times.

From Fig. 4 we can draw some rough conclusions about aircraft

operations with ILS. In conventional ILS all aircraft pass through an

entry gate, h , and travel on a common approach oath through a dis-

tance of Y to the runway threshold. As Fig. 4a illustrates, in the

case of a slow aircraft following a fast one, the interarrival time	 *'

over the threshold, tFS 	 increases; as Y is increased. Similarly,

in the case of MLS for a situation involving a fast aircraft followed

by a slow, YFS , the common path for the two aircraft should be con-

sidered rather than the single common path, Y , where

YFS	 min(YF, YS)

A new assumption is therefore introduced; it will be used in fur-

ther analysis; it i

YF > YS .

_.._.
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1k

This assumption requires that an aircraft with a higher approach

speed will need at least as long a final straight approach along the

extended runway centerline as an aircraft with a lower approach speed.

That is ,

YFs = Ys

i.e., the common approach path is equal to the length of the final

straight approach for slower aircraft.

Therefore, if 
YS 

< Y , tFS is decreased. However, even if

YS 
= 0 (i.e., that a slow aircraft does not need any portion of straight

level wing approach before landing) the interarrival time, t FS , re-

mains equal to 
61V  

(see Fig. 4a).

Fig. 4 also illustrates that if 'Y is reduced the only possible-

reduction in interarrival times that can be made is a reduction of tFS
t

The other three times, 
tFF	 tSF ' and t

SS' will remain unchanged.

Intuitively, it can be expected that an increase in landing capac

ity will be small if a decrease in tFS is the only reduction of inter-

arrival time possible. For example, consider the case where an aircraft_

population is equally divided between fast and slow aircraft, that is,

pF 0.5 and ps =0.5. If the sequence of the arrivals is `considered

as random, then the fraction of slow aircraft following fast aircraft

will be 0.25, which is the result of pF x PS	 Seventy-five percent

of the arrivals will constitute pairs of aircraft with interarrival

times, tFF , tSF ' and t
SS 'These times cannot be changed._- There-

fore, a significant reduction in the mean interarrival time, t ; and

consequently, an increase in landing capacity, A , cannot be expected,
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f
^	 Thig conclusion will be examined in detail in the following sections-of 	 -

this chapter.

As noted in Chapter 1, Section 1.5, in order to decrease t FS a

slow aircraft must be brought as close as possible to the threshold
i

G

	

	 when a fast one is over the threshold. Minimum horizontal separation

rules must not, however, be violated.

The following examination of the effect of MLS on runway capacity

will involve analysis of changes of interarrival times over the

1]	

thresh

old, t..	 The first step in this analysis is to see how these changesi 

respond to certain variables.

I	 The variables that affect t.	 are as follows:
1]

vF = velocity of the fast aircraft

vs = velocity of the slow aircraft

E	 u	 vS/vF

YE	 length of the approach on extended runway centerline

of the fast aircraft	 i
{
I	 •

YS = length of the approach on extended runway centerline 	 3

of the slow aircraft
.	 1

8

	

	 minimum horizontal separation required between the two	 =

aircraft measured in the horizontal plane.

i
If the values for all of these variables are given, then the effect 	 -

on capacity of various possible aircraft paths, herein referred to as

trajectories, is necessarily the subject; of the following analysis.

s^
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2.2. Types of Trajectories to--Be Considered

The following assumptions and examples will indicate that family

of trajectories that will be considered in the later analysis of capac-

ity.

It is assumed that there are no obstacles in the approach area,

nor are there any constraints due to noise; therefore, there are no

restrictions as to the type of approach paths.

The case of a fast aircraft followed by a slow aircraft will be

initially considered since, as noted in Section 2.1,, this is the criti-

cal sequence.

Assume that a turning radius of an aircraft is zero, that is, its

heading can be changed instantaneously. Further, assume that a fast

aircraft is at E S 9 the entry gate for slow aircraft, where t = 0

(as shown in Fig. 11). A useful question is: where should the slow

aircraft be to ensure that the interarrival time t FS 
is as small as

possible? Obviously, the two aircraft should be separated at a minimum

distance of 6 (i.e., the slow aircraft shuuld be somewhere on the

circle of radius & with center in ES) , but the condition of minimum

separation has to be maintained until and after the moment the fast

aircraft reaches E S	Assuming that a slow aircraft is always flying

toward ES	Fig. 11 shows that to maintain a minimum separation,

its location at t = 0 has to be somewhere on the portion of the circle

marked with a heavy line (e.g., point A). For any position of a slow

aircraft on the light line portion of the circle, the condition . d(t) ? 6

will not be satisfied for t > 0 . where d(t) is equal to the hori-

zontal distance between two aircraft. The conclusion is, then, that a J

low aircraft shou
l
d approach the point E anywhere from the heavyS
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dine portion of the circle; in other words, from the right side of the

line, perpendicular to the extended runway centerline passing through

the point ES .

Consider a slow aircraft at point M and a fast one at E S (when

t = 0), as shown in Fig. 12. What kind of a path should the slow air i
1

craft follow between M and ES ? If a slow aircraft must reach ES

as quickly as possible, the desirable path is the straight line 14E

On the other hand, if it is necessary for some reason to increase the
a

time that the slow aircraft takes to reach E y , a curved path between 	 j

M and ES is one alternative. Another alternative is to require the

slow aircraft at t 0 , to be at a position, N , this position

being further away than M on the same straight line; and then to have

the slow aircraft continue on the straight line to ES 	 Consequently,	
3

it can be concluded that straight line entries to E S are at least as

good as any other family of trajectories. The straight line entries

because of their simplicity will be exclusively used in further analy-

sis, A general straight line approach path configuration is shown in

Fig. 13.

Before proceeding with analysis of this configuration it is neces-

sary to establish arbitrarily that the index of aircraft type increases`

with approach speed, i.e., if i > j then v. ? v, , where i and j
J

are indices of aircraft types. As noted in Section 2. 1, that'Y F > YS

it follows that Y1 : Y2	Yn , where the subscript 1 refers to

that aircraft type which needs the shortest straight-line part of the

final approach, ::.e., that aircraft type that can intersect the exten-

sion of the runway centerline closest to the runway threshold.

A urseful question, then, in terms of understanding the character-
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istics of the family of trajectories that is being considered is, what

should be the angles al , a2 ,	 an ?

It has been shown earlier in this section that J ai l < 90 0 for

any i , a  being positive when measured cov terclockwise from the

extended runway centerline and negative when measured clockwise.

All approaches are assumed to be in a horizontal plane. Therefore,

to assure that the two approach paths will not intersect, the following

conditions must be met:

al < aj for all i and j such that i > j , ai > 0 and aj > 0

a  > a  for all i and j such that i > j , ai < 0 and aj < 0.

These conditions state that if i and j are a pair of aircraft

such that vi > vi , then when both ai and a. are positive, a.
Z

has to be less than a.	 However., if a,i and a. are both negative,

then a. must be greater than a. (i.e., the absolute value of a.

is smaller than that of a.) .
J

The above conditions enable us to use any possible combination of

paths and compute tij , where i can be F or S and j can be F

or S , thereby preventing any two paths to intersect before they merge

on the extended runway centerline.

	

1 .	 ,.

	{ i	 If the case of only two aircraft types, fast and slow, is consid-

ered, then the necessary geometry of approach paths is shown In Fig. 14.
1

This geometry requires that the following conditions have to be satisfied.

0 < aS < 90°

i;

-90° < aF as
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At the beginning of this section an assumption, "zero turning

radii," was introduced. If this assumption were not made the geometry

of the approach paths would follow that shown in Fig. 15, rather than

that shown in Fig. 14. We will now determine whether the geometry shown

in Fig. 14 is a close enough approximation of the geometry shown in

Fig. 15.

For the purpose of this determination, even for very unusual con-

ditions (high approach speed, high angle of interception of extended

runway centerline}, and low rate of change of heading) the straight line

paths shown in Fig. 14 give a good approximation of the circular arc

paths shown in Fig. 13. For example, if the approach speed of an air-

craft is 160 kts and the rate of change of heading is 30 per second,

the difference in the length of the approach path 'measured along the

straight line paths and the cii,, ular arc is 0.09 nm, if the angle of

interception of = 600 , and only 0.02 nm if the angle of interception

of 300	These differences in the length of the approach paths are

for the purposes of this study negligible.

The conclusion, then, is that the geometry of approach paths that

should be considered in further analysis of capacity is that shown in

Fig. 14 for the case of two aircraft types, or that shown in Fig. 13

for the more general case.

2.3. Objective of the Horizontal Separation Model

Consider the case of the two aircraft shown in Fig. 16. The thresh-

old interarrival time,

+ d
Ylj 	 ij 0t..ij	 V.	 v,l
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where	 t.	 is increasing with initial separation 	 Initial sepa-
13 ijdo

ration	 do .is the distance between two aircraft	 i	 and	 j	 at the
iJ

time - t = 0	 (leading aircraft 	 i	 enters the common path on the extended

runway centerline), measured along the trajectory of trailing aircraft j.

If for the given situation (aircraft types 	 i	 and	 j	 and a given ap-

proach path geometry) cne wants to minimize 	 t
1^
.. ,	 then the problem

could be staLed as follows:

n

dmin

a

iJ o

Y

subject to	 dij W	 Sij	 for	 t-
V.

t 1

where

d.. (t)	 _	 distance between aircraft	 i	 and	 j	 measured on al^
i

straight line in the horizontal plane

S id	 minimum horizontal separation for aircraft 	 i	 fol-
J

lowed by aircraft	 " ,	 given by ATC rules.

Condition	 t	 states that the ATC horizontal separation,	 Sij , isv-^-{
1

required only while both aircraft 	 i- and	 j	 are airborne.	 This condi-

tion can be released after leading aircraft, 	 i ,	 crosses the runway

threshold, at	 t =	 3	 However, the overall objective function ofv-
,.L

1

the horizontal separation model is much more complex; 	 it ca. be stated
r,

as follows: n

min t	 =	 E t	 pij ij

subject to	 d..(t)	 S..	 ,	 for	 t <	 ,	 for all 'i	 and	 j- .vim-i^	 J
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In this situation the geometry is not given, as it was in the pre-

vious very simple example. The problem becomes, then, one of finding a

geometry which for a given aircraft population and given ATC rules will

provide the highest landing capacity.

The next step is to study how the distance between two successively

landing aircraft changes with time.

2.4. Equations for Distance between Two Aircraft in a Plane

If the selected geometry of approach paths is that shown in Fig. 14,

and if two types of aircraft, fast F and slow S , are considered,

there are four possible approach sequences to be studied: FF , SS

FS and SF (where FS refers to fast followed by slow, etc.). It

has been noted in Section 2.3 that for the sequence of any two aircraft

ij , t 0 is the instant in time when the leading aircraft, i

enters the first point of the common path on the extended runway center-

line.

All four sequences mentioned above are shown in Fig, 17 at thee

point when	 t = 0 .	 As can be seen, for the sequence 	 SF	 there are
1

two cases:	 at the point when	 t = 0	 and the aircraft	 S	 is	 t ES

aircraft	 F	 could already be on the extended runway centerline, i.e., ?
a

aircraft	 F	 could have passed through point	 EF
	(case a) or it could

still be on that part of the approach path leading towards E F (case b)

The important point here is that in all cases 	 .dis the dis-i
	 0

tance between two aircraft when 	 t = 0 ,	 measured along the path of

the trailing' aircraft, 	 j r
The next step is to analyze interarrval times by studying the

'	 distance between two aircraft measured along a straight line in a
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i

horizontal plane, as a function of time. This distance will be denoted

by dij
(t) and will be studied for the four sequences mentioned above.

However, as Fig. 17 illustrates, cases 1 and 2 (SS and FF sequences)

represent essentially similar cases; they will therefore be studied as

one case.

2.4.1. The case of fast aircraft followed by a fast aircraft, or slow

aircraft followed by a slow aircraft

From Fig. 18 it can be seen that the function d(t) , the horizon-

tal distance between two aircraft, is a piecewise function of t .

Therefore,

1. for t < 0 (neither of the two aircraft is on the extended

centerline yet)

d(t)	 ld(t)	 do

d
2. for 0 < t <

	

	 (only the leading aircraft is on the extended

runway centerline)
a

d (t)	 2 d2 (t)= {vt + (do - vt)cos a} 2 + {(do - vt)sin a}2

i

2 2	 ^2
	= 2v t (1 - cos a) - 2dovt(1 - cos cx) + d°	(1)

N	 ,

d	 3

3. for t > —° (both aircraft are on the extended runway

v
centerline)

^	
t

a(t) -	 d(t) = d

Only equations which are referred to later are enumerated.

E
i
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2.4.2. The case of fast aircraft followed by slow aircraft

From Fig. 19 it can be seen that the function d FS (t) , the hori-

zontal distance between two aircraft (fast followed by slow), is also

a piecewise function of t . Therefore,

1. for t < - ^ (neither of the twoaircraft is on the extended
F

runway centerline yet)

t

F



2.7

d2S ( t) = d2 2S ( t)

[ (FS do - 11vF0 Cos a  + vF t] 2 
+ [ (FSdo 

uvFt) sin aS ] 2

= t2v2 (u2	 21jcos a + 1)
F	 S

t2FS dovF (cos aS - 11)

+
	 d 2

(3)
FS

,d
3. For	 t >_ uSvo (both aircraft are on the extended runway

F
centerline)

dFS (t)	 _ 3dFS(t)

=
d	

+	 v	 t
FSo	

F(1 - u)  (4)

2.4,3. The case of slow aircraft followed.by fast aircraft

Here two cases can be distinguished:

a.	 at	 t' = 0	 trailing aircraft is already on the extended

runway centerline, as shown in Fig. 20a( SFdo <

z b.	 at	 t 0	 trailing aircraft is not yet on the extended

f runway centerline, as shown in Fig. 20b ($Fdo > S).

In both cases, dSF(t)	 is the horizontal distance between the two:.

{

aircraft and is a piecewise function of	 t The two cases will be

treated separately.'
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f

Case a.	 (See Fig. 20a,	
< Q	 `)

i^	 ^

tSF

d	 - _4

1.	 For	 t <
SF	

(neither of the two aircraft is on the
F

extended runway centerline yet)

Id	 t) d F(t)1 S

r	 1

[vFt(ucos aS - cos aF) + ' SFdo - O cos a F, +	 2
a

}

+ [vFt(usin as - sin aF) + 	 SF do - Osin aF]2
l

s

t 	 - 2ucos(as - aF) + 1]2V [u2

i

+ t2vF (^[( 1 -cos aF) - }t(cos(aS - aF) -cos as)]
z
W

+ SFdo[pcos (as -
 ad
	 1]^ + SFdo

- 2R	 do (1 - cos aF) + 282(1 - cos aF) (5)

s

d
SF

- N

1

o2.	 For < t < 0	 (only the trailing aircraft is on the
3

V
F

_

extended runway centerline)
r

d4 	(t)
- 2dsF(t) r

kr ^

_ [v t (ucos a - 1) +	 d ] 2 + [uv t sin as]F	 SF o	 F	 5 2

f
I

- ^	 v2 (]t -2)ir	 ;r 	 I	 1) + t2v	 d	 (l-peo' a }
1O 	 ^Ei	 FS h'	 S

!-	 d
^ b' s^

^

0
N
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i

3. For t > 0 (both aircraft are on the extended runway

centerline)

d (t) =	 d (t)
i	 SF	 3 SF

SFdo vF{l - u)t	 (7)

Case b. (See Fig. 20b, SF
do > R '^

1. For t < 0 (neither of the two aircraft is on the extended

runway centerline yet)

ddSF (t)	 1SF(t)

[vFt(ucos aS -cos aF) + (SFdo 5)cos aF + R]2	 3
i

2+ [vFt(usin 
a 	

sin aF) + (SFdo - )sin a]

= 2vFt	 -P̂ - 2pcos(aS - 01 + 1]

1
a

+a -	 -	 -t2vF ^S[ (1	 cos)	 u(cos(aS	aF)	 cos as)^	
_a

+ SFdo[ucos(a	 aF)	 1]) + SF do

- 2R do (1 - cos aF) + 282(1 - cos aF)	 (8)

Note that this 1dSF( ) is the same as in the previous
u	

case a.
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{	

SFdo 
_	 -

2. For 0 < t <	 (only the leading aircraft is on the
F

extended runway centerline)
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2.5. Initial Separation

This section will describe procedures for determining those optimal

initial separations which satisfy model requirements.

Initial separation here refers to that distance between two runway

approaching aircraft, measured along the trajectory of the trailing

aircraft, that exists when the first aircraft intersects the common ap-

proach path (see Fig. 16).

Section 2-.3 notes that the threshold interarrival time is an in-

creasing function of initial separation. This section also notes that

the objective of the model is to minimize initial separation subject to

constraints imposed by ATC rules on the required horizontal distance

between two approaching aircraft.

As noted in Section 2.4 the horizontal distance between two air-

craft is a function of many variables rather than simply a function of
{

time. The function could be written as follows.

di^ (t) = dij (vi ,vj ,Yi ,Y^ ,ai ,aj ,t,ijdo)
r

	

However, v , vi 	 Y. and y . can be considered as fixed parametersi	 J	

i	 Jrather than variables, so

	

dij (t),	 dij(ai aj ,t, ij do )	 A

To maximize the capacity for a given geometry (i.e., ai , a. , Yi
J	

^

and y, are fixed) one wants..do to be as short as possible but still

	

J	 J

such that the ATC rule, dij (t) ? Sij , is not violated for any
Yi.

	

t < - 3	 For this condition and for ijdo 
to be minimized, the two air-

V.

craft have to be separated exactly 6 ij when they are closest to each

other.

--	 A.
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Yr

Using a partial derivative of dlj with respect to t , the

moment of minimal separation t* can be obtained, as follows.

atl 	= 0
	 t* '(ai'a 'i do) .J j

At the t* moment the two aircraft should be separated by horizon-

tal separation Si .
J
 , i.e.$

dij(t)It=t* 	sij

dij ^t) ( t=t* - ^(ai ,aj , ij do) = Sid

The initialseparation i do is then founds
j

i

3.jd0-1(ai,ctj,sij)
A

Note that S	 can also be taken for a parameter with a fixed
i ij

value; initial separation could then be written:

^J do

As noted, the threshold interarrival time, t j , is a function

of initial separat ^n,, 
iJ o

d ;' this function will vary depending on

the particular pair of aircraft types to be considered, so that

f(avaj )	 for i j (two aircraft of same type)

x

tf } -	 f(nf ^fx	 for i a wj (fast followed by }slow)

J Sl (cx i ,a) for L '' j (slow followed by fast,
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The functions t i , are included in the objective function of the model,
J

which is

min E tij pij	 (pij are given)

s . t . d (t) ? S
	

is
ij	

ij	
for t ^ vi
for all i and j .

The objective function, Et ij p iJ.. , becomes very complex for the fol-

lowing reasons.

a. Summation Etijpij has n? members, when n represents

number of aircraft types in airport population.

b. Members are nonlinear functions of a. and a. .
1	 J

c. Each member belongs to one of the three types of functions

mentioned above

4.

f (oci ,ot.)	 for i = j

3
fFs(ai,a.)	 for i > j

J -

fSF (aa,)	 for i < j
J	 ,

However, function f can take two different forms, function f FS four

and function fS F 	even five different forms, depending on the values

of input parameters vi , v , yi , y. and& ij , as well as on

the values of variables ai and a. themselves. The several possible

:forms of the three functions are the result of the fact thatsij(t)

being a piecewise function of t , could have a global minimum in more

F

i

t
x:	 a



34

than one of its segments. For example, the two aircraft could be mini-

mally separated with neither being on the extended runway centerline,

or minimal separation could occur when the first aircraft has already

entered the extended runway centerline, or, when both aircraft are on

the extended runway centerline.

Because, as noted, the objective function is complex and because

the constraints are non-linear, it was found necessary to compute initial

separations and, consequently, interarrival times and runway landing

capacity for fixed a  and a.J . This computation involves the devel-

opment of computer programs capable of determining capacities for dif-

ferent discrete values of these intercept angles.

2.5.1. The case of fast aircraft followed by 'a fast aircraft, or

slow aircraft followed by a slow aircraft

This case is shown in Fig. 18 and distance equations are given in

Section 2.4.1.

From equations for ld(t) , 2d(t) and 3d(t) it can be seen that

the min d(t), i.e., the minimum separation between two aircraft, will
I

occur for 0 < t < do/v , i.e., the minimum will be somewhere on the

segment 2d(t) of function d(t) . Range (0, d o/v) for variable t

represents that time when the leading aircraft is already on the extended

runway centerline and when the trail i ng aircraft is still approaching it

From equation (1) and for
f

{	
a2d2(t)
at	= o

zr

the time when minimum separation occurs can be found by
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*	 d 
t2 	 2v

At that time when they are minimally separated the two aircraft have

to be separated distance S ,

k̂ 	 2d2(t)	 ^ _ &2

I:	 t=tit

*
i.e., if t2 is substituted for t in equatioti (1) and the distance

is S , the following result is obtained:

w

d02

	

	 i

12: 
(i + cos )(

3

Subscript 02 indicates that the initial separation is comp +sited for the

case when min d(t) occurs on the second segment, 2d(t)	 of func-

tion d(t)

The graph of function d(t) is shown in Fig. 21. As can be seen,

the initial gap (horizontal separation) between the two aircraft begins

to close when t > 0 and reaches its minimum, which is equal to S ,

when t = t2	 The two aircraft are, therefore, always separated more

than is required, except at the moment t2 	 It is possible,. however,,
*

for the first aircraft to land (e.g., very short Y ) before t = t2

(see Fig. 22); in this case, the separation of the two aircraft should

be distance S at the moment when the first aircraft lands, if the

conditions d1J(t) 2:81J is to be satisfied for that period when both 	 }

aircraft are airborne, i.e.,
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2d 2 (t)	 =	 S2
t= Y

v

k

. Therefore, from (1) the fallowing quadratic equation is obtained

E a

f

A d05 	+	
B d05	

+	 C	 _	 0

whereA

A	 1

1 B	 - 2 y (l - cos a)

C	 =	 2 y2 (l - cos a) - S2

Consequently, the necessary initial separation is

-B +	 B2 - 4c
d05 2

Finally, the necessary initial separation,	 d	 ,	 for two aircraft
0

G
of the same type, depending on which of the two cases shown in Fig. 21

i and Fig. 22 one deals with, must be either 	 d02	 or	 d05

Subroutines	 SDOFF	 and	 SDOSS	 of the program,compute values for

These subroutines are given in Appendix B.2.
FFdo	

and	 SS 
d0

2.5.2,	 The case of fast aircraft followed by slow aircraft

The above case is shown in Fig. ,19, its distance equations are
^

given in Section 2.4.2.	 From these 'distance equations it can be seen
s

',
that the first two segments of the functions	 dFS (t)	 '	 1dFS(t)

	 and rR

are	 being distances, they
2dFS (

t)	 square roots of a parabola and,	 are

positive square roots of a parabola.	 The third segment of	 dFS(t)--

3dFS(0--is a linear increasing function of 	 t	 It can be shown
a'
r, v
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further that the slope of 	 2dFS(t)
	 for	 t =	 /pvF	 is always greater

FSdo

than the slope of	 3dFS (t) .	 A conclusion can therefore be drawn: 	 the

function	 dFS (t)	 could resemble any of the various shapes shown in

Fig. 23a;	 the following table lists all of the possible shapes of this

function. 

1dFS
(t)	dFS(t)	

min dFS (t) at point

a	 c	 A

a	 d	 A

a	 e	 C

b	 c	 B

b	 e	 C

Whichever of the above forms of the function 	 dFS(t)	 is encoun-

tered the same approach is taken, that is, when the two aircraft are

separated by a minimum distance, that distance should be equal to the

minimum horizontal separation required by ATC rules. 	 This minimum

separation condition is therefore used to find the necessary initial

separation.

However, there is another case to be considered in addition to
z

those shown in the above table: 	 the case presented in Fig. 23b. 	 If_f

the minimum distance between two aircraft occurs during the second

v

n

segment of	 dFS (t)	 ,	 i.e., at	 2dFS (t)	 ,	 and if the leading aircraft

lands before the gap between two aircraft reaches its minimum, i.e:,'

YS

vF	
<	

FSt2

t .f
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then, as the argument in Section 2.5.1 suggests, the minimum horizontal

separation 6 F should be imposed when t = Y S /vF . In short, the

function dFS (t) reaches its minimum at the upper limit of its domain.

Following are solutions of initial separation derived for the cases

when min dFS (t) appears in one of the four points, A, B, C, or D

shown in Fig. 23.

Case A: min dFS (t) at segment 1dFS (t) , i.e., for t < - R/vF

From equation (2) and for

a1dFS(t)

at	 °	 5

the time when the minimum separation appears,FSt1 , can be found:

t =
FS

do [cos(aS-aF)	 u] + ^{ (1 - cos Ot	 u[cos (OL aF) - cos aS] }
FS 1	 {u2 2pcos (aS - a,F) + 11 vF

}

Using the condition that the minimal distance between two aircraft is
,e

exactly equal to the minimum required by ATC rules, i.e.,

1dFS k ^^	 * _ SFS
t= tFS1

from equation (2) the following is found

_a

^2	FS1A FSd01 + FS1B FSd01 + FS1C	0

where

[cos(aS -aF) - }1]
2

FSlA = 1;-	 2	
,

- 2licos (Ct S - aF) + 1
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FS1B = 2^ [cos(a s - a F ) - cos as]

[cos (aS_a 	u [(1 cos aF) u{cos (as-aF) - cosas)

u 2  - 2pcos(as-af,) + 1	 `'

a,.ia

FS10 __ R
2 {2(l - cos aF)

[(l - cos aF) - P (Cos (aS-ad	 cos as)] 2
	

2_	
SFSuI - 2pcos (as -a +

	

F) 	1

The necessary initial separation for the A case is therefore,

^	
_ FS1	 FS12B +	 B	 4 A 0FS1FS1

FSd01	
2FS1A_

Case B: min dFS (t) at the limit of segments_ 1dFS (t) and 2
dFS

(t)
}

i.e., for t = -NvF

From equations (2) or (3) and for

1nFS (t ) 
t= -s/v

F
 - 2dFS (t) it 	 /vF	 SFs

the following is found

3

^2

FS4A FS4d04 + FS4B Fs4d04 + FS4c	 0

where

AFS4 	 1

x

I
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FS4B _ - 2 (cos aS - U)

FS4C - ^ 2 (u2 - 2 p cos aS + 1)	 &FS

The necessary initial separation for Case B is therefore,

B +	 B - 4

Fsdo4	

C

	

FS4	 /FS4	 F34

z

FS do
Case C: mir,. dFS (t) at segment 2dFS(t) , i.e., for vF t u

F	 F

From equation (3) and for

a2dFS (t)

at	 °
a

*
the time when minimum separation appears,FSt2 , can be found: 	 -

*	 Fsdo(Cos 
aS 

u)

FSt2	 (u2 2'Pcos aS + 1) vF
'	

9

f

	Using again the same condition as in Case A, i.e., 	 a

2dFS (t) *	 SFS
t=FSt2

and equation (3)-, it is found that the necessary initial separation for a

Case C is
x:

S
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ES
FSd02 =
	

2	
.

(cos a s
1 - 2

u - 2 coscx +1
j

Case D: min dFS (t) at the segment 2d FS (t) but when t = YS/vF

i.e., when leading aircraft is landing.

From equation (3) and for

2dFS (t)	 sFS
t= 

YS /VF

it follows that

2
FS5A FS5a05 + FS5B FS5d05 + FS5C	

0

where

FSSA	 l

FSSB<
	 2 YS (cos a

S
	 u)

ESSC = Y
2
 (u2 - 2 u cos as + 1)	 SFS

_	 ^	 a

The necessary initial separation for , Case D is therefore,

FS5B +	 FSSB2	
4 

FS5C

FSa05	
7

2

The above solutions to cases A, B, G, and D illustrate how to compute
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n	 n	 n	 n

FS
d
Ol	 FSd02	 FSd04 and FSa05'

The question now is which of

these four values represents 
FS 

do

The rule governing this choice will be as follows:

	

FS do	 kn FS dolt

such that

dFS M 
1 6FS for all t and

k*	 -	 SFSdFS (t) ^t_
FS t

Algorithm for	 is given in Appendix A.1	 Subroutine	 SDOFSFSdo

which computes	
FS 

d
0

is given in Appendix B.2.

2.5.3.	 The case of slow aircraft followed by fast aircraft

This case is shown in Figs. 20a and 20b, and corresponding dis-

tance equations are given in Section 2.4.3. 	 From the distance equa-

tions it can be seen that the first two segments of 	 dSF(t )	,	 1dSF(t)

and	 2d SF (t)	 are positive square roots of a parabola and that the

third segment,	 ,	 is an increasing linear function of	 t3d
SF

(t)

As noted in Section, 2.4.3, this 	 SF	 (slow followed by fast) se-

quence consists of cases 	 a	 and	 b	 they will be treated here sep-

arately.

Case a:	 (I<	 (See Fig. 20a and Fig. 24a.)SF 0

From equation (6) and for s

a2d2SF(t) =	 0t
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the time of minimum separation on second segment, SFt2

be

t	
_	

SFdo 
(1 ucos aS)

SF 2	 (}12	 21pcos a  + 1)v F

It can be seen that 
SF 

t2
> 0 ; the second segment of dSF(t) is	 .^

i

therefore a decreasing function of t over its entire range (see Fig.

24a) .

On the other hand, the third segment of dSF(t) is a decreasing	 °;

linear function of t	 It can also be shown that the slope of d2SF(t)
9

when t = 0 (t = 0 being the limit between 2dSF(t) and 3dSF (t)) is

steeper than the slope of ^d SF (t)	 ;.

The above characteristics of the function d SF (t) can then be

said to support the following conclusion: the shape of function dSF(t)

could correspond to one of the alternatives shown in Fig. 24a.

The following table lists all of the possible shapes of function

dSF (t) 
> see also Fig. 24a.

mind
1dSF (t)	 2dSF(t)	 SF (t)

at point

a	 d	 A

b	 d	 D

e	 d	 D

I

k
Using, then, the argument developed in Section 2.5.2, the solutions

for initial separations are derived for the cases When min dS F (t) 3

occurs at points A or _D (Fig. 24a) .
3
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SFa°Case A: min d (t) at segment d (t) , i.e., for t <	
FSF	 1 SF	 v

i

From equation (5) and for

1

a1dsF(t)
= 0

at

The time when the minimum separation appears, SF 1t1 , is then found to
i

be

d[ucos (a
SF o	 S 

aF) - 1^ + R [(1 -cos aF )
	 u(cos (aS -aF) - cos)

S ]* 
SFtl {u2	 2ucos(a - aF) + 11vF

k

Further, from condition

1dSF (t)	 SSF
t=SFtl

and from equation (5), the following is found	 u

^2 _
SFlA SFd01 + 5F1B SF

	

+ SF1C	 0

where

[u cos (q 5 _ — ctF) - 1J 2 3

;I	
A = 1 -

	 1

SF1	
'P - 2pcos (a - Ot + 1

3
[ucos(aS-aF)-13[(l-cosy )-p(cos(aS-a )-Cosa,)]}

SF?= -2^{(1-cosaF) +	 2
u - 2pcos(as - aaF) +'1

G	 x
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(1 -,Cosa F) - u(cos(a -a)	 Cosa) 2
SF1C = RZ12(1-cosot) - 	 2	

S F	 S	
) 6 SF .u - 2 p cos (aS - a  + 1

The necessary initial separation for Case A is therefore,

-'SF1B + SF1 B 	4 SFlA SF1C
SFd01 2 

SFlA

Case D: min dSF(t) at the upper limit of the range of segment 3dSF(t),,
S

	

i.e., for t = t5 = YS
	

(the time when leading aircraft is
u F

landing)

From enuntion (7) and for
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Case b.	 >	 (	 (See Fig. 20b and Fig. 24b, c, and d.)
i	 -- SFdo
k

{

I	 The only general conclusion about function	 dSF(t) is that in

ease b the third segment,	 3dSF (t) ,	 is a decreasing. linear function

of	 tt

The possible alternatives for the shape: of	 dSF (t) and the loca=

tions of the	 min dSr (t)	 are shown in Figs. 24b, c and d;	 these alter-

natives are presented in the following table.
(

d	 (t)	 d	 (t)	 d	 (t)1 SF	 2 SF	 3 SF min d	 (t)SF Fig.
at point

a	 e	 f or g A 24?,'
,b	

e	 g D n

C	 e	
g D .e s

C	 e	 f C n
s

d	 e	 f
G , ►

I

d	 e	 g D ee
i

a	 h	 g A 24c

b	 h	 g D 11
i

d	 h	 g D
y
^	 xy

a_	 i	 f A 24d

s	 l	 $ D
n

d	 i	 f B ,t

d	 i	 g D
ee

i
a

i	 Comparing equations (5) and (7) or (8) and (10)- it can be seen

that they are identical, but the ranges of functions are different.

However, the initial separations found for the cases when	 min dSF(t)

•	 2.
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occurs at points A or D are the same, for both the	 a	 and	 b	 cases.

Therefore, only the initial separations for the situations when	 min dSF(t) a

f
occurs at points	 B	 or	 C	 have to be found.

Case B:	 min dSF (t)	 at the limit of segments
1dSF(t)

	 and	 2dSF(t)
1

i.e., when	 t = 0
a

From equations (8) and (9) and for

1dSF (t) It=0 	 2dSF(t) It=0 SF
x

the following is found

^ 2

SF4^' SFd04	 +	 SF4B SFd04	 +

_	 '

SF4C

f

a

where

x

SF4A	
1

SF4B	
_	 - 2 8(1 - cos etF) r

SF4C	
=	 282 (1 - cos otF) - 6 SF

The necessary initial separation for case B is therefore,

x

2

3SF4B +	 SF4B 4 SF4C
:. d	 =

SF 04 2

r

i1

r	 ^`

,
x
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Case C: min dSF(t) at segment 2dSF(t) , i.e., when 0 < t < SFv
F

From equation (9) and for

82d2F(t)
0

at

the time when minimum separation appears, SFt2 , can be found, as

follows

	

t*
	 SFdo (I - ucos a 	 a) - R(1 - Cos 	 u)

	

SF 2	 (u2 2 u r.os a  + 1) v 

Therefore from equation (9) and for

2
d 

SF 
(t)	 8

SFt=	 SF



j	

(12	 cos aF)2(l +. u)2 	 2
SF2C

	

	 S{2(1 -cos aF) - 2 } 	 SSl
u - 2 u cos a  + 1

The necessary initial separation for case C is therefore,

2

	

„	 - . SF2is 
+	 v1s F 2 B	 4. SF24 SF2C ..

SFd02
SF2A

The above solutions to cases A , B , C , and D ill,

how to compute SF
d01" SFd02 ' SFd04 

and 
SFd05	

The quea

is which of these four values represents SFdo .

The rule governing this choice will be as follows,

SFdo = min SFaok

such that

dsF (t) > 6 
S
	 for all t

and
1

dSF(t)	 k*	 SSFt=SFt

The algorithm to find SFdo is shown in
_a flowchart in Appendix A.2_,

Subroutine SDOSF which computes SFdo is given in Appendix B.2.

2.6. gquations for Tnterarriyal Time at Threshold

When all initial separations for the four sequences (FF, SS, FS

and SF) are found, the threshold interarrival times for the same se-

quences should be computed.

Using the expression for 
t,j 

given in section 2.3,



`i0

n
Yi3 

+ij do	 Y
tij	

_	
- v.	

,

and the definition of .Yid f:-om Section 2.1,

f
E

Yid = min(Yi:,Y^

The interarrival times at the threshold for the four above sequences

will be

t	 = FFd°FF	 v 

E	 t	
- SSdo

SS	 v 

j

	

Y s' + Fsao	 Ys
tFS 
	

S
	 VF
	 {

i

t
	

^YS + _
SF	

S

	

do	
Y

SFv	 vF	 S

Subroutine SOOT given in Appendix B.2 computes the values of 	 k
w

interarrival times.;,;	 3

In the case when there are more than two aircraft types in a

population, the matrix of the interarrival times should be computed in

such a way that the aircraft population is considered pair by pair;

each pair always consists ofa fast and a slow aircraft.

x_
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2.7.	 Model for Arrival Runway Capacity'When Aircraft Mix Consists of

Two Aircraft Types

As noted in Section 2.5, it was decided to compute capacity for

'	 the discrete values of angles 	 ai	 The model will then consist of the

following steps:

1.	 Generate angles 	 aand	 aF,
1

2.	 Compute initial separation 	
FFdo ,	 Ssdo	 SFdo	

and	
F s do

3.	 Compute interarrival times at threshold 	 tFF ,	 tSS '	 tSI'

and	
tFS

4.	 Compute mean interarrival times	 t

t = ,Eti^p ip^ - tFFPFpF ± tSFp SpF + tFSpFpS + tSSPSPS

5.	 Compute landing capacity

a	 1

a

3

6.	 Go to 1.

The restrictions for model input parameters as well as the ranges

for variables	 as	 and	
aF 	

are given in Fig. 25

t Program computing capacity for the case of only two aircraft types,g '_	 P	 g	 P	 Y	 Y	 YP	 ,
I.

{{'	 CAPSF, is given in Appendix B.3.
I

For the following input;

--	 aircraft approach velocities: 	 'vF	and	 vs

--	 necessary straight approach lengths: 	 YF	 and	 YS

--	 proportion of aircraft types in the mix: 	 pF	 and	 p y

--	 matrix of horizontal separation rules: 6.. _ {&  F's FS' SSF'dSS
n

J



It 1

52

the following output is obtained:

- matrix of capacities X(aS'a`F)

-- matrices of initial separations SFd0
(aS'(Y F)

A

FSd0(aS'aF)

FFdo (aS'ad

SSd0(01S'aF)

-- matrices of indices showing the shape of function d ij (t) and

location of minimum separation (see Appendix A)

INDXSF (as ,av)

INDXFS (a s ,aF)

INDXFF (aS lot 

INDXSS (aS ,aF)

An example of this output is given in Appendix C .I.
1

2.8. Model for Arrival Runway Capacity When Aircraft Mix Consists

of Three or Four Aircraft Types
j

A procedure similar to that discussed in Section 2.7 is used to

compute capacity for these two cases, a difference being that instead

of preserving the values of capacity for all combinations of angles
^	 1

generated, the highest N, values for capacity are stored during the

computation and then printed, together with the values of the angles
i

which provide those N maximum capacities. For the purpose of com-

parson the lowest N values are preserved and printed as well.

The procedure to determine N maximum and N minimum capacities

for the'case of three aircraft consists of the following steps.

E

	

	 Note that the case when a population consists of four aircraft types is
not illustrated, since this case is essentially similar to that fol-
lowing three aircraft.
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^I
I^

1. Generate angles al	 a2 
and a3 .

2. Group the aircraft types in couples, i.e.,

E^	
1 and 2

p,

1 and 3

2 and 3

and treat each ofthese couples as a pair of slow and fast,

i	 S and F

3. For each of the couples compute initial separations, thus ob -

taining a matrix of initial separations,

ijao

4. From the matrix of initial separation,	 d' , compute the
ij o

matr=x of threshold interarrival times, tij

5. Compute mean interarrival time,

i
j

t = E tij pi P.

I	 $. Compute landing capacity,

1	 ,

i t

7. If the capacity found belongs to the set of N highest or

j	 N lowest capacity values, store it along with the correspond-

f
ing angles. If the capacity does not belong to either of these

I	 ^.
j	 sets, storage is unnecessary.
I

8. Go to 1.

The restrictions for model input parameters and the ranges of
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variables ot. are given in Figs. 26 and 27, for the populations of
^_

three and four aircraft types.

Programs computing capacities for the two populations, CAP3 and

CAP4 , are given in Appendices B.4 and B.5.

For the following input,

-- aircraft velocities	 vi for i = 1, 2, 3 or i = 1, 2, 3, 4

-- necessary straight

approach lengths	 Y.	 n
i

-- proportion of aircraft

types in the mix	 p,	 n	 "1

matrix of horizontal

separation rules	 dij for 1 = 1, 2, 3 or 1	 1, 2, 3, 4

and j	 1 2, 3 or j	 1, 2, 3, 4,

the following output is obtained:

N maximum values of capacity a and corresponding angles on

for i	 1, 2, 3, or i	 1, 2, 3, 4	 a

N minimum values of capacity X and corresponding angles

ai for i	 1, 2, 3 or i	 1, 2, 3, 4.

An example of output from program CAP4 as given in Appendix C.3,. 	

j]

	

Value N is arbitrarily set at 40,	 1

1

'9	
1

j
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3. Application of Capacity Models with Horizontal Separation Only

3.1. Input Data

Data for inputs into the models were obtained from: several ref-

erences given in the reference list 2,3,4, particularly those concerned

with approach speeds and the minimum length of straight final approach;

consultation with airlines and aircraft manufacturers; and approach

speed studies at the TRACON facility at the Oakland International Airport.

A review of these three data sources indicated that the following

tabled inputs will usefully demonstrate the application of the proposed

models.

Aircraft Classification
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i

S6

k^

Minimum horizontal separation rules for aircraft i followed by aircraft j

a.	
6 i 5 nm when the leading aircraft is aircraft type 4 (i = 4)

i
and trailing aircraft is either type 1, 2, or 3 Q = 1, 2, 3)

6 i
=	 4 nm when the leading aircraft is aircraft type 4 (i = 4)

and trailing aircraft is aircraft type 4 (j = 4)

S ..
'

=	 3 nm when the leading aircraft is either aircraft type 1,13

2, or 3 (i = 1, 2, 3)

1
	 b. Sij =	 3 nm for all aircraft types

C. 2 nm for all aircraft typesij

Aircraft Mix

percentage of aircraft type i in mix
Aircraft Type

i	 a	 b	 c	 d	 e	 f g
i

7	 30	 20	 10

2	 30	 20	 10

3	 80	 60	 40	 20	 20	 40	 60

4	 20	 40	 60	 80	 20	 20	 20
I

 
1

Using ILS, all aircraft have to pass through a'common entry gate;

therefore, the length of approach along the extended runway centerline

is the same for all aircraft types; that is, Y i y = 6 nm (6 nm is

assumed to be the average distance from the entry gate to the runway

threshold) a

Using MLS, each aircraft of type i enters the extended runway

centerline`at its own entry gate, E.' , at distance Y. from the

runway threshold (see the table on the previous page).

For both ILS and MLS, the angles of entry to the common approach
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path are optimized to provide maximum capacities. These capacities are

then compared.

As stated in Chapter 1, this comparison is made assuming that both

systems are free of errors: aircraft precisely maintain assigned flight

paths and arrive at points in space precisely when they are expected to

be there.

3.2. Analysis of Results

The first case involves aircraft mixes that contain only two air-

craft types (mixes a, b, c and d), namely, heavy and nonheavy jet air-

planes. The results are shown in Fig. 28, and the output tables for

Points A and S are given in Appendices C.1 and C.2.

The curves in Fig. 28 correspondto the optimum values of the

angles of intersection of the entry path with the final approach path,

aF and as	For point A, a s = 100 and aF 	 100 (see table CAPSF,
i

Appendix C.2) The analysis also shows that as and a  can vary
a

considerably and yet provide about the same capacity as long as the

geometry of the flight paths is similar.

There are several points that can be made about the angles as

and aF which are important when landing capacity is considered (see

Fig. 29). One is the value of the relative angle aR (the angle

between the two paths before they enter the extended runway centerline).

aR = ' ( aS	 arC

This relative angle is important when the two aircraft have a common
j

entry gate, as in TLS (Fig. 29c and d) or when they have different

entry gates:, as in ML,S (Fig. 29a and b). The optimum range of aR

f
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s	.
depends on the ratio of approach speeds of two aircraft,	 _ -

v
s .

vF

The greater is P the smaller is a  . From table CAPSF, in Appendix

C.2
11
 it can be seen that when v S = 140 kts and when vF = 150 kts, i.e.,

for a high value of u , the optimum range for a  is 10-40 0 .

Another point about path configuration is how well centered aR

is relative to the extended centerline of the runway. The configurations

in which the approach paths are more or less symmetrical relative to the

extended runway centerline, as shown in Figs. 29a and 29c, result in

larger capacities than those when a  is not symmetrical with the ex-

tended runway centerline (Figs. 29b and d). This point can be seen in

the CAPSF table, Appendix C.2. (The optimal range of angles for aS

n	 a i circled in th t table.and	 F sa
1

Returning to Fig. 28, it can be seen that there is no essential

difference in landing capacity between MLS and ILS when the mix consists

of aircraft types with similar approach speeds. There is a slight in-

crease in capacity as the proportion of faster aircraft in the mix is

increased, when the minimum separation rules for all aircraft types are

= 2 nm and S 3 nm . This slight increase is to be expected be-

cause the average speed of the stream of aircraft increases. When,

however, the current S = 3, 4, 5 nm, separation rules are applied;

the capacity decreases as the proportion of fast aircraft increases

This decrease occurs for the following reasons: because the fast air-

craft are also the heaviest, therefore, when a heavy aircraft is fol-

lowed by a light one the pair must be minimally separated a distance

of 5 nm; the minimum separation must be 4 nm when a heavy aircraft is

followed by another heavy aircraft. In short, the average spacing

between approaching aircraft increases when the minimum separation rule



6 = 3, 4, 5 nm is applied, and this has more influence on the capacity

than the mentioned increase of average speed of the aircraft stream.

Fig. 30 shows the importance of optimizing entry angles. (The

CAPSF tables in Appendices C.1 and C.2 should be consulted for a more

detailed treatment of this subject.) Note that the figures curves were

plotted not only for the optimal angles of tlQ° (see also Fig. 28 but

also for values of a  and a  of ±40 0 , -+60° , and ±800 . De-

creases in landing capacity of 4%, 11% and 21% were found relative to

the optimal configuration. Similar results could be shown for cases

when the minimum separation rules are S 2 nm or 6 = 3, 4, or 5 nm.

This implies (compare Fig. 28 and Fig. 30) that under the assumptions

of the model and for the aircraft types considered, runway landing

capacity is more sensitive to changes in entry angles than to other

parameters_, such as, for example, the proportion of fast and slow air-

craft, or the length of the common approach along the extended runway
i

centerline.	 As shown in Fig. 28, shortening of the common approach

length from 6 nm to 4 nm does not result in any significant increase of j
j

landing capacity even for the optimal angles of entry, because the dif-

ference in approach speed of the two aircraft is relatively small.

A second case which demonstrates the application of the model

involves four aircraft types in a mix (mixes e, f and g from Section F

3.1).	 The results are shown in Fig. 31.	 (Example output for point C in s ^

Fig. 31 is given in Appendix C.3.)	 From this figure it can be seen that

f

the use of MLS increases landing capacity, and for the given example the
j	 3

4

increase is about 6-10% when minimum horizontal separation is 6 = 3, 4,

5 nm, 7-11% when	 6 = 3 nm, and 10-16% when	 6 - = 2 nm.

a	
Note that the increase of capacity is greater when the aircraft,
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mix consists of approximately half fast and half slow aircraft (e.g.,

p l = p2 _ .3 , p 3 = p
4 = .2) than in the case when one type of air-

craft prevails (e.g., p  = p 2 = .1 , p 3 = .6 , p4 = .2 which is a mix

with 80% of fast aircraft). This point agrees with the conclusion made

earlier in this section that the increase of capacity obtainable with MLS

is,rather small when a population consists of aircraft types with simi-

lar approach speeds. This point also agrees with the discussion of ex-

pected capacity increase given in Section 2.1.

The capacity increase obtained in the second case (four aircraft

types) is significantly greater than that obtained in the first (two air-

craft types), for two reasons;	 first, the differences between the veloc-

ities of the aircraft types are much greater in the second case than in

the first;	 second, the decrease of the common path length is greater

in the second case (on the average), and particularly because the slow s

aircraft types enter the entended runway centerline only 2 nm from the

runway threshold.

As the model computes capacity for discrete values of angles a.
i

it should be noted again (as in the case when there are two aircraft

types in the mix) that, for all practical purposes, a group of solu-

tions (rather than a single solution) ensure maximum capacity. 	 This

can be seen from the output example for'CAP4, Appendix C.3.

Some of the solutions are presented graphically in Fig. 32; 	 all

result in about the same capacity.	 Differences between solutions are

the result of:	 slight changes in some of the entry angles; 	 an inter-

change of the given trajectories for two similar aircraft types; 	 or

1 however,a combination of both. 	 It should,	 also be noted that the

r

flight path configurations shown on Fig. 32 are not radically different.
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If entry angles radically different from those shown on Fig. 32 are

used, the capacity could be reduced by as much as 20% (see the Minimum
a
a

Capacity table in Appendix C.3) .

Some additional examples indicate that further decrease of the

length of common straight approach (e.g.,, Y1 = 1 nm, Y2 = 2 nm, Y3

3 nm and Y4 = 4 nm) will not bring any significant increase in runway



4. Analysis of Capacity Models with Horizontal and Vertical Separation

4.1. Introduction

Chapters 2 and 3 have considered a landing capacity model which is

governed by the assumption that in accordance with current ATC rules only

horizontal separation between aircraft is allowed during approach.

In this (and the next) chapter, runway landing capacity will be

analyzed. It will be here assumed that horizontal and vertical separa-

tion between aircraft approaching a runway is possible. Landing capac-

ity will be computed using, for each particular aircraft pair, the more

efficient of the two possible aircraft separations.

Some preparatory remarks should be made before proceeding. First,

no two-segment approach paths will be considered. Second, as the fea-

sible angles of descent under IFR conditions vary from 2.50 to 8-10°,

this span of about 7° does not allow for more than two "useful" paths

in the vertical plane, useful referring to those paths which provide

vertical separations that are more suitable from a ca pacity point of

view than the corresponding horizontal ones; consequently, there is no

point in dividing all aircraft types into more than two categories,

these categories being determined by the descent angle capabilities of

the aircraft type.

These two categories will be: (1) aircraft capable of performing

steep descent`(STOL aircraft) and (2) the remaining aircraft population

(CTOL aircraft). Second category aircraft are assumed to be in the

same horizontal plane and are separated by horizontal separation rules.

If a vertical separation of only 1000 ft _(305 m) were applied (forN	 'K

angles of 2.5 or 3descent an) the resulting horizontal spacings	 ag	 °	 °	 g	 s areP	 g

either greater than the prescribed minimum given by the horizontal'
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separation rules or are infeasible because of wake vortex separations.

The argument in chapters 2 and 3 will apply to the situation when both

groups of aircraft appear in the mix. Vertical separation will be ex-

amined only for the cases when at least one of the two consecutive land-

ings is performed by an aircraft with steep descent capability.

4.2. Vertical Separation

If a pair of aircraft land one after the other and one of them is

capable of performing steep descent, it is assumed that two distinct

approach paths in the vertical plane are followed. (This situation is

presented in Fig. 33.) These paths are denoted as higher approach, H

and lower approach, L 	 Similar notations will be used for all air-

craft utilizing these paths. It is assumed further than the- aircraft

using the higher path will have lower approach speeds than. those using

the lower path, i.e.,

vH < vL

i

This assumption implies that if only horizontal separation is

employed, the aircraft pair landing sequence low followed by high (LH)

will be critical from a capacity point of view because it actually rep-

resents the fast followed by slow aircraft sequence (FS) This sequence- 	 l

is shown in Fig. 34 at the moment when the landing aircraft, L , crosses

the threshold. If the vertical separation, X , between the two air-

craft produces fi91 , the horizontal spacing between the two aircraft

at that moment--which is less than the spacing required under ATC hori-

zontal separation rules, some gains in capacity can be expected. How-

ever, to assure that a vertical separation between the two aircraft of
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x

at least X is cone%nually preserved before the leading aircraft, L,

lands, the following condition has to be satisfied:

v  sin 0H ? vL sin eL ,

i.e., the vertical component of the speed of aircraft H has to be

equal to or higher than that of aircraft L 	 If this condition is

satisfied, the vertical gap between the two aircraft continually closes

during approach until it reaches X , the minimum required vertical

separation, when the leading aircraft lands,

This condition can also be:
k

v	 sin, 0L	 L
V	 >
H	 - sin OH

This variation of the condition suggests, since angles 	 OL	and ^4

0H	are small, that if the angle	 0H	 is three times as big as angle

OL	then	 vH	has to be greater than one third of 	 vL	This is an *-

approximation, but it shows that when 	 OH	is large enough the condi-
.	 ;	 .

tion is always satisfied.
A

An exact solution for the minimum speed of an aircraft on the

upper approach path, when	 v 
	 =	 150 kts,	 a  = 3

0
	 and	 0H = 7 .50

is that	 vx ? 60 kts.	 This condition will be satisfied because the

aircraft capable of steep descent have expected minimum approach speeds

of 70 to 80 kts.

When the necessary vertical separation condition is satisfied the

separation between the two aircraft, in sequence 	 LH	 at the moment

when leading aircraft lands,'will be
n

e^
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`A

X

HQX	 tan e 

When 6H = 7.50	
HQX 

has the following values.

X	 HRX

(ft)	 (m)	 (nm)

1000	 305	 1.25

1500	 457	 1.87

2000	 610	 2.50

The table indicates that vertical separation causes some capacity

improvement, since the horizontal spacings of vertically separated air-

craft are shorter than the minimum required horizontal separations,

except when 6 
i
	 2 nm and X 2000 ft (610 m).

i
The sequence under consideration has been LH , an aircraft on a

dower path followed by an aircraft on a higher one. However, there are

t1j ee other possible same pair sequences: HII , HL , and LL

Sequence HH will require a vertical separation X when the lead-

ing aircraft lands, at which moment (see Fig. 34) the horizontal spacing

will be	
HQ}(

For sequence HL , .orizontal separation will be such that when

the leading aircraft, H , lands, the trailing aircraft, which has,
,

as noted, a higher approach speed, will be distance o from the thresh-
1

old.

Sequence LL requires horizontal separation only. The model de-

scribed in Chapter 2 will be used to compute threshold interarrival

time as it relates to horizontal separation.
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The requirements for each of the above four approach_ sequences

suggest that the threshold interarrival times for a pair of aircraft

using different descent paths are

H 9X
tLH	 tHH	 vu

S
tHL 

= v 

tLL

	

	 to be found using the model for horizontal

separation only.

F.	 The next section will describe how these interarrival times can be

'	 combined and runway landing capacity will be computed.
,

4.3. Model for Arrival Runway Cap acit

The following description of this simple model will consider four

differing aircraft types using the same runway. The types are denoted
F	 `ir	 ^
j'	 as 1, 2, 3 and 4 	 speeds ascend from type 1, the slowest, to type 4,

j
the fastest. Only type 1 aircraft are capable of performing steep

descent, i.e., they are type H ; all other types are type L (see
i

Section 4.2.)	 The following model parameters are
{

V.	 _ aircraft approach speed	 1 = 1, 2, 3, 4,

1
yi	 min straight final approach

lengths	 1	 1 	 3, 4

p
i	

proportion of aircraft type	 i	 1, 2, 3, 4

S.,	 min ,horizontal,separation matrix i = 1, 2, 3, 4; j = 1,2,3,4
T]
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ei = angle of descent	 O1 > e 2 = 0 3 = A4

X = minimum vertical separation.

1	 To find runway capacity when aircraft type 1 use a steeper angle

i
of descent than the other types, and when vertical separation between

aircraft type 1 and the others is applied, the following steps should
f

be made.

1. Check whether the necessary condition for vertical separation

(given in Section 4.2) is satisfied, i.e.,

v  sin 0L

v.H -	 sin 
e 

in this case it should read:

> 
v4 

sin e4

v1 _
	

sin 01

and v > 	> v and 0= e	 0	 l4 - v3 	 2	 2	 3	 4	 I
If the condition is satisfied vertical separation can be

applied.

2. Form the matrix of interarrival times, as follows

Trailing aircraft

1	 2	
3	

4

1	 tl^ t
1,2 t

1 ^3 t1,4

2	 t2^1

Leading	 tL,L

aircraft	
3	 t3tl

(^	 ^^



S1,3
t	 =1,3 v3

514
t	

-

1,4 v4

tLL
is computed as the mean interarrival time when the population

consists of three aircraft types;	 computation involves use

of a model which assumes horizontal separation only (Program

CAP3).	 All the input values of this model are the same as

detailed earlier in this section, except that the proportion
i

of aircraft in the mix is modified in such a way that
t

E	 p!	 =	 1 ,	 where	 p!	 are new proportions and the
i=2,3,4
relation between	 pZ ,	 p3 ,	 and	 p4	 is the same as it was

betweenp 2	 p3	 and	 p4	 namely, G

pi

pi	 E	 p s
i=2,3,4

It should be noted that when obtainingtLL 	the optimal

horizontal path geometry for aircraft types	 2, 3 and 4 will

be found.

3. Find the mean threshold interarrival time,	 t .'

LA._..
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5. Application of Capacity Model with Horizontal and Vertical

Separation

5.1. Input Data

The second of the two examples given in Chapter 3 will be here

modified so that the influence of vertical separation on capacity can

be determined.

The example's classification of aircraft types is the same as

that given in Section 3.1, page 55, excepting that type l aircraft are

considered capable of performing steep descent. A corresponding set

of descending angles are assumed as follows.

A/C type	 Angle of descent

i	 ei

1	 7.5
0
	a

30

3	 30

4	 30

Another exception is that if type 1 aircraft perform a descent

where 01 7.50 they will have lower approach speeds, so that vl

80 kts when vertical separation is applied. Speeds for aircraft types

2, 3, and 4 are the sameas those listed in Section 3.1, page 55. 	 g

The remaining inputs for the capacity model with horizontal. and

vertical separation are as follows.

-- Minimum lengths of straight final approach for all four air-

craft types are the same as those given in Section 3.1, page 55.;

-- Minimum horizontal separation rules are as given in Section

3.1,, page 56.

a
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Minimum vertical separation rules are assumed to be the same

as given in Section 4.2: X = 1000, 1500 and 2000 ft (305, 457

and 610 m).

-- Aircraft mixes used in this example are the mixes e , f and
I

g given in Section 3.1, page 56.
,	

In summary, modification of the selected example involves the fol-

lowing assumptions: an aircraft type 1 performs descent at a 7.5
0
 angle

l^	 with an approach speed of 80 kts; type 1 aircraft are separated ver-

tically; type 1 aircraft are also separated from other aircraft types

tiby vertical separation; a vertical separation between any two aircraft

}	 types can be either 1000, 1500 or 2000 ft. Aircraft types 2, 3 and 4

are separated horizontally.

j

	

	 Using the model described in Section 4.3, the results plotted in.

Figs. 35, 36 and 37 were obtained. Note that in these figures, plots

for only horizontal separation are actually those given earlier in

Fig '31,

5.2. Analysis cf Results

In Section 4.2, it was noted that for a steep angle of descent,

0H = 7.5 0 ; minimum vertical separations of X are 1000, 1500 and

2000 ft (305, 457 and 610 m) ; horizontal spacings between two aircraft

are 1.25, 1.87 and 2.50 nm, respectively, at that moment when the lead-

ing aircraft lands and trailing aircraft is on a steep descent path.

These spacings are much shorter than the horizontal spacings between

two aircraft at the moment when the leading aircraft lands if current

ATC horizontal separation rules are applied. Consequently, significant

improvements in landing; rapacity should be expected. An exception-iy



rr

72

the case when required horizontal separation is only two nautical miles

and vertical separation is either 1500 or 2000 ft; this exception

applies particularly when vertical separation of 2000 ft is required

and when 011 = 7.5°; the resulting horizontal spacing, i X , equals

2.5 nm; this horizontal spacing is larger than that .required by mini-

mum horizontal separation rules; therefore, the use of vertical separa-

tion in this case would decrease rather than increase capacity. The

greatest improvement should be expected in the case when minimal hori-

zontal separations are in their high range, e.g., 3, 4. 5 nm separation.

Figs. 35, 36, and 37 shows runway landing capacities for ILS and

MLS procedures, the latter involving the use of: only horizontal sepa-

ration, and horizontal and vertical separation. Input values for these

capacities are those listed in the previous section

The single difference in the capacities shown in Figs. 35, 36,

and 37 is a result of differing minimum horizontal separation rules.

The minimum horizontal separation, rules used in computation of the

capacities shown in Fig. 35 require that 6 3, 4, or 5 nm. As this

figure indicates, MLS procedures can produce a capacity increase of as

much as 40 to 50% when compared under the same aircraft mix conditions-

with ILS proc,^!dures.

Fig. 36 shows the capacities obtained when the horizontal separa-

tion rules require that 6 3 nm. The increase in capacity when MLS

rather than ILS procedures are used can be as much as 30 to 40%.

The capacities shown in Figs. 35 and 36 indicate that when any of

the three vertical separations (X - 1000, 1500, or 2000 ft) are applied

higher capacity increases, compared with capacities obtainable when

ISS procedures with only horizontal ,separations are applied, are
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obtained. However, when the horizontal separation rules are from a

capacity point of view improved, i.e., minimum horizontal separations

are shorter, the additional gain in capacity, if any, is, as noted,

smaller, see for example Fig. 37. This figure shows that a vertical

separation of 1500 ft produces about the same result as a horizontal

separation of 2 nm, i.e., the increase in capacity obtainable in both

MLS cases (with and without vertical separation) is about 15%, when

compared with the capacity obtainable wits ILS. The figure also shows

that a vertical separation of 1000 ft produces a capacity improvement

of 30%, when compared with that obtainable with ILS. In contrast, the

figure shows that if type 1 aircraft are separated vertically, from

themselves and from other aircraft, by 2000 ft, rather than horizontally,

by 2 nm, the effect of vertical separation on the capacity is negative..

Note that the highest obtainable increase in landing capacity when

using MLS procedures occurs when the aircraft population consists of

roughly equal divisions of fast and slow aircraft. (This point is dis-

cussed in Section 3.2.)

In Section 4.3 it was noted that when the capacity model (which

responds to both horizontal and vertical separation rules) is applied,

it produces optimal horizontal path geometry for aircraft types 2, 3,

and 4. further, in Section 3.2 it was noted that when horizontal sepa-

ration rules are applied (to either MLS or ILS procedures) more than

one optimal configuration results. Fig. 38 illustrates one of these

approach paths configurations; this configuration maximizes landing

capacity and produces the results shown in Figs. 35, 36 and 37. The

paths are as follows:

-- Aircraft type 1 approaches on a glide slope of 7.5°, performing
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k
F either a straight (as shown in Fig. 38) or curved approach.

-- Aircraft types 2, 3 and 4 all approach on a 3° glide slope.

-- Aircraft type 4 approach directly along the extended runway

centerline.

extended centerline-- Aircraft type 3 intercept the runway	 from

its left side, at an angle of 20°, 4 nm from the threshold.

-- Aircraft type 4 intercept the extended runway centerline from

its right side, at an angle of 30
0
, 2 nm from the threshold.

i

a

k

i -
r;

to

w

La
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6. Conclusions

MLS allows the use of multiple approach path geometry in the final

stage of approach, whereas ILS requires use of a common approach path.

This research has considered runway landing capacity increases obtain-

able when MLS rather than ILS procedures are employed. Conclusions

are as follows.

1. The approach path configuration shown in Fig. 13 is at least

as suitable from a capacity point of view as any other possible

configuration, when only horizontal separation is allowed (see

Section 2.2).

2, The angles of entry, ai , to the extended runway centerline

have a significant effect on landing capacity; they should
i

be optimized (see Section 3.2).

3. When only horizontal separation is allowed and when an air

craft population consists of aircraft with similar approach
^	 t

speeds, MLS procedures (differing final straight approach.
,,

	

	
1

path) do not -produce any improvement in landing capacity,

when compared with capacities obtainable wi.ta ILS procedures

(a common final approach path). (See Section 3.3.)

4. When only horizontal separation is allowed and an aircraft

population consists of aircraft with considerablydiffering

approach speeds, and for mixes of roughly half fast and half

slaw aircraft landing capacity improvements of 10-15% can be
I

expected, when NLS rather than ILS procedures are employed

(see Section 3.2).

5. If both vertical and horizontal separations are allowed during	 '.

the approach phase, depending highly on the aircraft mix and
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the applied minimum vertical separation rules, very significant

improvements in landing capacity, as much as 50%, can be achieved,

when MLS rather than ILS procedures are employed (see Section

5.2). These improvements are due to the vertical, separation.

f
t

c

E.

i
t.

l







P

C_

v



/	
1

a^

.
.
.
.
.
.
.
.
.
.

^
W

^



EdC^

dC

Y

E Entry Gate

T Threshold
y Length of Path UIVI N r-;%Ivlv%ovm

Centerline of Runway

s Min. Separation given by A T C Rules

t ip Threshold Interarrival Time

\j=

S+r _ r S 
+ r^v tFS vs VF 	 S	 S VF

Vi=VF	 Common

	

E--	 trajectory

t 	 I t c 0	 of : t FS	
t

Runway

a. Fast aircraft followed by slow one. Vi >Vj



82

j

d
_ _ 

S V F
E C

VF-VS

^	 dC = Distance from the threshold where the two, aircraft would 'collide"

EdC = Distance from the entry gate where the two aircraft would "collide s
tC = T ime of collision

T

\	 d	 as

1
i	

N\vS F	 v

y ♦̂ 
^ 1► 	 CL

VS
^\^}	 EdC

14
1	 F

dC

{	 I	 ^



s-- 3nm 4nm 5nm

e 18, 240' 24,2320' 30,400'

2.5 796" 1062' 1327'

3.0 955' 1274' 1593

Y 6 nm 7 nm 8 nm

e 36,480' 42,560' 48,640'

2.3 1593' 1858' 2124'

3.0 1912' 2230` 2549'

co
L;







^I-



87



It



i



Figure 13
i

i
w	 ^
CD -^





^	 _...	 ...	 .tip..:..,	 .,^...	

._.,. ._. .	 ....	 ^.,_. .... ....	 _..	 _.._„ ..._._ _.,_	 ^^,.._^. me,,...,^ti^.....^...._._......^._.._^_._..._._,..^......e. .... ..............v ..e.. 	 _.^^_..	 ...,..^....,...

f

i

t^

^:	 a
C	

3

N

















I





p...._ .. ..........

€
102

dSF(t )
Id	 (t) 2dSF(" 3dSF(t)

_ /a

d b
C /

b ^` ^// ^c
dop

0 ^' ^d

i

3s	 tt4= vF F
a.

dSF(t)

IdSOO 	 2dSF(t) 3dSF(t)
o_

lb7

d ;
^c e

_ iit/

b
^+ r afo

' c p 9

t3	 tt42 0	 t6

-• b.

Figures 24a and b



dSF(t)

I dSF(t)	 2dSF(t)
	 3dSF(t)

o:
b

d



r•___-

i.

f

,__.	 , fir«.
	^	 ._ ^ .u:= ,. _... _	 __	 _..







7



108

I

MLS

70
8=2 nm .`S

t VF =150 KTS

vs ='140 KTS

t 60 MLS	 I LS`

rF	 4nm	 6nmQ,

rs	 4 nm	 6 nm 
o
o

o

0,50—
'

MLS
C) A

8 -3 nm LS
c 8
c _
c
Jr a

' 8=3,4,5nm

40

`
I MLS

1 ILS

t	 30
0.20 0.40 0:60 Q80

Proportion of Fast Aircraft in Mix

t Figure -28

i



N
0

,r





11

111

I VI ^ 100 KTS	
A

v2=120 KTS	 ^.
v3=140 KTS 

60— v4=150 KTS	 '

r

S- 2nm

50

0t

CL a

o
40—

3 	 w^/	 ;

II	
40r

CL

o S=3nm	 1

f

CP

_

v 5=3,4,5nm
J 30

:

ILS	 y = 6, 6, 6,6 nm	 p3 = proportion of a/C 'typ• 3
2, 2, 4,4 nm	 p1= p2 and p4 = 0.2

y- 1, 2, 3,4 nm

20
I

0.20	 0.40	 0.60
P3

s;
g'. Figure 31
j

I`t

^^.••^.",^.^-	 .-	 '1	 ^^'7''	 _	 -n:-rmw^w.'a+Fro`Te....nM'̂ .w.F^WM^Ya'^IeSeM^xe1^ '-



112

dl d l d2 a3 d4T

a2
40 -30 ` 10	 -10 39,987

Runway

2

0
40 -30 -10 10 39.887

O

O

_ 40 -3020-10 39.824
^; Q 3

0
_ 0I

40 -30 20 0 39.822

s	 ^f
O 7

` 1

f
ti. ..

EfFr

!f

O

t EI-E	 E3-E4
50-30 -10 10 39.782

L 2nm	 2nm

Figure 32

-w.^ ...._..	 ,h....._	 _..........	 #





^I



115

60
v1 = 100 KTS (80 KTS for steep descent)
V2 =120 KTS
v 3 =140 KTS
v4=150 KTS

Horizontal Separation	 Vertical Separation
MLS	 ILS B - 7.5°2 nm	 6 nm	 •

=B	 3250— Y2 2 n m	 6 nm
Yg 4 nm	 6 nm	 93= 3

Y4 4 nm	 6 nm	 e4 = 3^
X=1000', 1500' or 2000'

}^ b. 8= 36 4,5 nm

-0-	 MLS4i

C

-O

?

t ;̀ 40—
MLS
—

1500'0— -- _- _ _ — - -- 'O"
MLS .,p

--	 MLS20000- —

o
a it

CP
C

C 30— 'ii J

- — — Horizontal and vertical separation
-- Horizontal separation only

p3 = proportion of o/C type 3

-	 p =p2 and p4 = 0.2
20

0.20	 0.40	 0.60
4
}	 , P3

is
t.

Figure 35



116

60
Horizontal Separation 	 Vertical Separation

MLS	 ILS
81
	

7.5
Y, 2nm	 6 n 

82 = 3Y2 2nm	 6 nm

Y3 4nm	 6nm	 83 - 3

Y4 4 nm	 6 nm `	 84 = 3'

X =1000; 1500 or 20pd
50

S= 3nm

c
x =1000' 0- _- 

^O-	 ..^	 MLS_

y MLS
i

c MLS.--O 0-o ^^ -
c MLS

e 40
-- 2000' o-

LS

0a
v

-- — -Horizontal and, vertical separation
C --- Horizontal separation only

30
vl = 100 K TS (80 KTS for steep descent)
v2 = 120 KTS _-;
v3 = 140 KTS
V4 '= 160'KTS

P3 =proportion of o/C typo 
pl = p2 and p4= 0.2

20 0.20	 0.4 0	 0.60
P3

Figure 36

r
^



1

117

MLS-..O
'S =2nm

X =1000 O—	
MLS A

MLS
60 ,^

/A'	 100e

/NLS
000,

1500, Oo,'
ILSQ

i
r

000

a 50 3}
2000 d

F c+. ---Horizontal and vertical separation
--^-- Horizontal separation only

aa :
VI 	 100KTS (80 KTS for steep descent)

} V2 = 120 KTS
'o v3=140KTS
06 = 150 KTS

40
N Horizontal Separation 	 Vertical Separation

MLS	 ILS

J YI 2nm	 6 nm	 91 - 7.50'
`

Y2 , 2 nm	 6 nrn	 82 = 3
Y3 4 nm -	 6 nm	 83 = 30
Y4 4 nm	 6 nm	 84 = 3°

E

t '30— X=1000;1500 or 2000'
d

P3=proportion of a/(C type 3
P1 =p2 and P42 0,2

0.20 0.40	 0.60
t

P3

fl Figure 37

j^

i

t,

r
G A.-





119

8.	 Glossary

Subscripts

i	 - aircraft type.	 This subscript can take numerical values

1, 2, ..., n, where 1 is the aircraft with the lowest

approach speed.	 It can also take values	 F	 or	 S,

denoting fast or slow aircraft in the case of only two

aircraft types in the population.

j ij	 - aircraft pair, consisting of two aircraft landing one

` after the other.	 i	 is the leading aircraft type.; 	 j

is tho trailing aircraft type. 	 j	 can take all values

that	 i takes (see the preceding paragraph). x
A

Capital Letters

t

A

E	 - entry gate, point at which aircraft joins final straight v,

approach path before landing.

Ei	 - entry gate, for aircraft of type i in'the case of multiple

approach paths.

T	 - runway threshold.

G

Small Letter..

d(t)	 - distance between two aircraft measured on a straight, line

einhorizontal plane.	 This distance is a function of time.

d 	 - distance	 d(t), for a pair of consecutively landing air-
ij

craft (i	 is the leading aircraft type and	 j	 is the

trailing aircraft type).

ldi (t)	 - first segment of function	 dij(t).

-2di^(t) second segment of function	 d .	(t).
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3d
ij

(t)	 - third segment of function (4-j(t).

CL	 initial separation between aircraft i and j This isij o
the separation between the two aircraft at time, t 0

(the moment when leading aircraft i reaches the begin-

ning of the common straight approach path), measured

along the path of trailing aircraft.

d	 - initial separation between aircraft i and j computed
ij GM

under the condition that the minimum of function dij{t)

is located as indicated by subscript -m

m = 1

	

	 min dij (t) occurs at the first segment of the

function. jd01 is found from

laij (t)	 Sij
t=ij ti

T
.m 2	 min di ( t) occurs at the second segment of thej

function.

	

	 d	 is found from
J 

02

2d ij fit) `	 *	
Sij

t- ijt2

1

Jim 3	 min d.(t) occurs at the third segment of the

function. ij d03 is found from

d (t)	 = d
3 ij	 ij

t-ijt3

M 4	 min dij (t) occurs at the limit between the first

and second segment of the function. ij 04 is
t

found from

(t)	 = dd	 (t)	 = S..
I ij	 (	 2 ij	 {;	 ij

	

t= t	 t= . t
^	 j 4	 ij -4

y	 ^

F	 :^
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"r

m	 5	 -min dij (t) occurs at the upper limit of the domain

1
of the function for t 	 ij,t5 (i.e., leading air-

craft	 i	 lands)	 j d05	 is found, therefore, from	 1

t

d1J (01
	

=	 8ij
t= ij t5

3
y

p.
i

1

-	 proportion of aircraft type 	 i	 in the population.

p..
i^

-	 probability of the pair	 ij	 aircraft occurring in the

vehicle stream, i.e., aircraft type 	 j	 landing after air-

craft type	 i

t -	 time

Note: -t-= 0 indicates for any pair of consecutively land-

ing aircraft the time when leading aircraft reaches the

first point on the common straight approach path (on the

extended runway centerline).

tij -	 interarrival time at the runway threshold (time separation

over the threshold) between leading aircraft of type 	 i

and trailing aircraft of type	 j,.

at.. -	 time separation over the threshold dictated by the minimum

separation rules in the air.

t	
rtij

-	 time separation over the threshold dictated by the runway

occupancy time.

E	 t
3

-	 expected interarrival time at the threshold.

ij
ti

^
-	 time at which 	 reaches minimum.

ldi.(t)

lj t2 -	 time at which	 2d1
j (t) reaches minimum.

lj t3 -	 time at which	 3dij (t) reaches minimum.

f f
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j=

ijti
	 - time at which	 ldij (t) reaches minimum, computed for

ij do	 ijd01

t 2	-
ij 1

time at which	 d,.(t) reaches minimum, computed for1 id
..

etc. i do	 i d02j	 j
c	 *

3	 -
ijt

.

ti me at which	 3dij(t) reaches minimum, computed for 
f

ijdo = ijd05

in general

k* -i .t time at which	 dij (t) reaches minimum, computed for

ija0 - ijdok

j t4	 - time limit between the first and the second segment

(ld i (t) and	 (t)) of function	 d id (t)j	 2d i j
{

ijt5
	 - time at which first of two aircraft in an aircraft pair}

lands a

ij	 v.i
v;

j t6	 - time limit between the second and the third segment

(2dij (t) and 3dij (t)) of function	 dij (t)

vi 	- approach speed of aircraft of type	 i.

Greek Letters

angle of entry of the aircraft of type 	 i	 to the extended

runway centerline measured relative to that line.	 Positive

anti-clockwise, negative clockwise,

aR	 - relative angle of entry for two aircraft of different types -

s
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aR = Iai - a.I
J

e.g.,

+'	
ax = 

Iar - aFl

i#j

kL

I

R -	 difference in the necessary lengths of straight final

approaches along the extended runway centerline for

fast (F) and slow (S) aircraft

YF	 YS

Y -	 length of the straight common final approach along the

extended runway centerline, for ILS case.

Y.3- -	 necessary length of straight final approach for aircraft

type	 i. <'

Y
ij -	 length of the common straight final approach for aircraft

type	 i	 and type	 j , for MLS case

Ylj	
min(Yi,Yj)

6., -	 minimum horizontal separation between aircraft type	 i13

followed by aircraft type 	 j, required by ATC rules.

6. -	 angle of descent in the final approachof aircraft of

type	 i.
3

runway landing capacity.

u -	 ratio of approach speeds of slow (S) and fast (F) air-

craft,

V S
}^	 =	 1

vF

X -	 minimum vertical separation between two consecutively

landing aircraft. ;
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Notes

1.	 2', 2" and 2"' are exactly the same as 2 but with changed error

indices as follows:

` 2	 2' 211 211'
s

1001	 1005 1013 1020

1002	 1006 1014 1021

1.003	 1007 1015 1022

1004	 1008 1016 1023

2	 See note 1, Appendix A.1, page 136.

3.	 See note 2, Appendix A.1, page 136.

<a

i

a
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:j
k

t	 =04 t6 t- t5 5	 t t 5 tt4=0 t64=	 6 t -0 t4"	 6{	
1021 2122 3112

t -p4"	 t6
1121

t55 t	 t -4 6'0
3011

t g t t	 0 t	 t4--	 5 t
3122: G.	 a

f

is

t4=0 t6 t5 t t4 t6: 0 t5	 t t5 	t'

=t

t.

t

t4_0 t6
122 30 21 3113 ,`

Y

t4=0 t6 t5 t t4=0 t 6 t 5 	t t5 tt¢0 t6
i 23

r
A

31 C 1 31:23
,

t4=0 t6
^{	 2112

t5 t t =0	 t
31

t5 t5 tt	 0	 t
4_I I3,a

1

y

Function	 dSF(t)
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g

s 'All* Sub rotitines

COAS	 cos aS

COAF	 cos aF

`
—COASAF	 Cos (aaF)

;. AMAS	 u 2 _ 2u cos a	 + 1
S

AM"	 p2 — 2p cos aF + 1

AMASAF	 112 — 211 cos (as — rA	 +  1

AMI	 u a

VF	
VF

-

:. VS	 vs

GAMAF	 Yr,

CAMAS	 Y S

BETA	 S ',

IAFAR'	 aF	 in degrees

;. IASAR	 aS , in degrees

DOSF	
dSF 

DOFS	
aoFS

DOSS
4Sa

A

}DOFF-	 FF ^o
^	 sf
r INDUS	 INDEX for	 dFS(t)

F INDXSF	 INDEX for	 dSF(t)

INDXSS	 INDEX for	 dss(t)

INDXFF	 INDEX for	 dFF(t)

zF TSF	 tSF

.
J'.

TFS	 t
FS

4

i-

TSS "	 tSS
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TFF	
tFF

DELTSS	 dSS
t ' DELTFF	 SFF

DE'LTSF	 dSF

DELTFS	 dFS	
-

Subroutine 'SDOSF

DOSFl	 SFd01

=	 ! DOM	 SF 02

DOSF3	 SF 03

DOSF4	 SFF	 4t lac
V1Sl	 SFtl

V2S1	 SFtl

'.
s

US1	 SF I
V4S1	 SFtl

V1S2	 SF t2
:. 2

V2S2 SF-2

"
t,

V3S2	 SF 2
3*

t,
DV2S1	 d	 (	 t2*)1SFSF1

DV3S1	 d	 (	 t
3*

DV1S2	 2dSF(SFt2')

DV3S2	 d	 (	 t3)2SFSF2
f

DV1S3	 d	 {	 t *)3SFSF3k

s DV2S3	 3dSF (SF t3)
1.,

f	 i

Subroutines have names of variables which they compute with letter- S
as the first letter, e.g.,,	 SDOSF	 is subroutine which computes DOSF.

a;

C	 jt



4

r

}

1,54

Di d	 (	 t4' )
3SFSF3

DOD03 2dSF(0)	 computed using	 SF403.

' Subroutine 'DOFS

DOFS1 FS 01

DOF52 FS 02

DOFS4 FS 04

DOFS5 dFS 05 i

T1S1

.tip

FS

T2S1
2*

FS t1

T4SI Fstl

T5Sl Fstl

T1S2 FS t2*

T2S2 Fs t2

T4S2 FS t2

DT2S1 1dFSFSt1)

DT5S1 (tl*)1dFS FS

DT1S2 d	 (	 tl)
2FSFS2

CAPS T

DOOSF (matrix)
SFda 3

DOOFS
r.

FSd	 (matrix) a

r	 DOOSS d	 (vector)
SS ,o

DOOFF d	 -(vector)
FF^o

INXSF INDEX for	 dSF(t)

K	 INXFS INDEX for	 dFS(t)

INXSS INDEX for	 dS (t)

INXFF INDEX for	 dF,(t)

^t
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@,:.^

4 CAP3	 (Similar is for CAP4)

VKT vi approach speed in knots (vector)

GAMA Yi (vector)

P pi (vector)

z PP (matrix)
J

G•	 .r- DELTA S..	 (matrix)
-J

TT matrix)(matrix)t(

IALFl al

IALF2 a2 values producing optimal	 N 'configurations

IALF3 a3

CAPAC optimal- N	 capacities

CAPMIN the lowest	 N	 capacities

r IALFMl al

;- IALFM2
a2

values producing the lowest	 N	 capacities	 i

r IALFM3 a3

r'

<

r
L





SUBROUTINE SDOSF
DIMENSION DELTA(5'15') k

COMMON /SSFFS/
1 COAS t COAF, COASAF, AMAS, AMAF ? AM'ASAF t A,'Vil pVF I GAMAS I GAMAF*BETAIDELTAI
2I AFAR I I ASAR, DOSr= t DOFS,DOSS,DOFF t INDXSF, I NDXFS t INDXSS t INDXFFt
3TSFj TfFS t TSS-t TFF
4,DELTSS DELTFFID'ELTSFIDELTFS
COMMON /SF/

2DOSF`1,DOSF2,DOSF31DOSF41V1S1,V2S1,V3S1,V4S1tV1S2,V'2S2tV3S21
3DV2S,I t DV3SI tDV1321OV3S2tDV1S3,DV2S3,DV4S3,DOD03
_CALL SDOSF3
PT1 2'= (D0SF3 -HETA )/V
IF	 (PT12)	 700,700,100

100 CONTINUE
CALL SV3S2
IF	 (V3S2-PT 12)	 200, 2.00, 105

105 CONTINUE
CALL SV3S1,
IF	 (V3S1)	 115,115,110

110 CONTINUF
INDXSF=3111
D OSF=DOSF3 `?
GO TO 995

115 CONTINUE
CALL SDV351
IF	 (DV3S1-0ELTSF) 	 12.5 ? 1 25, 120

120 CONTINUE
INDXSF=3121
DOSF=DOSF3
GO TO 995

125' CONTINUE
CALL SDOSFI'
CALL SV1S1
IF	 (V1S1)	 135,135,130

130 CONTINUE
' INDXSF=i.

DOSE=O.
r GO TO 995

135 CONTINUE
CALL SV1S2
PT12=(DOSFI-BETA)/VF

F

140
IF	 (V1S2-PT12)	 155,155,140
CONTINUE
CALL SDV1S3
IF	 ('DV 1 S3-DELTSF)	 150,150,145 

145 CONTINUE >-'
t INDXSF=1121 v	 y

DOSF=DOSF1
t



LUf14 1 1114 UG

IF (V152) 185,1851160
160 CONTINUE

CALL SDV1S2
IF (nV 132-+JELTSF) 1 80 1 1 30 1 1.65

165, CONTINUE
CALL SDV1S3
IF (DV1S3- DELTSF) 175, 175, 170

170 CONTINUE
I NDXSF= 1122

t

	

	 DOSF=DOSF1
GO TO 995

175 CONTINUE
INDXSF=3
DOSF=O.
GO TO 995

1 X30 CONTINUE
IN'DXSF=4
DOSE=O.
GO TO 995

185 CONTINUE
INDXSF=50
DOSE=O.
GO TO 995

2.00 CONTINUE
IF (V3S2) '40094009203

203 CONTIINUE
CALL SDV3S2
IF (DV3S2-DELTSF) 300x3001205

205 CONTINUE
CALL SV3S1
IF (V3S1).215 215,,21p

210 CONTINUE
I ND X SF= 31`12
DOSE=DOSF3_
GO TO 995

215 CONTINUE-
CALL SUV3S1.
IF (DV3S1 DELTSF) 1251125,22

220 CONTINUA
I`NDXS'F=3122
DOSF='DOSE 3	 n
GO TO 995	 00



300 CONTINUE
CALL SDOSF2
CALL SV2S2i PT12=(DOSF2—BETA)/VF
IF	 (V2S2—PT12),310r3101305

30,5 CONTINUE
INDXSF=9

^a DOSF=O.
GU TO 995

310 CnNTINU
IF (V2S2)	 315,315,320

315 CONTINUE
j INDXSF-10
€ DOSF=O.

GO TO 995
' 320_ CONTINUE

M CALL SV2S1
IF 	 (V2S:1)	 340,340r3254 325 CONTINUE
CALL SDV2S3
IF (DV'2S3 —DELTSF) 33513351330

' 330 CONTINUE
i INDXSF=2112

DOSF=DOSF2
GO' TO 995	 i335 CONTINUE
INDXSF=21
DOSF=O	

iGO TO 995
340 CONTINUE

CALL 5DV2S1
' IF (DVZS1 —DELTSF)' 360t36Ot345

345 CONTINUE
CALL SDV2S3_
IF	 (DV2S3—DELTSF) 35513551350

350' CONTINUE
INDXSF=2122
DOSF=DOSF2
GO- TO 995

35:5 CONTINUE
INDXSF=12	 j

DOSE=D•-
GO TO ,995

360 CONTINUE
GO TO 125

400 CONTINUE- ;
CALL SV3S2	

~IF (V3S1)	 600 1 600 9 405	 Ln

p

-.	 • ,• +:-b%	 rYw H	 x.e.'K i	 ...d	 .:x:::	 ..	 .. A.	 '39:F"..	 dae k6&	 -
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405 CONTINUE
CALL SDO003
IF (DOD03-DELTSF)	 415,415,410

1

410 CONTINUE
INDXSF_3113
DJSF=DOSF3
GO TO 995

415 CONTINUEt. CALL SDOSF2
! CALL SV2S2

PT12=(DOSF2-SETA)/VF
IF	 (V-2S2-PT12)	 42574251420f

420 CONTINUE
I NDX SF=17
OOSF=O.
GO TO 1995

425 CONTINUE
f IF	 (V2S2)	 500,500,320

500 CONTINUE
CALL SDOSFI
CALL' SV1S1
IF	 (V'1 S 1)	 540,540,505

505 CONTINUE
CALL SDOSF4

' CALL SV4S1
IF (V4S1)	 510,51,01515

510 CONTINUE
INDXSF=24
DOSF=O,
GO TO ,995

515 CONTINUE .^.^
IF (V4S 1)	 525, 5251 52Q

520 CONTINUE
INDXSF=25,

f DOSF=0.
GO TO 995

525 CONTINUE.__
CALL SDV4S3
IF (DV4S3-DELTSF) 530 V 530,535 --

530 CONTINUE
k 1 ND XSF=26.

OOSF=O.
F' GO TO 995

535 CONTINUE
INDXSF=4113
DOSF =DOSF4 F-+
GC TO 995 o

r
540 CONTINUE



CALL SV1S2 1

PT1.2=(DOSFI-3ETA$/VF
IF (VIS2—PT12) 560,560?144^

s	
560 CONTINUE

IF (V1S2)	 570♦ 570, 160,
570 C ONTINUE 

INDXSF=1123
DOSE=DOSF1

i GO TO 9.95
600 CONTINUE

CALL SDV3S1
f IF d DV3S1—DELTSF) 610-161 0 605

-	 605 CONTINUE
INDXSF=3123
DOSF=DOSF3

4 GO TO 995
610 CONTINUE

CALL SDOSFI
CALL SV1S1

' IF;(V1S1)	 620t620t615
615 CONTINUE

` I NDXSF=30r
DOSF=C.
GO TO 995

620 CONTINUE
CALL SV1S2
IF (VIS2)	 625,625.640'

62 CONTINUE
CALL SDV1S3

f IF (DV1S3—DELTSF) 6351635,630
630 CONTINUE

INDXSF=1123
DOSF=DOSF 1
_GO TO 995

635 CONTINUE 
I NDX SF =31 f
DOSF=O.
GO TO 995

640 CONTINUE
PT12=(DOSFI-BETA)/VF
IF	 (V1S2--PT12)	 6501650,645

645 CONTINUE	
_.

i NDXS.==32
DOSF=O. 3

GO TO 995
650 CONTINUE ON

CALL SDOSF2 -4
CALL SV2S2

hi	 --	
..

•^k * +i}^*k 'SR:A,+L'4°lte^MY1WEliIY!}!. 	 Rh"^J+IF`}'a34'a•SWt'.B,n
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_ 	
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IF (V2S2)	 655l655t660
655 CONTINUE

INDXSF=33
DOSF=O.
GO TO 995

660 'CONTINUE" PT12=(DOSF2-8'ETA)'/VF
IF (V2S2-PT12)	 670*670?665

665 CONTINUE
INDXSF=34

GO TO 995
670 CONTINUE

CALL SV2SI-;	 IF	 (V2S1)	 6801680675'
675 CONTINUE

INDXSF=35
DOSF=O•
CEO TO 995

680 `'CONTINUE
CALL SDV2S1
IF (DV2S1-DELTSF)	 685,685,6'90

685 CONTINUE
INDXSF=35
DOSF=G.
GO TO 995

P	 690 CONTINUE
CALL SDV2S3
IF (DV2S3-DELTSF) 69316931696

693 CONTINUE
I NDXSF=37
DOSF=O.

;'-	 GO	 TO	 995
696 CONTINUE

INDXSF=2122
DO'SF=DOSE= 2
GO T06995

700 CONTINUE
CALL SV3S1
PT12=(DOSF3-SETA)/VF-
I'F	 (V3S -PT12)	 710, 710, 705

705 CONTINUE
INDXSF=3'011
DOSE=DOSF3

wG3 TO 995
710 CONTINUE	 N

CALL SDV3Si	 N

i
I	 IF	 (DV3S1-DEL.TSF)	 720,7209715	 1

`	 ii^4%^+"kY.'3.4	 ahaunaYYtzaa	 iewtm	 «t .̂.w	 t,s„r.e1iM n	 x	 ^<



if

715 CONTINUc
INDXSF=3021
DOSE=DOSF3
GO TO 995

720 CONTINUE
CALL SDOSFI
'x12=(DOSF1-BETA)/VF
IF (PT12);7259725,800

725 -CONTINUE	 --
' INDXSF=1021

DOSF=DOSFi
GO TO 995

800 CONTINUE
C;ALL S V 1 S 1
IF	 (v1S1) 810,810tsos

805 CONTINUE
I NDXSF=38 _
DOSE=O.
GO TC 995

810 CONTINUE
CALL SV1S2 Y„

IF (V1S2)	 815,815,820
815 CONTINUE

INDXSF=11-23
. DOSF= DO SF 1

GO TO 995
820 CONTINUE

FT12=(DOSF1-$ETA)/VF
IF	 (VIS2-PT12)	 830t830?825

B25 CONTINUE
INDXSF=1121
DOSF=DOSF1
GO TO 995

830 CONTINUE 
.'CALL SDVIS2

IF	 (DV1S2-DELTSF)	 840,8401835	 =



k

850 CONTINUE
PT1'2=- (OOSF2-SETA) /VF
IF (V252—PT12) 8601850v855

855 CONTINUE
INDXSF=40
DOSF=Q.
GO TO 995

850 CONTINUE
INDXSF=2122
DOSE =DCSF2,.
GO TO 995

995 CONTINUE	
x

RETURN
ENO	 F

SUBROUTINE SDOSFI'
DIMENSION DELTA(515)
COMMON /SSFFS/	 3
ICOAS,COAT!COASAF^AMASlAMAF?AMASAFIAM I,,VF *GAMASIGAMAFIBETAIDELTAI

4	 21AFAR,IASARTDOSF,DOFS,DOSStDOFFsINDXSF,INDXFSIINDXSS91NDXFFy
3T SF,TFS,TSSIT(F
4,DELTSS,DELTFF,DELTSF,DELTFS

COMMON /Sr=r	
2DOSF 1 , DOSF2 , DOSF3 , DOSF4 , Vl S 1 , V'2S 1 , V3S 1 l V4S 1 T V 1 S2, V2S2, V 3S2,	 — --

G ,,	 3DV2S1 ,DV3S1 ,DV1S2,DV3S2,DV.S3*DV2S3,DV4S3,DUD03
ASF l= 1 . — (1 . — AM I*COASAF) **2. /AMASAF
SSF1= 2.*BETA*(1.—COAF+(AM'I*COASAF—;.)*tl.—COAF—AMI

l(COASAF-COAS))/AMASAF)
CISTI=BETA**2.*(2.4(1# — COAF) (1.—COAF—AMI*(CO'ASAF—COAS))**2/
1AMASAF)
CSF1=CISF1-D !ELTSF**2	 -
DETSFl BSFl**2-4.*ASF?.*CSFI
IF (DETSF ) lCi20r30

10 CONTINUE
PRI NT 100gIASAR,IAFAR,DETSFI

100 FORMAT (//,*.SUBROUTINE SUOSFI,'DETERMINANT NEGATIVE *1 3X,	 }
1*ALFAS	 *, I3,3Xv*DETSFI -=*,F10.5/) 	 s
GO TO a0'

20 CONTINUE	 ^--
DOSF 1 '— BSF1/('2 * *ASF1 )
GO TO 40

30 CONTINUE
DOISFI=(—BSF1—'SORT(DET5F1))/(2*ASF1)
002SF 1= (-BSF1 +SQRT(DETSF 1)) /(2.*'ASFI )
DOSF1=DO2SF1

40 CONTINUE
RETURN
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END

)SUBROUTINE SDOSF2
DIMENSION DELTA(5.5)

£	 COMMON /SSFFS/
ICOAS,COAF1COASAF,ALIASIAMAFtAMASAFIAMI•VFIGAMAS•GAMAFIBETA•DELTA9

'	 2i AFARIIASAR,DGSF,DOFS,DOSS,DOFF,INDXSF,INDXFS,INDXSSIINDXFF,
3TSF, TFS, TSS,TFF
4,DELTSS,DELTFF,DELTSFjDELTFS

COMMON /SF/
2DOSF2',DOSF2,DOSF3,DOSF4, VLSI,V2Si ,V3S1,V4S1,V1S2,V2S2,V3S2v
:3DV2S1 ♦ DV3Si, DV 1S2,DV3S2,DVIS3,DV2S3?DV4S3,DOD03

ASF2= 1'.-'(I	 -AMI*C'UAF)': '2./AMAF
SSr2=-2. ,̀ BETA*(1. —COAF-(1.-AMI*COAF)*(1. —aCOAF ) # (1	 +AMI)/AM'AF1
CISF2=BETA"*2 -(2.%t(2.—COAF)—(1.—CO.AF )* 2.*f I.+AMI )= *2./AMAF)
CSF2=C1SF2-DELTSF**2 .—
DETSF2=BSF2**2--4.*ASF2*--SF2
IF	 (DETSF 2)	 10120,30

10 CONTINUE
PRINT	 100,IASAR i IAFAR,DF_TSF2

100 FORMAT	 (/?, y'SU8ROUTINE SDOSF2,DF_TERMINANT 	 NEGATIYE *t3X,
1&ALFAS =*113,3X,*ALFAF =#,,13,3X,*DETSF2 =*?Fi4.5/)
GU TO 40

20 CONTINUE
UUSF2=—BSF2/(2.*ASF2)
GO TO 40

30 CONTINUE
DOISF2=(—BSF2-SORT(DETSF2))/(29*ASF2)
D02SF2=(-RSF'2+SQRT(DETSF2))/(2**ASF2)
DOSF2=D02SF?_

40 CONTINUE
RETURN
END

k	 SUBROUTINE SDOSF3
DIMENSION DELTA(515)'
COMMON /SSFFS/ s_
1COAS,COAF,'COASAF,AMAS,AMAF,AMASAF,AMI,VF•GAMAS,GAMAF,BETA,DELTA,
21 AFAR, I ASAR, DO'SF, DOFS, DOSS * DOFF, I ND XSF, I NDXFS, I NDXSS, I NDXFF ,
3TSF,TFS,TSS,TFF
4,DELTSS,DELTFF,DELTSF,DELTFS
COMMON /SF/
2DOSF1 DOSF2 DOSF3 DOSF4 V1S1 V2S1 V3S1 V4S1 V1S2 V2S2 V3S2
3DV2SI ,DV3S1,DV 1S2,DV3S2,DV1S3,DV2S3#DV4S3,DOD03

DGSF3=DELTSF+(1 .-AM I)',GAMAS/AM i a
P,ETURN

t,
4

to 	
1i

a

..	 a^^' ^^•a:5k+^.s+^^»a^:•r&iP^u.c,ar: .r 	 .• :^143e»'Eu,n. :MN.uCIf:P+MU3?!+gr 	
. ':.
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END

SUBROUTINE SDOS74
DIMENSION DELTA(515)
COMMON /SSFFS/

ICOAS,COAF I COASAF,AMAS^AMAF I AMASAFtA.%IIIVFvGAMAS,GA.MAFIBETAIDELTAt
' 2IAFARIIASARIDOSF,DOFS,DOSSIDOFFIINDXSF,I'NDXFSIINDXSSIINDXFF,

3TSFITFS,TSStTFF'
4, DELTSS I D ELTFF I DELTSF I DELTFS
COMMON /SF/

2DO5F1^DOSF2^DOSF3^DOSi=4,V1S1,V2S1iPV3SIIV4S19V1S2yV2S2tV3S2t
3	 2SIlD 3S1^DV1.S2.,DV3S2',DV1S3^DV2S3tDV4S39D0DO3

ASF4= 1k BSF4=-2.*DETA*(l o—LOAF)
C iSF4=2. *BETA**2.*(1.--COAF

` CSF4=C'ISF4-DELTSF**2
DET SF 4=B SF 4 !'1'*2-4 . * A SF4 * C SF'4
IF— (DETSF4)	 10,20,30

10 CONTINUE
PRINT 100,IASAR,IAFAR,DETSF4

100 FORMAT 1//I*SUBROUTINE SDOSF4,DETERMINANT 	 NEGATIVE # ♦3 Xq
1''-ALFAS =:^, I3,3X,*ALFAF =^c 1 [3,3X,*DETSF4 =*vF10.5/)
GO TO 40

20 CONTINUE
l' DOSF4=—ESF4/ ( 2.Yc ASF4 )
I GO TO 40

30 CONTINUE
( DOISF4=(—BSF4—SQRT(DETSF4))/(2.*ASF4)
` 002SF4=(—B SF4+SQRT(DETSF4))/(2.*ASF4)

DOSF4=DO2SF4
40 CONTINUE

RETURN
END

SUBROUTINE SVIS1
DIMENSION DELTA(5t5)
COMMON-/SSFFS/
ICOASICOAFiCOASAF,AMAS,AMAFIAMASAFgAMIVVFIGAMASIGAMAFtSETAIDELTAI
2 I A'F AR , I ASAR I DO SF , DOFS , D OSS , DOFF' I I NDXSF I I NDXFS I I NDXSS t I NDXFF,
3TSFITFStTSStTFF
4 , D€LTSS , DELTFF, DELT'SF s DELTFS

COMMON /SF/
2DOSr1,DOSF2tDOSF3,DOSF4vViSi,V2S1,V3Sl,V4SI,VIS2,V2S2,V3S2
3DV2S1 ,DV3S1 t DV1S2 ,DV3S21DV1 S3 1 DV2S3,DV4S3,00003
V3Si=—(DUSF1*(AMI*COASAF-1•)+SETA*(I.-LOAF-AM1*(COASAF—COAS)))
1/(AMASAF*VF1

a



j	 RETURN
_	 END

SUBROUTINE SV2S1,
DIMENSION DELTA(515)
COMMON /SSFFS/

1 COA'S, COAF^ COASAF, AMAS , AMAF , A;ytASAF , AM I , VF t GAMASI GAMAF, BETA , DELTA
2 I AFAR , I AS AR , GOSF , DOF S, DOSS , DOFF, I NDXSF, I NDXFS, I NDXSS,`I N DXFF,
3TSF, TFS, TSS,TFF '-
4,DELTSS,DELTFF,DELTSF,DELTFS

COMMON /SF/
2DO SFI,DOSF2,DOSF3,DOSF4,ViS1,V2S1,V3S1,V4SI lV1S2,V2S2,V3S2,
3DV2S1,DV3SIlDVIS2,DV3S2,DVIS3,DV2S3,DV453,00D03

V2S1=-(DOSF2 >e'(AM.I*COASAF-1.)+3ETA?s (1.—LOAF—AME*(CO'ASAF-COAS)))
1/ (AMASAF*VF)
RETURN'
END

SUBROUTINE SV3S1
DIMENSION DELTA(5,5)
COMMON /SSFFS/

I COAS, LOAF, COASAF, AMA S, AMAF, AMASAF, Ai N? 1 , VF, GAMAS, GAMAF, BETA,DEL'TA,
2 I AF AR, I AS AR, DOSE, DOES, D OSS , DOFF , I NDXSF', I NDXFS, I NDXSS ,, I NOXFF,
3TSF,TFS,TSS,TFF

4,DELTSS,DELTFFIDELT'SF,DELTFS
COMMON /SF/
2DOSFI,DGSF2,DOSF3,DOSF4,ViSi9V2SI+V3S1,V4S1iViS2,V2S2,V3S2I
3DV2'SI,DV3SI,DVIS2,DV3S2,DV1S3,DV2S3,DV4S3,DUD03
V3S1=—(DOSF3^c(AMI*COASAF-1.)+BETAS:(I*—COAF—AMI*(COASAF—COAS)))

d/( AMASAFS=VF')
RETURN
END

SUBROUTINE SV4SI
f	 DIMENSION DELTA(a,5)

COMMON /SSFFS/
1COAS,COAF,COASAF,AMAS,AMAF,AMASAF,AMI,VF,GAMAS,GAMAF,SETA,DEL.TAt
2IAr=AR,IASAR,DOSF,DOFS,DOSS,DOFF,INDXSF,INDXFS,INDXSS,INDXFF,
3TSF,TFS,TSS,TFF
4, DELTSS,, DF_LTFF , DELTSF, DE€.TFS
COMMON /SF/

2DOSF I,DGSF2,DOSF3,DOSF4, V1S1,V2SI VV3SI,V4S1,V1S2,V2S2,V3S2, J
3DV2S1,DV3SI,DViS2,DV3S2,DVIS3,DV2S3,DV4S3,00D03

V4S 1= — (DOSF4* (AM I^ACOASAF-1 .) +SETA* (1 . — COAF— AM I* (COASAF — C©AS)) )
1 / (AMASAF* VF )'

i	 44	 _ . a Rr	 >_ z	 >	 ^ , rr^,wr.



SUBROUTINE SV1S2
DIMENSION DELTA(StS)
COMMON /SSFFS/
1COA'SICOAFtCCASAFIAMAS,AMAFIAMASAF1AMIIVFtGAMASIGAaMAF1BETAIDELTAI
21AFARtIASARlDOSFIDOFStDOSS,DOFF,INDXSFIINDXFS?INDXSSIINDXFFI
3TSFVTFSITSSITFF_
4 t DELTSS DELTFFtDELTSF,DELTFS

COMMON /SF/
2DOSFItDOSF2tDOSF3fDOSF41VIS1IV2S1tV3SI9V4SitV1S2tV2S2tV3S2t
3DV2S1 ,DV3SI l D V I S2 vDV3S2I DV 1`S3, DV2S3,DV4S3,DOr#03

V3S2=(DOSF.1*(:.-Af-.I*COAT')-BETA*(1 -COAF)*(1.+.A'1I))/(AMAF*VF)
RETURN

w	 END

SUBROUTINE SV2S2
DIMENSION DELTA(5t5)
COMMON /SSFFS/

I COAS t CDAF t COA SAF , AM AS , AMAF , AMASAF, AM I IVFIt GAMAS, GAMA'F,BETA t DELTA o
2IAFAR,,IASAR,DOSF,DOFS,DOSS,DOFFIINDXSF',INDXFS,INDX'SS,INDXFFI
3TSF TFS,'TSStTFF
4,OELTSS,0ELTFFtDELTSFtDELTFS

COMMON /SF/
2DOSFI,DOSF2tDOSF3 t DOSF4 ,VIS1 ,V2S1 t V3S1 t V4S1 ♦ V1S2lV2S2tV3S2^
3DV2SI DV3SItDV1S2tDV3S29DV'LS3-,DV2S3tDV4S3,DODU3
V2S2=(DOSF2*(1 --AMI*CUAF) BETA*(I COAT)*(I.+AMI))/(AMAF#VF)
RETURN
END

SUBROUTINE SV3S2
DIMENSION DELTA(5t5)
COMMON /SSFFS/
ICOAStCOAFtCOASAFtAMAStAMAFtAMASAFtAMItVFtGAMAStGAMAFtBETAtDEL'TAt

k	
2IAFAR.tIASAR,DOSFtDDFStDOSStDOFFtINDXSFtINDXFSIINDXSStINDXFFt
3TSFtTFS,TSSTFF
4 t DELTSStDELTFFtDELTSFtDELTFS
COMMON /SF/

2D0'SF1tDOSF2,DOSF3'tDOSF4tV1S1tV2SI,V3S1lV4S1,VIS2,V2S2lV3S2,
4!	 3DV2'S1taV3SIYDVIS2;DV3S2tDVIS3,DV2S3tDV4S31DOD03

V3S2=(DOSF3*(i.—AMI*CIIAF)—BETA*(1.-COAF)*(_i+AMI))/(AMAF#VF)
RETURN
ENDE

F,.

Nrn
00
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SUBROUTINE SDV2S1
DIMENSION DELTA(5t5):-

	

	 COMMON /SSFFS/
1COASICOAFtCOASAFIAMAStA.MAFtAMASAFtAMIlVFtGAMAStGAMAFtBETAIDELTAt
21AFAR,IASARinC)SFtDOFS,DO-SSIDGFFtINDXSFIINDXFSIINDXSSIINDXFFI
3TSF ITFS,TSSITFF
41DE LTSS?DiLTFF,DELTSF1O-ELTFS
COMMON /SF/
2DOSFItDOSF21DGSF390CSF4tViS1IV2SLtV3SIIV4S1tVIS2tV2S21V3S29
3DV231 tDV3S1,tDV1S2 t D;V3S21DV1 S3SOV2S3,D'V4S3tDOD03
ASF1=1 .-(1 A,ti"I'-COASAF)**2./AMASAF
RSFi=-20*BETAk(1. LOAF+(AMI*COASAF-1.)*(1.-LOAF-AMI*'
1(COASAF—COAS))/AMASAF)
CISFI=BETA*u2.*(29*(1. — COAF) — (1. LOAF—AMI*(COASAF—COAS))**21

1AMASAF)
A=DOSF,2**2*ASFI+DOSF2*SSFI+CISF1
IF (A) 10,20,20

10 CONTINUE
PRINT 100tIASARtIAFAR,A

100 FORMAT (//,*SUBROUT'INE SOV2S:i t SQ. RUCTE ARGUMENT NEGATIVE #t3Xt
1*ALFAS-=*, I3 t 3X T '',c ALFAF =*, I3j3X t *SQRT.ARG. =* t F10 5/)
GO TO 4C

20 CONTINUE
DV2SI=SQRT(A)

40 CONTINUE
RETURN
END

SUBROUTINE SDV3S1
DIMENSION DELTA(5,5)
COMMON /SSFF'S/

1COAStCOAFtCOASAFtAMAStAMAFtAMASAFtAMItVFtGAMAStGA,MAFIBETAtDELTAI
21 AFAR t I ASAR t DOSF,, DOES ,DOSS t (DOFF, I NDXS'F t I NDXFS., I NDXSS , 3 ND XFF ,
3TSF t TFS, TSSI TFF
4 t DELTSStDELTFFtDELTSFtDELTFS

w	
COMMON /SF/

2DOSF i t DOSF2 t DOSF3 t DOSF4 t V1 S1 t V2S I t V3S1 t V4SI t Vi S2v V2S2 t V3S2t
3DV2S1 t DV3S1 ^DViS2tDV3S2 t DV1 S3tDV2S3tDV4S3tDOD03

ASF1= 1. — (I . AMI*COASAF) Xtr2./AMASAF
I3SFL=-2.*t3ETA'^(1 . — COAF+(AMI*Ci]ASAF-1.) #{ 1.-LOAF=AMID

F	 1 (COASAF-COAS) )./AMASAF
4

	

	 CISF1=BETA'k*2.'*(2**(I.-COAF)--(1+ LOAF-AMI*(COASAF-COAS))**2/ 	 !
IAMASAF}
A=DOSF3**2. *ASFI+DOSF3*BSFI+CISFL rnIF (A) 10#20,20

10 CONTINUE z

a

•
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PRINT 100 ,IASAR,IAFAR,A
100 FORMAT (//,*SU6R0UTINE S0V3S1,SQ. ROUTE ARGUMENT NEGATIVE *73X,

i l,ALFAS = 3k, '3t3X T =.AL,=AF =*jI 3,3X j *SQR'4'.ARG. =*,F10.5/)
GO TO 40

20 CONTINUE
DV3SI=SQRT(A)

40 CONTINUA
RETURN
END

SUBROUTINE St?V1S2
DIMENSION DELTA(5,S)
COMMON -/SSFFS/
1COAS,LOAF,COASAF,AMAS,AMAF,AMASAF',AMI ,VF,GAMAS,GAMAFTBETA,DELTAt
21AFA'R,LASAR,DOSF,DQ,-SfDOSSIDOFF,INDXSF,INDXFS,INDXSS'INDXFF,
3TSF, TFS TSS,TFF
4, DELTSS,DELTFF, DEL.TSF, DEL TF'S

COMMON /SF/
2DOSFi,DO.SF2,DOS,F31DDSF4,V1S1,V2S1,V3S1,V4S1,V1S2,V2S2,V3S2 ♦
3DV251,DV3SIlOV13'2,DV3S27-DV1531DV2S3,DV4S3,DOD03

ASF2=1 —(1.—A,,,ili=COAF)**2./Ati1AF
BSF2=--2.*BETA*t 2. — COAF — (1 .--AMI*CJ,\F)*(1.—LOAF)*(I.+AMI)/AMAF)
C1SF2=:SETA*-F2.*(2.*(I. — CDAF) — (1 COAF)**Z.;c(I.+AMI)**2./AMAF)
A=DOSFI*-2.XcASF2+DOSFI*BSF2+CISF1
IF (A) 10,20,20

10 CONTINUE
PRINT 100, IASAR, IAFAR,A

100 FORMAT (//,*SUBROUTINE SDV1S2,SQ. ROUTE ARGUMENT NEGATIVE '*13X,
X*ALFAS'-  *,I3?3X,*P.LFAF =* j I3f3X,4cSQRT.ARG. =*,F1Q'.5/)
GO TO 40

20 CONTINUE
DVIS2=SQRT(A)	 I40 CONTINUE	 I
RETURN
END

J
SUBROUTINE 'SDV3S2
DIMENSION DELTA{595)
COMMON /SSFFS/

1COAS,COAF,COASAF,AMAS,AMAF,AMASAFIA 1^t VF,GA?iAS,GA•'MAF,SETA,DELTA,
2IAFAR,IASAR,DOSF,DDFS,DOSS,DOFF,IN XSF,INDXFS,INDXSS,INDXFF,
3TSF,TFSTTSS,TFF
4,DEL.TSStDELTFF,DELTSF,DELTFS

COMMON /SF/
2DOS .=l t DO SF2,OOSF3,DOSF4, V1S? ,V2S1 ♦ V3SI ,V4 .S1,V1S2,V2S2,V3S2, 	 o
3OV2S1,DV3SIlDViS2,DV3S2,DV1S3,DV2S3,DV4S3'1DOD03

haw
1 t
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ASF2=1 .- (I .-AMI 'LOAF)**2./AMAF
GSr2=-2.'kBETA*(I.-COAF—(1 •-AMI*COAF)*(1.—COAF)*(I.+AMI)/AiMAF)
CISF2=bETA^:=?k2.^^t2.#t 1 .-LOAF3 — t 1 — CDAF) =kn<2.^= L 1.+AMI)'^x=2./AiytAF)
A=DOSF3 ^—'2.*ASF2+DOSF3*BSF2+CISF2
IF	 (A)	 L0,20120

10 CONTINUE
PRINT	 100,IASAR, IAFAR,r1

104 FORMAT (//, 	 SDV3S2,SQ. ROUTE ARGUMENT NEGATIVE *13X,
I*ALFAS =*,I3,3X,*ALFAF =*,I3,3X ? *SQ,RT.ARG. =*,FIO.S/)
GO TO 40

24 'CONTINUE
DV3S2=S;)RT'.A?

4C CONTINUE
RETURNEND

SUBROUTINE SDVIS3
DIMENSION DELTA(5,S)
COMMON /SSFFS/
1COAS,COAFtCOASAF,AMAS,AMAF,AMASAFfAMI,VF,GAMAS,GAMAF,BETA,DELTA,
21'AFARTIASAR,DOSF,DOFS,DOSS,DOrF,INDXSF,INDXFS,INDXSS,INDXFF,
3TSF, TF S, TSS, TFF
4, DELTSS, DELTFF, DEL.TSF, DELTFS

E -COMMTON /'SF/
2DOSFI,DOSF2,DOSF3,DOSF4,V1Sl,V2Sl,V3SIIV4SIvVIS2,V2S2lV3S2,
3DV2SI.DV3SI ,DV1S2,DV3S2,DVIS3tDV2S3,DV4S3,DOD03

DVIS3=BETA+(DCSF1-BETA);= AM' — VF#( 1 . — AM1,) *(CAMAS/(AMI*VF)—
1(DOSF1—BETA)/VF)
RETURN
END

SUBROUTINE SDV2S3
DIMENSI ON DELTA(5 ?5)t COMMON /SSFFS/ j

1 COAS CGAF, COASAF, AMAS , AMAFI AMASAF,AM I I VF, GAMAS * GAMAF,BETA, DELTA,
2IAFAR IASAR DOSF DQFS DOSS DOFF INDXSF INDXFS INDXSS INDXFFf	 x	 r	 Y	 t	 t	 s	 ^	 ^	 ,

3TSF,TFS,TSS,TFF ^--
4, DELTSS,D=LTFF,DELTSFiDELTFS

COMMON /SF/
f 2DOSFI,DOSF2,DOSF3,DOSF49V1S1,V2SIIV3SI,V4S1,V1S2,V2S2,V3S2,

3DV2S1,DV351,DV1S2,DV3S2,DV1S3,DV2S3,DV4S3,DOD03
DV2S3=BETA+(DOSF2-BETA) *AM I —VF* (1 .=AM I ):*( GAMAS/( AMI" VF) —

I I {DOSF2—BETA)/VF)
RETURN F,	 k	 J

t
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SUBROUTINE SDV4S3'
DIMENSION DELTA(5tS)
COMh'ON /SSFFS/

j

	

	 1COAStCOAFtCOASAFtA M ASIA'M AFtA M ASAFIAMItVFIGAMASgGAMAFIBETAIDELTAP
21 AFAR t I A S AR; t DOSF I DOF S I D OSS t DOFF * I NDY,SF I I'NDXFS F I NDXSS, LNDXFF I
3TSFITFS,TSStTFF
4 , DELTSS t D ELTFF—t DELTSF , DELT FS

COMMON /SFl
{	 2DOSF I y DOSF2'y DOSF3 t DOSF ,'^ t VI S 1 t VLS 1 , V3S 1, V4SI t V IS2, V2S2', V3S2 ^
i	 3DV2SI DV3SltDV1S21DV3S2tDVIS3tDV2S3,DV4S3tDODO3

DV4S3'=BETAt(DOSF'4-3ETA) .AMI'—VF*(1. A,MI)*(GAMAS/(AMI*VF)-
I (DOSF4 — BETA) /VF)
RETURN
ENDy

SUBROUTINE SDO003
DIMENSION DELTA(5,5)
COMMON /SSFFS/

1 COAS * LOAF I COASAF,AMAS I AMAF t AMASAF .AMI t VF t GAMAS t GAMAF t BETA ,DE(_TAt
2I AFAR , I AS AR y DO SF t DOFS t DO SS , DOF aF y I NDXSF, I NDXFS I I NDXSS, i NDXFF t
3TSFt'TFStTSS,TFF
4,DELTSSgDELTFF,DELTSFtDELTFS

COMMON /SF/
2DOSF1	 DOSF2,DOSF3 DDSF4,VlSl.,V2Sl t V331 tV4SIjV1S2tV2S2tV3S2t
3DV2SI,DV3SI,DVIS2,DV3S2,DVIS3,DV2S3,DV4S31DOD03

DOD03=D'OSF3**2.-2.*DOSF3*BETA*(1 .--COAF )+2.*SETA**2**(1 .—COAT')
RETURN
END

SUBROUTINE SDOFS
k DIMENSION DELTA(595)

I COMMON`' /SSFFS/
^.° 1 COAS t COAI= y COASAF* ANAS IAMAF t AMASAF t AM I t VF t6A1MAS t GAMAF, BETA_t DELTA I

2IAFAR,IASAR,DL-SFIDOFSlDOSStDOFFtINDXSFtINDXFSILNDXSSIINDXFFt
C; 3T SF, TF S, TSS, TFF
r 4tDEL_TSStDELTFFtDELTSF,DELTFS

COMMON /FS/
t IDOFSI,DOFS2,OOFS4 DOFSStTISItT2SItT4SI,T1S2tT2S2tT4S2#DT2SI,DT1S2

_— 2 t T5Si tDT5S1
- T12= —BETA/VF

CALL SDOFSI
CALL ST1S1	 N
IF	 (TIS1 —T12)	 100,100 1 120	 N

100 CONTINUA

E

m



OR W

I

_CALL ST1S2
IF	 (T1S2-T12)	 105,105.110

105 CONTINUE
OOFS=DOFS1
INDXFS= 1010
GO TO 995

110 'CONTINUE
CALL' SOT152
1^ '(DT1S2—OELTFS)	 120, 120, 115

-	 115 CONTINUE
DOFS=DCFS!
I Nt)XFS-1320
GO TO 995

120 CONTINUE
CALL` SDOFS2
CALL' ST2'S2
IF	 (T232-T12)	 300,300,125

125' CONTINUE
IF (T2S2)	 130,1 30, 200

130 CONTINUE
CALL ST2S1
IF	 (T2S1-T12)	 1 1 -0, 140? 135

135 CONTINUc
OOFS=DOFS2
INDXFS-2010
GO TO -995

140 CONTINUE
CALL SDT2S1-
I F	 (DT2 SI — DELTFS)	 150-, 150, 145

145 CONTINUE
D;)FS=DOFS?_
INDXFS=2020
GO TO 995

150 'CONTINUE
DOFS=O•	 IINDXFS=1
GO TO 995

200 CONTINUE- T5_GpMAS/VF
IF (T2S2-T5)	 205,205,240f

205 CONTINUE'
CALL ST2S1
IF	 (T2S1--T12)	 215,215,210

210 CONTINUE
DOFS= D—n FS 2
INOXFS=21104 GO TO 995	 w

215 CONTINUE

E.a,

F

moli
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CALL SDT2SI
IF	 (DT2SI—DELTFS) 225,2251220

220 CONTINUE
DOFS=DOFS2
I NDXF S=2120
GO TO 995

225 CONTINUE u
DOTS=Ce'
INDXFS=2

r

GO TO 995 r---

240 'CONTINUE
CALL_.	 SDOFSS
CALL ST5SI
IF	 (TSS'I-TI2)	 250,250?245

245 ,CONTINUEr'

DOFS=DOFSS
INDXFS=5110
GO TO 995 

250 CONTINUE
CALL SUT5S1
IF	 (,DT5S1'— DELTFS)	 260:250,255

255 CONTINUE'
DOES=DOFSS
INDXFS =5120
GO TO 995

260 CONTINUE
CALL SDOFSI
DOFS=DOFS'1
INDXFS=1030
GO TO 995

300 CONTINUE
r CALL SDOFS4

CALL ST4S1
CALL ST4S2
IF	 (T4S1-TI2)	 3204.320,p3O5

_305 CONTINUE
IF	 (T4S2—T12)	 316,310,315

310 CONTINUE
UOFS=DOFS4
I NDXFS=4000
GO TO 995

315 CONTINUE 1s7. OF S=O.
INDXFS=3
CO TO 995'

320 CONTINUE
IF	 (T452--T12)	 325,325,330

325 CONTINUE

t
L
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DOES=O.
I NDXFS=4
CO TO 995-

330 CONTINUE
DOTS=O.
I NDXF S=5
GO TO 995

995 CONTINUE
RETURN
END

SUBROUTINE SDOFSI
DIMENSION DELTA(5,5)
COMMON /SS.F FS/

1 COAS I COAF t COASAF I AMAS I AMAF I AMASAF. AMI . VF I GA>MAS / GAMAF I BETA. Dt:.TAI
2IAFARIIASAR,DOSF,DOF'SIDOSS.DOFF,INDXSFIINDXFSIINDXSSIINDXFF.
3 iTSF i TFS,TSSTF =	

1
4/DELTSS/DELTFF.DELTSSFIDELTFS
COMMON /FS/

IDOFSI ,DOFS2,D rJ'FS4,DOFS5,T1S1 ,T2SI ,T4SI.TIS2,T2S2i,T4S21DT2SI,DT1S2
2,T5SIIDT5S1

AFS1 =1.-(COASAF=AM I)-**2/AMASAF
S P S1=P-.,BETA*((COASAF-COAS)-(COASAF-AMI)*((1 -COAF)-AMI*
1(COASAF-COAS))/AMASAF)
C1FSI=BETA**2*(2 * *(i •-COAF)-((I*-COAF) AMI*(COASA'F-COAS) )*-2/'

1AMASAF)
CFS1=CIFS1-OELTFS**2
DETFS1=9FS1*' 2-4, *AFSl*CFS''
IF (DETFSI),10120i3Q

10 CONTLNUE
F	 PRINT 100/IASARIIAFAR/DETFSI

100 FORMAT (//.*SU3R.GUTLNF_ SDOFS1,DETERMINANT NEGATIVE # 1 3X,*ALFAS =
1/ I31 3X,*ALFAF =*,13 1 3X,*DETFSI =*, F10.5/)
GO TO 40r	

20 CONTINUE

DOFS1= BFS1/(2.*AFS1)
GO TO 40

g	 30 C ON TINUE
F	 DDIFS 1 •= (-rSFS1-SORT(DETFSI)) /(2 9-*AFS1)
r

	

	 D02FS1=(-BFSI+SQRT(DETFSI))/(29*AFS1)
DQFS1 =D02FS1

40 CONTINUE
RETURN
^yD

P	 SUBROUTINE SDOFS2

x

f
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DIMENSION DELTA(5#5)
CUMMON /SSFFS/

ICOAS vC CAF IC OASAF , AM AS ,AMAF ^AMASA .F,AMI I VF I GAMAS I GAMAF #BETA_1.DELTAr ----
2IAFAR,,IASAR,DOSF t DOFStDOSSI DOfFfINDXSF^INDXFS.IINDXSSIINDXFF#
3TSFITFSITSS,TFF
4?DELTSS,DEL.TFF*DELTSF,DELTFS

COMMON /FS/
1DOFSIpDOFS2*DOFS41DOFS5tTISItT2SI,T4S1 ♦ TIS2,T2S2_lT4S2,DT2S2^DT1S2
2,T5SI	 DT551

A=1.—(COAS—AMr)*'2/AMAS
IF	 (A)	 10110,20

10 CONTINUE	 —	 --	 ----
f	 PRINT	 100,IASAR,IAFAR,A

ICO FORMAT(// I *SUBROUTINE SDOFSL . ..O• ROUTE ARGUMENT NEGATIVE *13Xt
'1*ALFAS =	 I3 3X *ALFAF^	 ^	 ^	 t	 =^`+i3s3X^a^SQs"•tT.AkG.	 =4^FI0 .5/1

GO TO 40
2' ^ CONTINUE

DOFS2=DELTFS/SQRT(A)
40 CONTINUE

RETURN
END

SUBROUTINE, SDOFS4
DIMENSION DELTA(5t5)
COMMON /SSFFS/

1 COAS , COAF, COASAF, AMAS , AMAF t A:MASAF, AMI * VF,GAMAS, GAMAF,SETA, DELTA
2IAFAR ♦ IASAR,DOSFyDOFS,DOSSIDOFF,INDXSF,INDXFS,INDXSSIINDXFFt
3TSF',TFS,TSS*TFF
4,DELTSS,DELTFFIDELTSF,DELTFS

COMMON /FS/
1DOFSITDOFS2,DOFS4,DOFS5,TISI,T2S1,T4S1 ♦T1S2,.T2S2-IT4S2,DT2SIrDTIS2
2, T5S1 V DT5S1	 —
AFS4=1.
B3 S4=-2.*DETA3;(C.OAS-AHI
C1FS4=6ETA**2*AMAS
CFS4=CIFS4—DELTFS**2
D 'TFS4=BFS4**2-4. *AFS4*C!FS4
IF (DETFS4)	 10,20,30

1C CONTINUE
PRINT	 100,IASAR,IAFAR,DETFS4

100 FORMAT(//,*SUBROUTINE SDOFS41DETERMINANT	 NEGATIVE * 1 3X # *ALFAS = ^
1I3 1 3X,*ALFAF'=*tl3p3X,*DETl= S4 =*IF10.5/)
GO TO 40

20 CONTINUE
DOFS4=-SFS4/(2'**AFS4)_:
GO. TO 40

30 CONTINUE x



DO1FS4=(—BFS4'—SORT(DETFS4))/(2**AFS4) n

DJ2FS4-(-3FS4+SORT(DETFS4))/(2.*AFS4)
D0F34=D02FS4

40 CONTINUE
RETURN
END

SUBROUTINE SDOFSS
DIMENSION DELTA(5w5) k
COidtiON /SSFFS/
lC[ASjCOAFtCOASAF AtvAS t AMAF l AMASAF I AMI,VF t GAMAS I GAMAF ? BETA DELTA
21AEAR, IASAR,,DGSEIDOFS?D?]SSsDOFF, IND;{SF , INDXFS sINDXSS,INDXFF,
3TSF tTFStTSSiTFF
4 j DELTSSjDELTF F,DELTSFTDELTFS

COMMON /FS/
IOOFSI I DOFS2?COFS4,UCFS5,T1S1 I T2Sl lT4SI tTIS2ttZS2tT4S2; OT2S1lDTl'-i? i
2IT5SI,DT5S1
AFS5=1
BFS5=G-AMAS:= ('COAS— AMI )*2
C FS5=GA,MAS*'2_*A?4AS
CFSS=C IFS 5—DELTF 5M;=2
DETFS5=8FS5 = *2-4. *CFSS
IF ;(DETFS5)	 10120t30'

10 CONTINUE
PRINT	 100 t IASAR9 IAFAR , DETFSS

100 FORMAT (//A*SUt3ROUTINE "SDOFS5,DETERMINANT	 NEGATIVE *,k3X,*ALFAS
1 r I3,'3X f *ALFAF =*I I3 t 3Xf#DETFS5 =*,F10.5/)_
GO TO 40

20 CONTINUE
DOFS5=—BFS5/2.
GO TO 40

30 CONTINUE
DOFSS=(—BFSS+SQRT(DETF55) )!29

40 CONTINUE
RETURN
END

SUBROUTINE ST1S1
DIMENSION_DELTA(S15)
COMMON /SSFFS/

1COAS,COAF t COASAF,AMAS,AtAAF f AMASAF I AMI t VFv,GAMASt GAMAF,BETA,DELTA,I
2IAFAR,IASAR,DOSF,DOsFS,DOSSVDOFFIINDXSF,INDXFS,INDXSStINDXFFI
3TSFITFSiTSStTFF
4, DEL TSS , DELTF F , DELTSF 9 0ELTF S I-^

COMMON /FS/	 - vV
1DOFSI ,DOFS2,DOFS4,DOFS5 * T1S1 tT2S1IT4S1lT'IS2tT2S2,T4S2?DT2SI1DTIS2

a
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is

2, T5S1 jDT5S1
TIS'1= — (DOFS1*(COASAF-AMI)+BF-TA*((I. COAF)-AMI*(COASAF =COAS)) )/

I(AMASAF*!VF)
RETURN
END

–
SUBROUTINE ST2Si
DIMENSION DELTA(515)
COMMON /SSFFS/
1COAS*COAF,COASAF,AMAS,AMAF,AMASAFVAMI,VFVGAMASIGAMAF,BETA,DELTAI
2IAFAR,IASAR*DOSF,-DOFS,DOSS,DOFF,INDXSFIINDXFS,.INDXSS,INDXFF,
3TSF,TFS,:TSS,TFF
41DELTSS,!OELTFF,DELTSF,DELTFS
COMMON /FS/
1DOFS11DOFS2•DOFS4,DOFS5,T1S1,T2S1,T4S1,TIS2,T2S2tT4S2,DT2S1,DT1S2
2,T5S.2,OT5S1

T 2S1= — (DOFS2* (COASA'F-AM I)+BETA* ((1 .-COAF) — AMI *(COASAF— COAS))) /f	 I(AMASAF<VF)
k	 RETURN

r- END

F	 SUBROUTINE ST4S1
F	 DIMENSION DEL'TA(515)

COMMON /SSFFS/
1COAS,COAF,COASAFfAMASIAMAFIAMASAFtAMI,VF,GAMAS,GAMAF,BETA,DELTA,
21AFAR,IASAR,DOSF,DOFSfDOSStDOFF,INDXSF,INDXFS,INDXSS,INDXFF,
3TSF, TF S, TS5,,TFF
4,OELTSS,DELTFF,DELTSF,DELTFS'

I` 	COMMON /FS/
1DOFS1 ,DGFS2, DOFS4,DOFS5,TI Si ^T2S1 ,T4SI,"T1 S2,T2S2, T4S2,DT2SI,DTLS2

r	
2, T5S1 ,DT5S1

T4S1= — C DOFS4* (COASAF— AM t )+SETA*((i.^-COAF) — AMI*(CO+4SAF — COAS)) )/k	 I (AMA SAF*VF )'
`	 RETURN

F	 END
E,

SUBROUTINE STSS1
DIMENSION DELTA(515)
COMMON /SSFFS/
1COAS,COAT,COASAF,AMAS,AsMAFgAMASAF,AMI,VF,GAMAS,GAMAF,BETA,DELTA,
2IAFAR,IASAR,DOSF,DOFS,DOSS,DOFF,INDXSF,INDXFS,INDXSSIINDXFF,
3TSF,TFS,TSS,TF
4,DELTSS,DELTFF,QELTSF,DELTFS
COMMON /FS/
1DOFSI,DOFS2,DOFS4,DOFS59TIS1,T2S1_,T4S1*T1S2,T2S2,T4S2,DT2SI,DTIS2

r
V
00

t
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2, TSSI ♦ DT5SI
T5Sl=-(DOFS5*(COASAF-AMI)+SETA*((1.-COAF)-AMI*(COASAF-COAS)))/

l(AMASAF*VF)
RETURN
END

SUBROUTINE STlS2
DIMENSION DELTA(5,5)
COMMON /SSFFS/

i r

	

	 ICOAStCOAFpCDASAFIAMAS,AMAF,AMASAF,AMT,VFIGAMAS,GAMAFtBETA,DELTAv
21AFAR,IASAR,DOSF,DOFS,DOSS?DOFF,INDXSF,INDXFSIINDXSSIINDXFF,
BTSF,TFS,TSS,TFF
4,DELTSS,DELTFF,DELTSF,DELTFS

W

	

	 COMPAON /FS/
Ir)i3FSI,DOFS2,DOFS4#DGFS51TI.SI,T2Sl,T4SI,TIS2,T2S2,T4S2,DT2SI,DTIS2
2, T5SI IDT5SI

T1S2=-DOFS1*ICOAS-AMI)/(AMAS*VF)
RETURN
END

SUBROUTINE ST2S2
DIMENSION OELTA(515)
COMMON /SSFFS/

ICOAS,COAF,COASAF,AMAS,AMAFIAMASAF,AMItVFpGAMAS,GAMAF99ETA,DELTAI
21AFARyiASARDOSF,DOFS,DOSSIDOFF,INDXSFIINDXFStINDXSSIINDXFF,
3TSF,TFS,TSS,TFF
4,DELTSS,DELTFF,DELTSFIDELTFS

COMMON /FS/
IDOFSItDOFS2,DCFS4,DOFS5,TlSltT2SI,T4SIlTIS2tT2S2tT4S2,DT25-11,DTIS2
2, T5SI DT5S1

T2S2=-DOFS2^l(COAS-AMT)/(AMAS*VF)
RE rLJRNl
END

SUBROUTINE ST4S2
DIMENSION DELTA(5,5)
COMMON /SSFFS/

ICOAS,COAF ,COASAF,AMAS,AMAF , AMASAF,AMt,VF , GAMASIGAMAF , SETA,DELTAI
2[AFAR,IASAR,DOSF,.DOFS,DOSStDOFFVINDXSFtINDXFStINDXSS,INDXFF,
3TSF,TFS,TSS,TFF
4tDELTSSIDELTFFIDELTSFIDELTFS
COMMON /FS/

IDOFSI,DOF527DOFS4,DOFS5,TlSlvT2SIIT4SI-PTIS2lT2S2,T4S29DT2SI,DTIS2
2,T5S1,DT5SI

T452=-DOFS4*(COAS-AMI)/(AMAS*VF)



:

i

RETURN
END

SUBROUTINE SDTZS1
DIMENSION DELTA(515)
COMMO N /SSFFS/
1COASICOAFICOASAFIAMASIAMAFIAMASAFIAMIIVFIGAMASIGAMAFI8ETAIDELTAt

s'
2IAFARIIASARIDOSFIDrOFSvDOSS,DOFFIINDXSFIINDXFSIINDXSSIINDXFFI
3TSFjTFS.TSS,TFF
41 DELTSS I DELTFF I D•P-LTSF 1 DELTFS

z	 ' COMMON /FS/
1DOFS1 I DCFS2 1 DOFS4 1 DOFS5 1 TIS1 tT2S1 1 T4Sl ITIS21T2S21T4S21DT2SIIDTIS2
2 1 TSS1 IDTSSI

AFS 1 = 1 .- (COASAF-AMI )**2 /AMASAF
BFS1=2.*BETA*((COASAF-COAS)-(COASAF-AMI)*((1•-LOAF)-AMI*(COASAF-

a 1COAS))/AMASAF)
C IFS I=3ETA **2 * (2. * ( 1 *-COAF) -( ( 1+-COAF)-AMI * ( COASAF-COAS)) **2/
IAMASAF)
A=DOFS2**2*AFSI+DOFS2*BFSI+C1FS1
IF	 (A)	 10/20/20

10 CONTINUE
PRINT 1041 IASAR11AFARIA

100 FORMAT (/:/ 1 *SUBROUTINE SDT2S1 1 SO. 'ROUTE ARGUMENT NEGATIVE #13X1
1*ALFAS =* 1 .'3,3X 1 *ALFAF =*iI3 1 3X,*SQRT.ARG	 =*TF10.5/)

GO TO	 40,
20 CONTINUE

DT2SI=SQRT(A)
40 CONTINUE

RETURN
END

SUBROUTINE S'DT5S1,
DIMENSION DELTA(515)
COMMON /SSFFS/
1COA.SICOAFrCOASAF,AMASIA!RAFIAMASAF1AMItVF,GAMAStGAMAFIBETAIDELTAI
2IAF'ARIIASARIDOSF'IDOFSIDOSSIDOFFIINDXSFIINQXFS,INDXSS,INDXFFI
3TSF I TFS I TSS I TFF
4,DELTSSIDELTFFIDELTSFID ELTFS
COMMON: /FS/

-1 DOFS i / DOFS2 1 DQFS'4 1bOFS;5 1 T 1S 1 1 T2S 1 / T4Sl I T 1 S2 1 T2S2 , T4S2, DT2 SI / D-I S2
2,T5S11DT5S1
AFS1=1.-(COASAF-AMT)**2/AMASAF

• BFS1 =2. *SETA* ( ( CO ASAF-C OAS) - ( CO ASAF-AM I) * ((1.-LOAF) -AMI * ( COASAF-
1COAS))/AMASAF}	 ~
CIFSI=BETA**2*(2.*(1.-COAF)-((I * -COAF)-AMT*(COASAF-COAS))**2/	 o

I

1AMASAF)

a
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y

i
d

A DOFS5**2*AFSI+DOFSS*SF'S1+CIFS1
IF	 (A)	 10,20,20

1,0 CCNTINUE
PRINT	 1004IASAR,IAFAR,A

10C FORMAT	 S//,-*SUBROUTINE SDT5S1 E SQ. ROUTE ARGUMENT NEGATIVE *,3Xr
1*ALFAS =*,	 3,3X,*ALFAF =*,I3f3X, ­ SQRT.ARG. *IFIO*5/)

Gtr_ TO	 40
20 CONTINUE

DTSS1=SQrRT(A)
40 CONTINUE

f RETURN
ENI?

` SUBROUTINE SOT1 S2
DIMENSION DELTA(515)
COMMON /SSFFFS/

1 COAS, COAF , COA SAF I AMAS I AMAF , AMASAF 1 AM I , VF I CAMAS I GAMAF I BETA ( DELTA I
2 I AFAR f I ASAR , DOSF I DOr= S t DOSS , DOFF I I NDX SF, I NDXFS, I NDXSS I I NOXFFI
3TSF f TFS',TSS ,TFF
4r DELTSS?DELTFF,DELTSF,DELTFS

COMMON /FS/
IDOFSI ,DOFS2,DCFS4,DCFS5,TISI I T2S1 ,T4SI ,TIS2,T2S2,T4S2,DT2S1 ,DT1S2
2, T5SIl DTSSi

A=1 .-(COAS — AM'I) *` 2/AMAS
IF	 (A)	 10,20,20

10 CONTINUE
I PRINT	 100 * I ASAR, IAFAR t A

100 FORMAT{//,*SUBROUTINE SDT'1S2,SO. ROUTE ARGUMENT NEGATIVE *13X(
R^ 1*ALFAS	 =*,	 3,.3X, ,.'(ALFAF =*,I3,3X,*SQP,T.ARG.	 =*,F10.5/) ' I`

GO TO 40
20 CONTINUE

DTI S2=DOF S1*SORT ( A)
40 CONTINU A—

1

RETURN
END

SU3xZFJiJTINE`SDOSS
l

DIMENSION DELTA(5.,S)
COMMON : SSFFS/

1 COAS t COAF f COASAF^ AvAS , AMAF, A'iASAF, AM I I VF I GAMAS t GAMAF I BETA tDEL.TA
21AFAR,IASARIDOSF*DOFS?DOSSIDOFF,INDXSFfINDXFS,INDXSS,INDXFF,.
3TSFITFS,TSS,TFF
4jDELTSSrDELTFFrDELTSFrDELTFS

t DOSS1=DELTSS/SURT(,5+v5*COAS)
T1SI=DDSS1/(2.*AMI`FVF) N

i' T5=GAMAS/ (AMl*VF )

a

a
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c

1^'	 (T1SI — T5)	 10,10t110
10 CONTINUE

DOS'S=DOSS1
I NDXSS=1 700
GO TO 200

110 CONTINUE
ASS5=1 .
asS5 — '-29 -*GAMAS*(I •'—COAS)
CISS5=2::.cG AMA S**2-X(1•—COAS)
CSS5=C 1 SS5-DELTSS=«2
DETSSS=BSS5**2-4. *CSSS
DOSS5=(—BSS5+SQRT(DETSS5))/2+
DOSS=DOSSS
INDXSS=*000

200 CONTINUE
RETURN
ENS

SUBROUTINE SDOFF
DIMENSION DELTA(515)
COMMON /SSFFS!

1 COA'S , COAF, COASAF, AMAS I AMAF , AMASAF I AM I , VF # GAMAS I GAMAF V SETA, DELTA
2I AFAR,IASARtDOSF,DOFS,DOSS,7OFF,INDXSF,INDXFS9INDXSS,INDXFFt
3TSF ,TF-S, TSS f TFF
4,0ELTSSjDELTFF,DELTSFtDELTFS

DOFF 1=DELTFF/SORT(.5+.54cCOAF)
T1Sl=DOFF1/(2**VF)
T5=GAMAF/VF
IF	 (T1SI-T5)	 10,1C,110

10 CONTINUE
DOFF=DOFF1
INDXFF=1000'
GO TO 200

e '110 CONTINUE
A;FF5=1
3FF5=-2•*GAMAF*(19—COAT)
CIFF5=2..*GA,,MAF*#2''x (1 •—LOAF)
CFF5=C1'FF5—DELTFF**2
DETFF5=BFF5**2-49*CFF5
DOFF5=(-BFF5+SQRT(DETFF5))/2•'
DOFF--DOFFS
INDXFF=4000

200 CONTINUE
R E T U RN,
END ►-
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C
C PROGRAM COMPUTING CAPSt=
C

PROGRAM CAPSF _( INPUT,OUTPUT)
DIMENSION IS4R(10,19),IFARIIO9191,'DODSF(1C,19)IINXSF(10,19)9
1DOOFS(10t19")VINXFS(10119)IDOOSS(10),INXSS(10)1DOOFF(10tL9) ►
2INXFF ! 10 1 19) , CA'PAC( 10* 19),
3DELTA(5,5
COMMON /SSFFS/

1 COAS, CO AF', COASAF, AM AS , A,MAF, AMA SAF_r A!', I y VF, CAMAS, GAAAFI SETA, DELTA,
2LAFAR,IASAR I DOSF-,DOFS,DOSS,DOFF V IND?CSFV NDXFS,pINDXSS,INDXFFI
3T'SF,TFS,TS;SVTFF
4"* DELTSS,D€LTF'F I D;FL'TSF, DELTFS

C
C DO LOOP TO REPEAT THE WHOLE PROGRAM WITH NEW INPUT DATA
C
9999, CONTINUE

C
C INPUT DATA
G

P ALF= 1.57 077
DALF=0.17453
IPALF=90
IDALF=10

3010 FORMAT(2F10.5:)
3015 FORMAT(4FI0.5)

READ -3010 P VFKT I# VSKT
READ 3010tGAMAF,GAMAS

k	 READ 30159DELTSSIDELTSF,OELTFStOELTFF
READ 3010,PFIPS

=r'	 C
C INITIAL DATA CONVERSION
G

VS=VSKT/3600.
VF=VFKT/3600•
AMI=VS/VF
BETA=GAMAF-GAMAS

^ ; PFF=PFkPF
PSS=PS*PS
PFS=PS*PF
PSF=PS*PF_

C
;. C PRINT INPUT DATA

PRINT 31.10fVFKT
3110 FORMAT(1HI,IOX,*VF =*9F7.2/)

PRINT 312 0 t VSKT
3120 F-ORMAT(11Xp#VS =*vF7.2/)

Amid

N
OD



PRINT 31301AMI
3130 FORMAT(I1X,*MZ_=*sF10 .5/)

PRINT"3140,GAMAF
3140 FORMAT ( 8X,*GAMAF =* ,.F7.2/)

PRINT 31501GAMA5
3150 FORifAT(8X , *GAMAS =*-,F7*2/;)

PRINT ' 31601gETA
3!60 F0RMAT(9Xj*9ETA =*}F7.2/)'

PRINT 3171,DELTSS
PRINT 3172,0ELTSF
PRINT 3173,DELTFS --
PRINT 3174,DELTFF

3171 FORMAT(7X,,*DELTSS =*IF7.2/) -
3172 FORMAT ( 7X,*DELTSF =*,F7.2/)

E	 3173 FORMAT(7Xt*DELTFS =,*IF7.2/)
3174 FORMAT ( 7X,*DELTFF =*#F7.2/)_

PRINT 3180ePF
—PRINT 3190,P5

3180 FCRMAT(I1X,*PF =*1F7.2/)
3190'FORMAT(11Xj*PS =*,07.2 /)

C
C	 ANGLE MATRIX GENERATION
C

DO 999	 L=1110
EII=FLOAT(I-1)
AS=PAL. F—DALF*EI1
IASAR=TPALE—IDALF*(I-1) 7
DO 998 J=119
IF	 (I — J)	 212092110,2120

2110 CONTINUE
AF=AS-0.5*DALE
IAFAR=IASAR—IDALF/2
GO TO 2130 -

2120 CONT I NUE

EJI=FLOAT(-1)
AF= PALF—DALF*EJl
IAFAR=IPALF—.IOALF+(J-1)

2130 CONTINUE
ISAR(I,J)=1ASAR
IFAR(I,J)=IAFAR

C d

C	 PREPARATION FOR SUBROUTINES j
C

COAS=COS(AS)
CGAF=COS(AF1
COASAF=CJS(AS—AF)
Ati4AS=A", I*-%2.-2.*AMI*COAS+ 1. O
AMAF-AMI*A 2o-2* A,MI*COAF+1 e o'

G

`
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F

AMASAF=AM IMF#2.-2.*A.4I*CCASAF+1.
C
C	 MAIN PROGRAM -

CALL SDOSF _ ..

DOOSF(ItJ)=DOSF
INXSF-(I,J)=INDXSF
GALL SDOF S
DOOFS(i,J)=DOFS
INXFS(	 ,J)= INbXFS
CALL SDOFT
DOOFF([,J)=DOFF
INXFF(I,J)=INDXFF
CALL .SDOSS
DOOSS(i)=DOSS'
INXSS(I)-INDXSS'
CALL DOT
TSAR=T^°^-.SF+TFS*PFS+TFF*PFF+TSS*PSS
CAP=3600. %TOAR
CAPAC(I,J)=CAP_

998 CONTINUE
999 CONTINUE

C
C	 PRINT TABLES
C

jPRI N T 4700
4700 FORtit AT ( 1H-1, 20 X j *'CAPSF*l/// )

PRINT 4805,(ISAR(I,J),I=1,10)
DO 4710 J=1419
IANGF=100-10*J
PRINT 47i1 y'IANGF,(CAPAC(I,'J)1I=1,10)

4711 FORMAT(I6.,4'X'f10F10.3/)
4750 CONTINUE

PRINT 480:
4800 FORM, AT(1H1,2OX,*DOS`--*////)

PRINT 48059(ISAR(I,J),1= 1,10)R
DO 4810 J=1919

I ANGF=100-10*J
P	 I',:IT	 4811,'IANGF, (DO0SF(I,J) 	 I=1,10)

4810 CONTINUE
# PRINT 4820

4820 FOR;'AAT(1H1,20X,*.INDXSF*////)'
i PR'INT	 4805,(ISAR(I,J)9I=1110),

DO 4830	 J=1 9 19 X11
` IANGF=100-10*J

PRINT	 4812,ZANGF,(INXSF(I,J),I=1,10) ►-
4830 CONTINUE °'
4305 FORMAT(10X,10110//)

7
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4811 FORMAT(I6 1 4X t lOF10s5/)	 n
4812 FQRMATt16 j 4X 10I10/)	 iPRINT 4840
4840 FORM AT (1 H1 t 20 X t *DOES*//// )

PRINT: 4805, (I SAR (-I t J) 1 I=1 1 1 0
00 4850 J=1,19
IANGF=100-10*J__
PRINT 4811 t ,IANGF t (QOOFS(I t-)) pI=1 g10)

4850 CONTINUE
PRINT 4660

4860 FORMAT(1H1t20X,*INDXFS*////)
.RENT 48059 (I SAR( I t J) t =1 t 10)
DO 4870 j=1,19
IANGF=100-10*J
PRINT 4812t1ANGFt (INXFS(_IfJ-),I=1s1C)

4870' CONTINUE
PRINT 4880

4880 FORMAT(1H1 t2OX t *DOSS INDXSS*////)
PRINT 4905t(ISAP„(lvJ)gI=1j10)
PRINT 4881 , (0OOSS(I ) t L=1 x101

4881 FORMAT(1.0Xt10F10 5/)
PRINT' 4882t(INXS5(I)jI=1110)

4882 FORMAT(10X,10110)
PRINT 4890

4890 FORMAT(iN"1,20XtYDIIFF*////)
PRINT 4805,(ISAR(ItJ)tI=1110)
DO 4900 J=1119
LANGF=100-10*J
PRINT 4811 1 IANGF t (DOOFF('I' t J).i=1 8 10)	 j

R.	 4900 CONTINUE
PRINT 4910

4910 F0RMAT(1HIt20Xt4-IN0XFF*//.//)
PRINT 4805t(ISAR(ItJ)tl=lyl0)
DO 4920 J=1,19
t ANGF= 10 0-10'# J
P •R YINT 4812tIANti,F't(INXFF(ItJ)tl=1110)

4920 CONTINUE	 f
G© TO 9999
STOP
'END

cc
J

(
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C PROGRAM COMPUTING CAPS
C' s

PROGRAM CAP3 ( INPUT,OUTPUT)
DIMENSION VKT15) , GAMA ( 5)yP(5 ) ,PP(_5,5),DELTA(595),TT(5,5),

:i	 1I ALF 1 (50) , IALF2 ( 50) t IAL f,- 3(50) , CAPAC(50) t CAPMIN('50 )
2IALFMI ( 50)1 1ALFM2(50),IA^-FM3(50)'
COMMON /SSFFG/
1,COAS*COAFtCOASAFlAMASyAMAF,AMASAF*AMI , VFtGAMASIGAMAFIBETA , DELTAs
2I AFAR, 1ASARO DOSF I ,DOFSIDOSS , DOFF t I NDXSFl INDXFS t INDXSS, INDXFF
3TSF, Tr= S:, TSS j TFF
4 DELTSS,DELTFFIDELTSF*DELTFS

C DO 'LOOP TO REPEAT THE WHOLE PROGRAM WITH NEW INPUT DATA 	 9

C 9999 CONTINUE
C

I	 C INPUT DATAC

M=3
NM=40
READ 3010,(VKT(1), I=1qM)

3010 FORMAT(3F10."5)
READ 3010,(GAMA(I)sI=1#M)'
READ 3010, ( P1 F) i T=1,M1
READ 3410•((DELTA ( I fj)jj=ltm)jI=lvM)

C PRINT INPUT` DATA
C

PRINT 3111
3111 FORMAT(1H1 1 10X V #INPUT DATA*,// /)

00 3110 1=11M,
PRINT 3112,I,VKT ( I) t IjGAMA ( I)jI,P ( I)	 ......__a

f	 3112 FORMAT ( 11X.,*VKT* I ll t *` *,F7 . 2,3X,#,GAMATjpIli'# '=*.#F7 . 213Xt*P*Illg

311,0 CONTINUE
-i	 PRINT 3120	 1

3120 FORMAT("t11X t *DELTA MATRIX*//)
PRINT 3130 —	 €

3130 FORMAT(20X # *TRAILING A/C*/)	 E
ocArmT



C
DJ 4010 I =11u
DO 4009 J=1jM	 s
PP(IjJ)=P(I)*PtJ)

4009 CONTINUE
4010..CONTINUE

DO —?020 N=1•NM
CAPAC(N)=0.
CAPMIN(N)=9999.'
IALF1(N)=0
IALF2(N)=0
IALF3(N)=0

4020 CONTINUE
PALF=1.57 07 7
DALE-0.17453
I PALF=9-0
I DALE=10

C
C>	 MAIN PROGRAM
C
C	 CASE	 A
G,
C ` ANGLES GENERATION

R; C,
DO 2+95 11=198 
E11=FLOAT{ I1-1)

_ AI=PALS`-DALF*E11
IAIAR=IPALF-IDALF*(I1-1)
ILPLSL=11+1
DO 2490 12=11 PLS 1 9
E21--FLOAT-f, 12-1) 	 1

A2=PALF-DALF*E21
IA2AR=LPALF — I0ALF*(12-1 )
1 2PLSI=12+1	 1
DO 2485 13=12PLS1 a 19-
E31=FLOAT(13-1)_ A3=PALF=-DALF*E31
I A3AR=IPALF-1DALF4(i3-1 ) 

`C
C	 AIRCRAFT	 1	 AND	 2'' C

VS=VKT(1)/3600.
VF=VKT(2)/3500. =

s AM I'=V S/VF
GAMAF=GAM,A(2)
GAMAS=GA'MA(I) 	 N

BETA=GAMAF-GAMAS ►—'DELTSS=DEL.TA(1 • i)

a



DELTFF=DELTA(2 #2)
DELTSF=DELTA(1 92')
DELTFS=DELTA(.2 1 1 }
AS=A1
AF=A2
'I AFAR=IA2AR	 n
IASAR=IAl AR	 v..
COAS=COS(AS)
£OAF=COS(AF)
COASAF=COS(AS—AF)_
AMAS=AM I **2--2 * *AMI *C.OAS+1
AMAF=AM I**2-2.*AM I*COAF+1 •
AMASAF=AMI D. *2-2.#AaiyiI *COASAF+l o
CALL SDOSF
CALL SDOF.S
CALL SDOFF
CALL SDO'SS
CALL DOT	 t
TT(111)=TSS
TT( 1`•2)=TSF

- ' TT(2 * 1) =TES
TT(212)=TFF

C
C AIRCRAFT 1 AND`' 3

VS=VKT(1)/3600.
VF=VKT(3) /3600.
AMI—VS/VF'
GAMAF=GAMA(3)
GAMAS=GAMA( I )
BETA=GANlAF—GAMAS
DELTSS=DELTA(1 i 1 )
DELTFF=flELTA(3^3)	 ,
DELTSF=DEL i A'(1 ,3)
BELTFS=DELTA(3 1 1
AS=A1
AF=A3
I AFAR= I A!3 AR
I ASAR= I AI-AR
COGS=COS(AS)
COAF=COS(AF)	 E
COASAF=COS(AS^—AF)
A MAS= AMI* #2-2. *A v; I*COAS+l
AMAF=AM I*^-2-2 . *AMI*COAF+1 .	 h;

AMASAF=AMI**2-2.*AMI*COASAF+1•	 3

CALL SDOS.F	 r
CALL SDOFS	 N
CALL SDOFF

i
t



n.	
_.

r

CALL SDOSS
CALL DOT
TT(113)=TSF
TT( 311)=TFS
TT(393) =TFF	 aC

C AIRCRAFT	 2	 AND	 3'
C'

VS=VKT(2)'/3600•
VF=VKT(3)/3600•
AMI=VS/VF
GA'MAF=GAMA(3)
GAMAS=GAMA(2)
BETA=GAMAF-GAMAS
DELTSS=DELTA(212)
DELTFF=DELTA(393)
_DELTSF=DELTA(2t3)
DELTFS=DELTA( 3 1 2 )
AS=A2
AF= A3
I ASAR= I 42'AR
IAFAR=IA3AR
COAS=COS(AS)
COAF=COS(A+= )
COASAF=COS (AS—AF)_
AMAS=AMI**2-29*AMI*COAS+1
AMAF =AM I**2-2.*AMI*COAF+1.
AMASAF=AMI**2-2•*AMI*COASAF+1•

-CALL SDOS'F
CALL' SDOFS
CALL SDOFF
CALL SDOSS
CALL DOT	 -
T—ol2v3)=TSF
TTt 3t2)=TFS

G
C MEAN INTERARRIVAL T IME AND CAPACITY
C

TSAR=O•
DO 2420 1-1 IM	

a

DO 2.410	 J=1*M
T8AR=TBA2+TT(I•J)*PP(TsJ)

2410' CONTINUE
2420 CONTINUE

CAP=3500./TBAR
N=NM	 ►^
IF (CAP•LT•CAPAC(N)) GO TO 2470
DO 2+50 N1=19N	

w

x



E

IF (CAP—CAPAC(N1)) 245092450*2440
2440 CONTINUE y .,

NN=N 1
` GO T.O 2455

2450 CONTINUE
a

2455 CONTINUE
N'dINNN=N-NN
DO 2466 NOP=19NMINNN
N 2=,,V,-NOP
N2P1=44,2+1
CAPAC(N2P )=CAPAC(N2)
IALFI'(N2P1)=IALFl(N2)
IALF2(N2P1)= IALF2(N2)
IALF3(N2P1)=IALF3(N2)

2460 CONTINUE
F CAPAC;(NN)=CAP

IALFliNN)=IAIAR
IALF2(NN)=IA2AR
IALF3(NN) =IA3AR

2470 CONTINUE.
•N=NM
IF (CAP.GT.CAPMIN(N)) GO TO 2478
00 2474 N1 =l,-N

I IF (CAP—CAPM,LN(N):)) 247212474,2474
2472 NN=N1

GO TO 2475
2474 CONTINUE
2475 CONTINUA'

NMINNN=N -NN
00 2476 NOP=19NMINNN
N2=N—NOP
N2P 1=N2+1
CAPMIN(N2P1)=CAPMIN(N2)
IALFWl(N2P1)=IALFMl(N2)
I ALf'K2(N2P1)=iAL;FM2(N2)
IALFM3(N2P1)=IALFM3iN2)

2476 CONTINUE
CAPMIN(NN)=CAP
IALFMi(NN)=lA1AR
I ALFM2(NN) =I A2AR
I AL.F M3 (NN )= I A3 AR

I	 2478 'CONTINUE
2435 CONTINUE
2490 CONTINUE
2495 CONTINUE

CC	 MAIN PROGRAM
C {	 I

i.





TT(211)=TFS
1 TT(2 9 2)=TFF

C

C
AIRCRAFT	 I	 AND	 3

VS=VKT(1)/3600•	 _ a
VF=VKT(3)/3600•1
AMI=VS/VF a
GAMAF=GAMA(3)
GAMAS=GAMAt l)
BETA=GAMAF—GAMAS
DELTSS=DELTA(1,1)
DEL T FF=DELTA(3 t3)
DELTSF=DELTA(193)

'
DELTFS=DELTA(391)
AS=A1
AF=A3

" I AF AR = I A3 AR
IASAR=IAIAR
COAS=COS(AS)
LOAF=COS(AF)
COASAF=COS(AS—AF)
AMAS=AMI**2-2.#AMI*COAS +1'.
AMAF=AMI**2-2.*AMI*COAF+1.	 _'

. AMASAF=AM I##2-2.#AMI*COASAF+1 •
CALL SDOSF
CALL SDOF S
CALL SDOFF
CALL SDOSS
CALL DOT
TT(193)=TSF
TT(3i 1 )'=TFS
TT(3 t3)=TFF

G
C AIRCRAFT	 2	 AND	 3-
C:

VS=VKT(2)/3600.
VF=VKT(3)/3600•
AMI=VS/VF
GAMAF=GAMA(3)
GAMAS=GAMA(2)' s

1 SETA=GAMAF—CAMAS
DELTSS=DELTA(292)
DELTFF=DELTA( 3 t3)
DELTSF=DELTA(2 1 3 )
DELTFS=DELTA( 392)

t

AS=A2 0^
AF=A3

w.. _	 .,. ^f^MiMer^ --	 _.	 - :.	 u..ym...	_.,	 __	 ._ '	 .....„e.-^:u,........c	 ' '	 ..	 ..	 _.........s_a....rs.......w.a.....^a.u..^r._...,...a......u.._..,mw,.....	 ,.^.,...,au.w..s..^,a.....s .	 -	 . -	 .._.._..__^:.iwra^



I '

IASAR=IA2Af2
I AFAR=-IA3-AR----
COAS=COS(AS)

)

COAF_COS(AF)
COASAF=COS(AS—AF)
AMAS=AMI**2-24*AMI*COAS +1•
AMAF=AMI**2-2 *AMI*COAF+1 •' __ Y
AMASAF=AM I##2-2 o*AMI*COA'SAF+l s R
CALL SDOSF
CALL SJOFS
CALL SOOFF =	 -
CALL SDOS S

^.
CALL DOT
TT (2 t 3) =T,SF

6

TT(3v2)=TFS hC

i	 C	 MEAN INTERARRIVAL TIME

TBAR-O•
-

00 2520 I=19M
-DO 2.510	 J=11M'
TEAR,= TBAR+TT( I jJ) *PP(I v J )_- y

2510 CONT WUE
_	 2520 CONTINUE'

CAP=3600./TSAR
N=NM
IF (CAP•LT•CAPAC(N)) GO TO 2570
00 2550 N1=10

l IF -(CAP—CAPAC(N1)) 25501255012540
2$40 CONTINUE

NN=N1
i GO TO 2555

2550 CONTINUE -•-----
2555 'CONTINUE

N'MI NNN=N-NN
DO 2560 NOP=lpNM-,INNN
N2=N-NOP
N2P1=N2+1
C,APAC(N2P1)=CAPAC(N2)
IAL:F1 (N2P1 )=IALFl(N2) r--=
tALF2(N2P1)=IALF2(N2)
IALF3(N2Pl)=IALF3(N2)

2560 CONTINUE !
CAPA,C(NN)=CAR

a

f IAL 1(NN)=IAIAR
i tALF2(NN)=IA2AR N
F tALF3(NN)=IA3AR

2570 CONTINUE

;`	 a
i

..._..	 ..	 ..£f^.iai^resr^,l^iwn'trt:i#^+r.w,te4wa#ixkraea-.km+enrr. ^r:?#^,c?^a. 	 '--	 +AtiTaa	 .;	 . ,



N=NM'

IF (CAP , GT.CAPMIN(N )) GO TO 2578
DO 2574 N 1=1 N	 --=—'
IF (CAP-CAPMIN(N1)a 2572,257402574

2572 NN=N1
GO TO 2575

2574 CONTINUE
2575 CONTINUE

f NMINNN=N-NN
DO 2576 NOP=11NMINNN

t _ N 2=N—NOP

N2P1=N2+i
f CAPMIN ( N2P1) =CAPMIN(N2)

IALFMI(N2P1)=IALFMI(N2)
f IALFM2(N2PI)=IALFM2(N2)

I ALFM3 ( N2P1 )= L ALFM3 (N2 )

2576 CONTINUE
CAPMIN (NN)=CAP ^-
IALFMI ( NN)=IAIAR
IALFM2 ( NN)=IA2AR
IALFM3(NN)=IA3AR {

2576 CONTINUE
2585 CONTINUE
2590 CONTINUE
2595 CONTINUE

G'
i_

C	 PRIINTING RESULTS

C
4 PRINT 4050

r
4050 F032MAT(iHl,///, 13X,#MAXIMAL CAPACITY—OPTIMAL ANGLES#O////)

PRINT 4100
4100 FORMAT(14Xt*CAPACITY$ 15X**ALFA1* 1 5X,*ALFA2'*#5X,*ALFA3*1 ///)

70 4150 NP= I t NM
PRINT 4151,NP I CAPAC ( NP)gIALF1 ( NP) I IALF2(NP) t IALF3(NPJ -

4151 FORMAT ( 5XtI5jF10, . 3g3I10)
4150 CONTINUE

PRINT 4250
4250 ' FORMAT ( 1H1,/// 9 13X,*MINIMAL CAPACITY —THE WORSE ANGLES*9////)

PRINT 410C
DO 4260 NPs1t.NM
PRINT 415liNP*CAPMIN ( NP)IIALFMI(NP)tIALFM2 ( N;P)IIALFM3(NP)

426p CONTINUE
- GO TO 9999
STOP	 -
END

N
^o

ly
,y.

9
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C
C PROGRAM COMPUTING CAP4
C

PROGRAM CAP4(INPUTtQUTPUT)
DIMENSION VKT( 5) ,GAMA(5),P(5)gPP(SI5),DELTA(515)tTT:5t5),

ITALFI(50):IALF2(50) ♦ IALF3(50) CIALF4(50),CAPAG(50)tCAPMINCSO)t
2IALFMi(50)9IALFM2(50)vIALFM3(50)#14LFM4(50)
COMMON /SSFFS/

1 COAS, COAF , COASAF # AMAS, A MAF t AMASAF, A;M I t VF t CAMAS, GAMAF V BETA , DELTA t
2IAFARIIASARIDOSFiDOFStDOSSIDOFFIINDXSF91NDXFSvINDXSSIINDXFF9
3TSF t TF- I TSS t TFF

C 4v DELTSSjDELTFFjDELTSFgDELTFS

C DO LOOP TO REPEAT THE WHOLE PROGRAM WITH NEW INPUT DATAG

9999 CO:N_TINUE
C
C INPUT DATA
C

M=4
N.M=40
READ 3010t(VKT(I)jI =ltM

3010 FORMAT(4F105)
READ 3010j(GAMA(I)jI=1,M)
READ 30I0 , (.°(I) j I=l qM)
READ 30 10 f (( DELTA(I I J ).g J=1 t .M) * I=1 "M)

C
C PRINT INPUT DATA
C	

-

PRINT, 3111
3111 FORMAT(1H1,r10Xy#INPUT DATA*lp///)

DO 3110 I=1,pM'
PRINT 311?— tlrVKT(I)gltGAMA(I)tltP(l)

3112 rORMAT(11 X,*VKT4I1 t* =*,F7.2 j 3Xf*GAMA# j (i,* =* # F7.2 j 3X,*P*j I1;
I* =*9F4.2/)

3110 CONTINUE
PRINT 3120

3120 FORMAT(// i 11X,*DEL.TA MATRIX*//)
PRINT— 3130

3130 FORMAT(21X,*TRAILING A/C*//)
PRINT 3131,'(J,J=ItM)

3131 FORMAT(18Xj4(Il ♦9X) J/)
DO 3140 I=11M
PRINT 3132jIj(DELTA(IjJ)vJ=lgM)

3132 FORMAT,(7XjI2,2XV4(F:0.2)j/)
3140 CONTINUE

C
C 'INITIAL DATA PREPARATION



C

f

DO 4010 I=1 0 M' --
DO 4009 J=1,M
PP(I,J)=P(I)*P(J)

4009 CONTINUE
4010 CONTINUE

lift 4020 N:_I tNM
CAPAC(N)=0.
CA'PMIN(N)=9999.
IALF 1 ('N)=0
I'ALF2(N)=0
IALF3(N)=0
IALF4(N)=0

4020 'CONTINUA
PALF=1.57077
DALE=0.17453
,I PALF=90
IDALF=10

C
C
C MAIN PROGRAM CASE	 A
C
C ANGLES GENERATION
C

DO 2195	 I1=117
E11=FLOAT(11-1)
A i=PALF-DALF*E11
I A I AR=I PALF--I DALF# (11-1
11PLS1=I1+1
00 2190 12=11PLS1,3
E21=FLOAT(12-i)
A2=PALF-DALF*E21
IA2AR=IPALF-IDALF#(I.2-1)
I2PLS1=I2+1
DO 2185 I3=I2PLS1*9
E31=FLOAT(I3-1)
A3=PALF-DALF*E31
IA3AR=IPALF-IDALF*( I3-1 )-
L3PLS1=I3+1
DO 2180	 I4=I3PLS1t19
E41=FLOAT(I4-1)
A4=PALF-DALF4.E41

I IA4AR=IPALF-IDALF*( I4-1) jC JC AIRCRAFT	 1	 AND	 2
C

NoVS=VKT(I )/3600
VF=VKT(2)/3600.

3

i



M

r•

AMI=VS/VF
GAMAF=GAMA(2)
GAHA'S='GAMA(l )
BET A= GAMAF-GAMAS
DELTSS=DELTA(1l1`)
DELTFF=DELTA(2p2)
DELTSF-DELTA(1 ♦2)
DELTSS=DELTA(2,1)
AS=A1AF=A2;
I AFAR= I A?. A'r2
IASAR=IAIAR::
COAS=COS(AS)
COAF=CD8(AF)
COA'SAF=COS(AS—AF)
AM AS=A,M I**2-2. *AM I *COAS+1 .

6	 AMAF=AM I "c2-2 . *AM I *COAF+-1 .
AMASAF=A.M I **2-2. *AM I *COASAF+l .
CALL SDOSF
CAL L SDOFS

f

	

	 CALL SDOFF
CALL SDOSS
CALL DOT.
TT(1il)=TSS

s	 TT(1 72)=TSF
t

	

	 TT(2y1)=TFS
TT(2 ,2) =TFF

4

C AIRCRAFT 1 AND 3
C

VS=VKT(I)/3600.
R

	

	 ^/F=VKT(3)/3600.
AMI_=VS/VF
GAM,AF=LAMA(3)
GAMAS_=G,AMA11
BETA=GAMAF—GAMAS
DELTSS=DELTA (1 I 1 )
OELTFF=DELTA'(3 ,3 )
DEL.TSF=DELTA(113)
DELTFS=OELTA(3pl)1	 AS=A1	 _

AF=A3
j IAFAl=IA3AR

IASAR=IAIA.R
COAS=COS(AS)'
COAF=COS(AfF)' 	 N
COAS.AF=COS(AS — AF)	 N
AMAS=ANT I**2--2. *AMI *COAS+ • 1 .



AMAF=AMI**2-2 9*AM I *COAF+1.
AMASAF =_AM I **2-2• *AMI *COASAF+I •-
C ALL SDOSF
CALL SD OF S,
CALL SOOFF
CALL' SOOSS
CALL DOT
TT(1*3)=TSF,.
TT(3,1)=TFS.
TT(313)=TFF

C
€ C AIRCRAFT	 I	 AND	 4€ C

VS=VKT(1)/3600.

VF=VKT (4)/3600•
AMI=VS/VFa GAMAF=GAMA(4)
GAMAS=GAMA(1)

u BETA=GAMAF-GAMAS
` DELITSS=DELTA (1 f 1)

-'	 DELTFF_DE.LTA(494)
t DEL'TSF_DE'LTA (1 ,4)

DELTFS=DELTA(4,1)
AS=A1

r AF=A4 {
IAFAR=IA4AR s

k IASAR=IAIAR
COAS=COS(AS)

f ` COAF=COS(AF)q
COASAF=COS(AS—AF)
AMAS= AMI**2-2.*AMI*COAS+•
AM A,F=AMI**2-2.*AiMI*LOAF+1 •
AMASAF=A,"1**2-2 *AMt*COASAF+I.
CALL SOOSF

;.
-	 P

CALL SDGFS
CALL SDOFF 3
CALL SOOSS
CALL DOT
TT(194)=TSF R

TT(491)=TFS
TT(4r4)=TFF

° C _
C AIRCRAFT	 2	 AND	 3
C

VS=VKT(2)/3600.'
V.F=VKT(3) /3600.

A'dt=VS/VF w
GAMAF =LAMA(3) i

_	 ^	 r



GAMAS=GAMA(2
BETA=GAMAF—GAMAS'
DELTSS=DELTA( 2 ,2)
DELTFF=DELTA(313)
DELTSF=DELTA(2v3)
D ELF S=DELTA (3 , 2 )'
AS=A2
AF=A3
I ASAR= I A2AR
IAFAR=IA3AR	 -
COAS=COS( AS)
COAT=COS(AF)
COASAF=COS(AS-AF)
AM A S-- A M I * *2-2 . * AM I * COA S+ l .
AMAF=AMI**2-2.*AMI*CO`AF+l,--
AMASAF=AM I* 3x2-2**AM I*COASAF+l .
CALL. SDOSF
CALL SDOFS
CALL SDOFF
CALL SDOSS	 ------ ---	 -
CALL DOT
TT(2v3)=TSF
_TT(3#2)=TFS

C
C	 AIRCRAFT	 2	 AND	 4
C

VS=VK (2)13604.
VF=V'KT ( 4)1360 0 . i
AMI=VS/VF
GAMAF= GAMA(4)
GAMAS=GAMA(2)
BETA=GAMAF-GAMAS
DELTSS=DELTAf 2y2 )'
OEL.TFr =DELTA( 4 1 4 )
DF_LTSF=0ELTA(2,4) i
DELTFS=DELTA'(492)
AS-A2
AF=A4
IASAR=IA2AR ----=
I AFAR= I A4Af2
CGAS=COS(AS)

a

COAF=COS(AF)
COAS,AF=COS(AS—AF)

AMAS=XM I**2-2. *AHI=-C0AS+l'•
AMAF=AM, I**2-2.*AMI *COAF+l.
AMASAF=AM I*%2-2 *AU I-kCOASAr=+l, N
CALL SDOSF o^
CALL. SOOFS



F

CALL SD:OFF	 .
CALL SDOSS
CALL DOT
TT(2,4)=TSF
TT(492)=TFS

i_ C
C AIRCRAFT	 3	 AND	 4
C

VS=VKT(3)/3600.
VF--VKT(4)/3600.

€. AM i=VS/VFW
s GAMAF=GAMAf4;)

GAMAS=GAMA(3)
BETA=GAMAF—CAMAS
DELTSS=DELTA(33)
DELTFF=DELTA(4 t4')	 t
DELTSF=DELTA(314)
DELTFS=DELTA(4 1 3 )	 i---=--
AS=A3s AF=A4
TASAR=IA3AR
I AF AR- I A4 AR

w CLAS=COS(AS)
COAF=COS(AF)

_ CCASA'F=COS(AS—AF)
AMAS=AMI*#2=2.*AMI*COAS+l.
AMAF=AM I s;: *2-2. #AM I *COAF+1 .

k A?AASAF=AMl**2-2 *AMI*COASAF+1.
CALL SDOSF
CALL SOOFS

' CALL SDOF
CALL SDOSS
CALL DOT
TT(394)=T,SF
TT(4t3)=TF'S

C
C MEAN I'NTERARRIVAL TIME
C

TC3AR=0.
 ;^---—DO 2120 1=1,M

DD 2110 J=11M
E TBAR=TBAR+TT(.I l J)*PP(I j i)
i 2110 CONTINUE
s' 2120 CONTINUE

CAP=3600./TBAR
E N =Nra	 N

l F	 1-CAP.LT.CAPAC(N)) 'GO TO 2170	 tin
DO 2150 N1=11N

t



IF	 ( CAP,-CAPAC (N 1))	 2150 9 2150 2140 ..
21.40 CONTINU€-

NN—NI
GO TO 2155

2150'CONTtNUF
2155 CONTINUE

NMINNN=N—NN
DO 2160 NOP=19NMINNN
N2=N—NDP
N2o1=N2+1
CAPAC (N2PI)=CAPAC(N2)
CAPAC(N2P1)=CAPAC(N2)
IALF1(N2P1)=IALF1 (N2)
IALF2(N2Pli)=IALF2(N2)
I ALF3(N2P 1 )=1 ALF3(N2)
IALF4(N2P1)=IALF4 (N2)

2160 CONTINUE
CAPAC(NN)=CAP
IALF1(NN)=IA1AR
IALF2(NN)=[A'2AR
IALF3(NN)=IA3AR
IALF4(NN)=IA4AR

2170 CONTINUE
N=NN!
IF`(CAP.GT.CAPMIN(N))	 GO TO 2173
00 2174 N1=19N
IF	 (_CAP—CAPMIN(Nl)) ,2172 1 2174 1 2174

2172
GO TO 2175

2174 CONTINUS
2175 CONTINUE	 __	 t

N ;^I NNN=N—NN_
DO 2176 NOP=1,NMI NNN
N2=N-NOP
N2P1=N2+1

CAPMIN(N2P1)=CAPMIN'(N2)
IALFMI(N2P1) = IALFMI(N2)
IALFMZ(N2P1)=IALFM2(N2
IALFM3(N2P1)=IA(_FM3(N2)----=
IALFM4(N2P1)=IALFM4(N2)

2175 CONTINUE
CAPMIN(NN)=CAP
I ALFM1 (NN) = ( Al AR
IALFM2(NN)=IA2AR	 _

IALFM3(NN)=IA3AR
IALFM4(NN)=IA4AR	 N

2178 CONTINUE	
o

218'C CONTINUE	
—

a



2185 CONTINUE.
2190 CONTINUE
2195 'CONTINUE'.

C
C
C'' MAIN PROGRAM CASE 	 8
C'
C ANGLES GENERATION
C

3 DO 2295 I1=118
E11=FLQAT(II-1 )

_A 1=PALF-°DALF*E 1 1
I AJAR=I'PALF-IDALF*( 21-1 )
IIPLSI=I1+1
DO 2290 I2=I1PLS119
E21=FLOAT(I2-1 )
A2=PALF--DALE*E21	 a
IA2A,R=IPALF-IOALF#(I2-1)
I2PLS1=12+1
00 2285 I3=11.19
E31=FLOAT(13-1)
A3=PALF—DALF*E31
IA3AR=IPALF — IDALF*( I3 =-1 )
1 3MIN1= I3-1
DO 2280 I4= 12PLSltI3MIN1



AMAS=AM1**2- 2•*AMI*COAS+1•_:_.
AMAF=AM I *2-2 • *ANi I*COAT+i
A'MASAF=AMI D%*2-2.*AMI*COASAF+1 •	 -
CALL SD05
CALL SDOFS'
CALL SDDFF

- CALL SOOSS
CALL DOT
TT(1*1)=TSS
TT(112)=TSF
TT(2t1)=TFS
TT(292)=TFF

C
C AIRCRAFT	 1	 AND	 3
C

VS=VKT(1)/3600.
VF=VKT(3)/3600•
AM I =VS1 VF
GAMAF'=G'AMA(3)
CAMAS=GAMA(1)
t3ETA=GAMAF-GAMAS
DELTSS=DELTA(1 l 1 )
DELTFF=DELL TA (3 9 3
OELTSF=DELTA(113)
DELTFS=DELTA(311)
AS=A1
AF=A 3'
I` AFAR= I A3 AR
IASAR=IAIAR
COAS=COS(AS)

` %OAF'=COS(AF)
COASAF=COS(AS-AF)
AMAS=AMI**2-2•*AMI*COAS+1. 	 -	 3

AMAF=AMI**2-2.*AMI*COAF+1
AMASAF=AM I**2-2**AMI*COASAF+I •
CALL SDOSF
CALL SDOFS
CALL SDOFF	 l
CALL SDOSS
CALL DOT
T T (1 y 3) =TSF
TT(3 9 1)=TFS
TT(3v3)=TFF

C
C AIRCRAFT	 1	 AND	 4
G

V S= VKT (I )'/360 0 . 	 o
VF=VKT(4)-/3600.



Anti=VS/VF
GAMAF=GAMA(4)
GAMAS=GAMA(1)
BETA=GAMAF—GAMAS
DELTSS=DELTA(1.,1)
DE=LTFF =DELTA t4*4I
DELTSF=DELTA(114)
DEL:TFS=DELTA(491)
AS=A 2
AF=A4
I AFAR'=IA4AR
IASAR AIAR
COAS=COS(AS)
COAT=COS(AF')
COASAF=COS(AS-AF)
AMAS=AMI**2-24#AMI*COAS+1•-
AM.AF=kM I **2--2 * *A`+f I #LOAF+1
AMASAF=AM I* *2-2 * *AM I *COASAF+'1 •
CALL SDOSF
CALL SDQFS
CALL SDOFF,
CALL SDOSS
CALL DOT:,

TT(194)=TSF
TTt4 t 1 )=7FS
TT14#4)=TFF

C
C AIRCRAFT 2 AND 3
C	 —

VS=VKT(2)13600
VF=VKT_(3)/'36009:
AM I= VS/VF
GAMAF_GAMA(3)
GAMMAS=GANIA('2)
BETA=GAP?AF--GAMAS
DF_L'TSS=DFELTA (2 1 2 )
DELTFF=0ELTA(3#3)
DELTSF=DELTA(213)
DF_.LFS= DELTA (392)

AS=A 2
A F=A 3
IASAR=SA2AR
IAFAR=IA3AR	 —
COAS=COS(AS)
COAF=COS(AF)
COASAF=COS(AS—AF)	 N
A!+SAS=Ar'T**2-2 • *AMI *LOAS+1 •	 ^
AMAF=AM I**2-2 • *AMI *LOAF+1 ..

r

i
a



_ . 	 ,,....,

3

At4ASAF=AM I * *2-2. *AMI *COASAF+i .
CALL- SDOSF
CALL SDOF S

' CALL SDOFF	 -
CALL. SDOSS	 L
CALL DOT -
TT(2,3)=T`SF
TT(3 ,2) =T'FS	 Y

C
C AIRCRAFT	 2	 AND: 4C

VS=VKT(2)/3600•
VF=VKT'(4)/3600.
AMI=VS/VF
GAMAF-GAMA(4)_
CAMAS =GAMA(2)	 $

F
r BETA=GAMAF-GAMAS

- D,ELTSS=DELTA(2 j 2)
f DELTFF=DELTA(414)

DELTSF'=DELTA(2 v4)
DEL TF S=DELTA (4 92)
AS--A2
AF=A4
I ASAR=I A2Al2
IAFAR=IA4AR	 -

'
'

COAS= COS(AS)
COAF=COS(_AF )
COASAF=COS(AS-AF)
AMAS=AMI* *2-2 *A,41 *COAS+1.--
AMAF= AM I * *2-2 • *AM I *COAF'+ 1 •
AMASAF=AtAf **2-2.*AMI *COASAF+1.
CALL SDOSF
CALL SOOFS
CALF. SDOFF
CALL SOOSS
CALL DOT.,
TT(2t4,) =T-SF
TT(4p2)=TFS

C
C A[RCRAFT	 3	 AND	 4
C _ VS=VKT( 3)-/3600.

VF=VKT(4)/36009
AMI=VS/VF
GAMAF'=GAN.A(4)
GAMAS=GAMA(3) 	 N

BETA=GAMAF-GAMAS
DEL TSS=DELTA(3 3)



DELTFF=DELTA(414)
DELTSF=DELTA(394)
DELTFS=OELTA(493)
AS=A3
AF=A4
IASAR=IA3AR	 H
IAFAR=IA4AR
COAS=COS(AS)
COAF='COS(AF)
COASAF=CO S(AS-'AF )
AMAS-AMi**2-2.*AMI*GOAS+l.
A,MAF=AMI#*2-2.*AMI*COAF+1•
AMASAF= .AM I**2-2. *AMI *COA'SAF+l .
CALL SDOSF'
CALL SDOFS
CALL SDOFF
CALL SOOSS
CALL DOT
TT(3,4)=TSF
TT(413) =TFS

C	 MEAN INTERARRIVAL TIME

TQAR=O<.
00 2220 I=11M
00 2210 J=1*M
THAR_TBAR+TT(ItJ)*PP(ItJ)

2,210 CONTINUE
2220 CONTINUE

CAP=>3600./TJAR'
N=NM

` IF (CAP•LT.CAPAC(N))- GO TO 2270
DO 2250	 N1=1 t N	 -..
IF	 (CAP-CAPAC(NI))'225092250',2240

2240 CONTINUE
NN=NI
GO TO 2255

2?_50 CONTINUE
2255 CONTINUE

NMINNN=N-NN
DO 2260 NOP=1 ,NMINNN'

'. N?=N-NOP
N2PI=N2+1
CAPAC(N2Pl_)=CAPAC(N2)
IALF1(N2Pl_)=IALFl(N2)

i IALF2(N2P1') =IALF2(N2) N---
IALF3(N2P1)=1ALF3(N2)	 f.,
IALF4(N2P1)=IALF4(N2)'



,rte —

1

2260 CONTINU A
–s CAPAC(NN)=CAP'

IALFI(NN)=iAlAR
IALF2(NN)=IA24R

' I ALF3 (NN) ='IA3AR	 9

I ALF4(NN)=IA4AR

2270 CONTINUE
N -N M
IF	 (CAP . GT.CAPMIN(i)) GO TO 22713

- DO 2274 N1=1.N	 --
IF	 lCAP-CAPMIN ( N1)) 2272r2274t2274

2272 NN=N1
GO TO 2275

2274 CONTINUE	 f
2275 CONTINUE X

• NMINNN=N–NN	 ,

'
00 2276 NOP=1 a NMI NNN
N 2=N–NOP
N2P1=N2+1
CAPMIN(N2P1)=CAPMIN(N2)
IALFM-l(N2P1)=IALFMI(N2)

M IALFM2(N2P1)=IALFM2(N2)
y IALFM3(N2P1)=IALFM3(N2)

IALFM4 ( N2P1) = IALFM4 ( N2)	 ^--=_ 2276 CONTINUE
CAPMIN(NN)=CAP
IALFMl{ NN) = IAlAT2
I ALF M2 ( NN) = IA?_AR
I ALFA3( NN )= I A3 AR
IALFM4(NN)=IA;4AR

t 2278 CONTINUE	 L
2280 CONTINUE
2285 CONTINUE
22 . 0 CONTINUE'
2295 CONTINUE

C
C
C	 MAIN PROGRAM CASE	 C
C
C-, ANGL

E
S GENERATION	 {

C t
DO 2395  I1=1,8
Ell=F'LOAT(II-1)
A –PALF-DALF*E11
IAlAR=IPALF–IOALF#(I1-1)	 x
I LPLSI=I1--+1	 ^—

{ 00 2390	 12=11,19	 N
E21=FLOAT (22-1)

3
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WA

i

A2=PALF—DALF*E21
I A2AR= IPA LF-IDALF*( I2-1 )

`sI2MIh —I2-1
DO 2385 13=I1PLS1't9	

IF31=FLOAT(I3-1)
A3=PALF—DALF*E31
2A3AR=IPALF—IDALF*(13-1)
I3PLS1=13+1
DO 2380 I4=I3PLS1,I2MINI	 R

E41=FLOAT(I4-1) •
A4=PALF—DALF*E41

= P	 F- D	 F	 4-AR	 A	 A	 I	 irAa	 I	 L	 I	 L	 t	 )
c jC AIRCRAFT	 1	 AND	 2
C

VS=VKT(1)/3600•
VF=VKT(2)/3600•

_ AMI =VS/VF
vAMAF=GAMAl2)
GAMAS=GAMA(1)
#SETA=GAMAF—GAMAS	 i
OELT'SS=DELTA (1 l 1).---''
DELTFF=D€LTA(2t2)
DELTSF=DELTA (1 t 2)	 ?'
DELTFS=DELTA(2t1)
AS=A1
AF=A2'	

—I .AFAR= I A2AR	 —
IASAR=IAlAR
COAS=COS(AS)
COAF=COS(AF)
COASAF=COS(AS—AF)
AMAS=AMI**2-2 *AMI*COAS+l •
AMAF =AF1 I **2-2, #AM I *COAF+1 •
AMA SAF=AM I *#2-2 *AM I *COASAF+1
CALL SDOSF
CALL- SDOFS'	 -----
CALL SOOFF

CALL'SOOSS	 —	 ----

CALL DOT'
TT(1'v1)=TSS
TT(112)=TSF
TT(2<t 1) =TFS
TT(2#2)=TFF

C
C AIRCRAFT	 i	 AND	 3	 sC

' VS=VKT(;1)/3600•

i

4

_	 w



VF=VKT(3) %360-0-.
AMT'=VS /VF
GAMAF=GAMA(3 )
GA MAS=GAMA(1 )
BETA=GAMAF—GAMAS
DELTSS=DELTA(Ill)
DELTFF=DELTA(393)
DELTSF= DELTA(1 i3 )
DELTFS=DELTA(3s1)
AS=A1
AF=A3,
TAFAR=TA3AR
I ASAr^= A 1 AR
COAS=COS(AS)
COAT=COS(AF)	 r
COASAF=COS(AS—AF)
AMAS=AMI**2-2.*AMI*COAS+1.
AMAF=;AMt**2-2+*AMI*LOAF+1 •
AMASAF=AM I* * 2-2 * *AMI*COASAF#1 •
GALL SDOSF
CALL SDOFS
CALL SDOFF
CALL SDOSS
CALL DOT
TT(l ♦3)= TSF
TT(3,91)=TFS
TT(393)=TFF	 1

C
C AIRCRAFT 1 AND 4
C

VS=lKT(1)/3600.
VF=VK'T(4)/3600•
AM I=VS/VF
GAMAF=GAMA(4)
GAMAS=GAMA(1)
BETA=GAMAF—GAMAS
DELTS'S=DELTA(1 91)
nil TFf'nnFt TA ! A _A l



AMAF=AM:I**2-2.*AMI*COAF+I.
AMASAF=AM I**2-2:*AM`I*COASAF+
CALL SDOSF
CALL SDOFS
CALL SOOFF
-ALL SDOSS

i	 CALL DOT
i'	 TT(1•4) =TSF

TT(4 r 1 )-=TFS
TT{49;4)=TFF

C
C AIRCRAFT" 2 AND 3

VS=VKT(2)/3600,
VF=VKT(3)/3600.
AMI=VS/VF
GAMAF=GAMA(3)
GAMAS=GAMA (2 )
BETA GAMAF-GAMAS
DEL TSS= DELTA (2,2)
DELTFF=DELTA(31:3)
D LTSF=DELTA(2 ,3)
DELFS=DELTA (3 9 2 )
AS=A2
AF=A3
IASAR=IA2AR
IAFAR=IA3AR
COAS=COS(AS)
COAF=COS(AF)
COASA,F=COS(AS-AF)
AMAS=AVI**2-2,*AMI*COAS+1
AMAF=AMI*-*2-2.*AMI*COAF+:l_• -
A.MASAF=AM I **2-2. *AM I*COASAF+1 .
CALL SDOSF
CALL SDOFS
CALL :SDOFF
CALL SDOSS
CALL DOT
TT(293)=TSF,
TT(3,2)=TFS

C AIRCRAFT _;2 AND 4
C

VS=VKT'(2)/3600.
VF=VKT.(4) /3600.
AMI=VS/VF	 t^
GAMAF=LAMA (4) 	 r
GAMAS=GAMA'C2)

.	
^^ +mm.e,.aal3r:M.v =K +sa:» _...:.;,..a.,-a,a..:>.k4m+^=er*^ier:r^cts.s.At!vn.+sn	 '. }#lN6MFydK`	 ,



IAFAR=IA4AR
COAS=COS(AS)
COAF=COS4AF)
COASAF=COS(AS-AF)
AMAS=AMI#*2-2•*AMI*COAS+l•
AMAF=A;M I *#2-2 .* AM I'*,COAF+1
AMASAF'=A r**2-2**AMi*COASAF+i•
CALL SDOSF
GALL SDOFS
CALL SDOFF
GALL SDOSS
CALL DOT
TT(294)=TSF

C
TT(4^2)=TFS

C AIRCRAFT 3 AND 4
G	

•

VS=VKT(3)/3600.
VF`=VKT( 4)/36000

i	 AMY=VS/VF
GAMAf GAMA(4)
CAMAS=GAMA(3)
BETA=GAMAF-GAMAS

!,.

	

	 DELTSS=DFLTA(313) 	 z

DELTFF=DELTA(4t4)
DELTSF=DELTA( 3 1 4 )
DELTFS=DELTA(4t:3)
AS=A 3

i	 A F= A 4,
IASAR=IA3AR
EAFAR=IA4AR
COAS=COS(AS)	

•---

COAT=COS(AF)
COASAF=COS(AS-AF)
AW'AS=AMI**2-2 •*AMI#C-CAS+I.
AMAF= AM I *'2-2 * *AM I *COAF+ l
AMASAF=AtAiM*2-29*AMi*COASAF+l.
CALL SDOSF N
CALL SDOFS
CALL SDOFF



No 11 1

CALL SOOSS 3

CALL DOT
TT(3 4)=TSF
TT( 493)=TFS^C

C	 MEAN INTERARR'IVAL TIME

C
TBAR=O.
DO 2320 I=11M
LS O 2310	 J=1 g M
Tt3AR=T3AR+ vI T (I 9J) *PP(I v,J)

2310 CONTINUE	 -2320 CONTINUE
f CAP=3600./TBAR

N=NMF.
IF (CAP.LT.CAPAC(N)) GO'TO 2370

t DO 2350 N1=19N
IF -( ,CAP-CAPAC(N1)) 235092350,2340

2340 GQNTINUE
NN=N1
GO TO 2355

2350 CONTINUE
2355 CONTINUE

NM.I NNN=N-NN
DO 2360 NOP= 1 # NMINNN
N2=N-NOP

?! N2P1=N2+1
F" CAPAC(N2P1)=CAPAC(N2).
P IALF1(N2P1)=IALF'l(N2)

I ALF2(N2P1)=IALF2'( N2)
N IALF3(N2P	 )=IALF3(N2)
- IALF4(N2P1.)=IALF4(N2)

2360 CONTINUE
CAPAC (NN)=CAP i

IALF1(NN)=[AlAR
I ALF 2 (NN) = I A2AR
IALF3(NN)=IA3AR

t IALF4(NN)_IA4AR' I
2370 CONTINUE

N=Nh4
k IF (CAP.GT.CAPMIk(N)) GO TO 2378

_ DO :2374 NI=IjN
IF	 (CAP-CAPMIN(N1)) 2372,2374,23744

2372 NN=N1
GO TO 2375

2374 CONTINUE
2375 CONTINUE

NMINNN=N-NN

..	 • ::,;^'k..^^ =aartw^wna+,;e ;ia	 -gym	 n..R€:^wr_y m>;;+,* :	 r^. 	 ,.
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00 2376 NOP=I ♦ NMINNN
N2=N--NOP
N2Pl=N2+1y CAPMIN(N2P1)=CAPtrIN(N2)
I ALFA 1 (N2P1)=I ALFMl (N2 )
IALFM2(N2P1)=IALF'M2(N2)
IALFM3(N2P1)=IALFM3(N2)'
IALFM4(N2P1)=IALFM4(N2)

2376 CONTINUE
CAP,MININN)=CAP
IALFMl(NN)=IAIAR

' IALFM2(NN)=IA2AR
IALFM3(NN)=IA3AR
TALFM4(NN)=IA4AR

2378 'CONTINUE
2380 CONTINUE
2385 CONTINUEw
2390 CONTINUE

' 2395 CONTINUE
C
C
C MAIN PROGRAM CASE	 D
C
C ANGLES GENERATION
C

;DO 2495 11=199
Ell=FLOAT(L1-1)
Ai=PALF-DALF*Ell
1AlAR=PALF-IDALF*(11 -1)

IIIPLSI=11+1
00 2490 '12=12	 19 l
E21=FLOAT(12-1)
A2=PALE --DALF *E21
IA2AR_IPALF- IDALF*(12-1) Y
I2MINi=I2-1
DO 2485 13=1 1 ♦_12 NI I N 1

' E31=FLOAT(13-1)
A3=PALF-DALF*E31
IA3AR=IPALF-IDALF*( "3-1 )
13MIN1=13-1
DO 2480 I4=IlPLS1013MIN1
E41=FLOAT(14-1)
A4=PALF-DALF*E41
I A4AP=I PALF=I DALF*( 14-1

C
C AIRCRAFT	 1	 AND	 2
C tN

VS=VKT(11/3500. 00



i

VF=VKT(2)/3600•
AMI'=VS/VF
G'AMAF=GAMA(2 )
CAMAS=GAMAt1)
BETA=GAMAF-GAMAS
DELTSS=DELTA{1^1)
DELTFF=DELTA(2,2)
DELTSF=DELTA(1 #2)
DFLTFS=DELTA(2 1 1 )
AS-=A1
AF=A2
I AFAR= IA2AR
[ASAR=IAIAR
C OA S=COS'( A'S)
COAF=COS(AF)
COASAF=COSC'AS-AF)
AMAS=AM I**2-2* *AMI *COAStl •
AMAF=AMI*#2-2**AMI*LOAF+l•
AMASAP=AMI**2-2.'^AMI*COASAF+l.
CALL'SDOSF
CALL SDOFS

j'	 CALL SDOFF
CALL SOOSS
CALL DOT	 -TT(1,1)=TSS
TT'I1,2)=TSF
TTY 2 1p 1)=TFS
TT(212)=TFF

C
C	 AIRCRAFT 	 1_	 AND	 3
C

VS=VKT( 1) /3600. _	 1
Vr=VKT13)/3600.
A,iMI=VS/VF
GAMAF=6AMA`(3)
CAMAS=GAMA(1)
£SETA=GAMAF-CAMAS ^
0ELTSS=OEL.TA(1 v1 )
OF_LTFF=DELTA (3 , 3 )
DELTSF= Dt--LTA(113)-
DELTFS_OELTA(3 1 1 )
AS-A1
AF= A3
[AFAR=IA3AR
t ASAR=t Al ArZ
COAS=COS(AS)
LOAF=COS(AF)
COASAF=COS( AS-AF) -;

a:u4xc:.Y.Hdu1i<x.uk a_.,: i.. 	 c...aA:au.^d'yjy,.is.„av +.if.'3dntSul::p!,	 •	 .,.	 .—	 .... _.^1. 	 _.	 'BBB tYASa#iIN6Rh <_
.iLy



^L f

AMAS=AM I **2-2 •'S AM I*COAS+I •
A,MAF=AMI**2-2 * *AMI*LOAF+l •
AMASAF=AM1*#^=2	 AM[ G3ASAF+1•

! CALL S.D.OSF __
CALL SDOFS

CALL 'SDOF F
CALL SDOSSr.
CALL DOT
TT..3)=TSF
TT(3,1)-=TFS
TT1313)=TFF

C AIRCRAFT	 1	 AND	 4
Cy_ VS=VKT.(1) /3600•

VF=VKT(4)/3600
AM'i,=VS/VF

s GAMAF=GAMA(4)
CAMAS= GAMA(1)
BETA=GAMAF—GAMAS
DELTSS=DELTA( 1 1 1 )
DELTFF=DELTA(414)
DELTSF=DELTA (1 14 )'

v DELLTFS=DELTA(41 1 )
AS=A1
AF=A4
IAFAR=IA4AR
IASAR-IAIAR
COAS=COS(AS)
COAF=COS(AF)
COASAF=,COS(AS—AF) 	 9
A,MAS=AM I **2-2 • *AM I *COAS+1 •

> AMAF=AMI**2-2•*AMI*COAF+1. 	 _-
AMASAF=AMI**2-29*AMI*COASAF+1•
CALL SDOSF
CALL SDOFS
CALL SDOFF
CALL SOOSS.
CALL DDT
TT(1,4)=TSF
TT-(411)=T'FS
TTt4,4)=TFF

C
C AIRCRAFT	 2	 AND	 3
C

V S=V KT'(2) / 360 0.	 N
VF=VKT (3) /3600.	 ^'
AMT=VS/VF

t
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,j

GAltAF=G'AMA(3)
GAMAS=GAMA(2)
BF_TA=GAMAF-GAMAS

,.	 DELTSS DELTA(2 1 2) -
DE'LTFF=DELTA(3#3)
DELTSF=DELTA ( 2 1 3 )
DELFS=DELTA(3 * 2 )
AS=A2
AF=A3k	
IASAR=IA2AR
T AF'AR-I A3AR	 _..
COAS=COS(AS)	 3
COAF=COS(AF)	 t
COASAF=COS(AS—AF)

I:	 AMAS=AM I **2-2. *AMI *COAS+1 .
AMAF=A'MI**2-2.*AMI*COAF+1•
AMASAF=AMI**2-2.*AMI*COASAF+1.
CALL SDOSF

i. CALL SDOF S
CALL SDOFF
CALL SDO.SS
CALL DOT
TT(213)=TSF._	 --- --TT(3t2)=TFS

C
{	 C AIRCRAFT _2 AND 4

'	 C VS=VKT(2)/3600.
VF=VKT(4)/3600.

E	 AM I'=V S/ VF

GAMAF=GAMA{4)
GAMAS=GAM,A (2)
BETA=GAMAF—GAMAS
DELTSS=DELTA(212)
DELTFF=DELTA(414)
DELTSF=DELTA(2v4)
DELTFS=DELTA(4#2)
AS=A2,
AF=A4
IASAR=IAZAR
IAFAR=IA4AR
COAS=COS(AS)
COA `=COST AF)
COASAF=COS(AS—AF)
AMAS=AMIa`^2-2.- At-ll *COAS+T.
AMAF=AMI*#2-2.*AMI*COAF+I •
AMASAF=AMI**2-2.*AMI*COASAF+1.
CALL SDOSF



--

i

1

CALL SOOFS
CALL SDOFF
CALL SOOSS
CALL DOT
TT(2,14)=TSF
TT(412)=TFS

G,
C, AIRCRAFT	 3	 AND	 4

VS=VKT(3)/36OQ.
VF=VKT(4) /3600.
AMI=VS/VF
GAMAF=GAMA(4)
GAMAS=GAMA(3)

F BETA=GAMAF—GAMAS

'
DELTSS=DELTA(313)
DELTFF=DELTA(4*4)
DELTSF=DELTA(394)
DELTFS=DELTA(493)
AS=A3
AF=A4
I ASAR=I A3AR
IAFAR=IA4AI2
COAS=COSC AS)
COAF=COS(AF) f

k COASAF=COS(AS—AF)
AMAS=AMI**2-2.#AMI #COAS +1,
AMAF=AMI**2-2. *A;aI*COAF+1. -

E AMASAF=AMI"**2-2.*AMI*COASAF+l`•
CALL SOOSF

t CALL SDOFS

4
CALL SDOFF
CALL SDOSS
CALL DOT
TT (3 # 4,) =T SF

G ! TT(4p3)=TFS

C MEAN INTERARRIVAL TIME
C'

TBAR=O.
DO 2420 1=1#M
DO .2410 J —ljM
TBAR=TSAR+TT(I ♦ J)*PP(°I q J);

2410 CONTINUE
i2420 CONTINUE

CAP=3600./TBAR NN=NM N
IF (CAP.LT.CAPAC(N))`GO TO 2410



vv rr

DO 2450 N1=211N 
IF (CAP —CAPACCNI))	 245092.450v_2444

2440 CONTINUE
NN=N 1
GO TO 2455` 2450 CONTINUE

—2455 CONTINUE	 --- -----	 --- ----
NMINI=N-1
NMI NNN=N°r-NN
DO 2460 NOP=I,NMINNN,'
N2=N—NOP
CAP'AC(N2PI)=CAPAC(N2)
IALF1(N2P1)=IALF1(N2) !
IALF2(N2P1)=IALF2(N2)
IALF3(N2P1)=IALF3(N2)
IALF4(N2PI)=IALF4(N2)

' 2460 CONTINUE
E CAPAC(NN)=CAP

f

IALF1(NN)=IA1AR
I ALF, (NN )= I A2AR
I;ALir 3(NN) =I A3AR
IALF4(NN)=IA4AR

2470 CONTINUE
N=NM
IF (CAP.GT.CAP MIN(N )) GO. TO 2478

F DO 2474 N1'=11N
IF (CAP-CAPMIN(N1)) 2472t2474y2474

2472 NN=N1 ir
GO TO 2475

2474 CONTINUE
2475 CONTINUE

NMI,NNN=N—NN
DO 2476 NOP=1INMINNN
N2=N-NOP

N2-P1=N2+1
i

CAPMSINM2P2)=CAPMIN(N2)r I ALF M 1 ('N 2 P I) = I ALFM'1(N2 )
IALFM,2(N2P1)=IALFM2 (N2)
I AL'FM3(N2P2 )= I ALFM3 y N2 )
IALFM4(N2P1)=IALFM4(N2)

2476, CONTINUE a

CAPS; I N (NN) =CAP
IALFMI(NN)=1AIAR
I ALPM2('NN) =I A2AR	 — -
IALFM3(NN)=IA3AR
I ALFM4(NN)=IA4AR

2478 CONTINUE w
2480 CONTINUE

_ 	 . _•	 •rfi'31e14+w-_'YWg:+xWM'4:v.4Ne^Agith'ya{Nar: kC5!Wr'4:»stMi+n!itkia a.« r,':	 titiliKNftl?GPYWY+.M.-	 _.
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2485 CONTINUE	 a	 E
2490 CONTINUE
24 .95 CONTINUE

C
C

}

C	 PRINTING RESULTS
C

PR'I'NT 4050
4050 FORMAT(`1H1j/// 13X * *MAXIMAL CAPACITY-OPTIMAL-ANGLESr,////)'

PRINT 4100
4100 FORMAT(14X t *CAPACITY% 1 5Xi ALFAI*15X,*ALFA2*v5X,*ALFA3*1

15M,*ALFA4*1///)
00 4150 NP=19NM
PRINT 4151INP,CAPAC(NP)sIALF1(NP)*IALF2(NP),IALF3(NP),IALF4(NP)

4151 FO:RMAT15X,159F10e3,4110)
4150 CONTINUE

PRINT 4250
4250 FORMAT(iHls/// t 13X j *MINIMAL CAPACITY —THE WORSE ANGLES*t////)

- PRINT	 4100	 p
00 4260 NP=1,NM
PRINT 4151,NP,CAPMIN(NP)tIALF;M1(NP) ♦ IALFM2(NP)IIALFM3(NP)I

1 I ALFM4 (NP
4260 CONTINUE	

t

GO TO 9999
STOP
END	 ---	 -.-_	 --_	 -- --	 —
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_ a

CAPSF

90 80 70 60 50 40 30 2^ l0 0

90 359 215 -t - 1 -1 -I -2 -1 -f -f -L

80 36.000. 37.996 -1

-;

p 70 37.384 38.705 40.054

60 39.539 39.944 41.108 41.608 -1 -1 -1

50 399482 40.958 429183 43.189 42.730

40 399950 41.460 42.718 43.749 44.581 43.432 -I

40.285 41.823 43.101 44.151 44.998 459553 439954 -1

20 40.518 42.074 43.368 44.432 45.290 459957 46.061 44.306

30 40.556 42.223 43.526 44.597 45.462 '46.134 46.616 46.385 44.493 -f

0 40.701 429272 43.573 44.652 45.519 46.193 459676 45.92 46.530 449519
i -10 40.656 42.223 43.526 44.597 45.462 46.134 46.61:6 46.866 B	 46.951 45.499

-20 40.518 42.074 43.368 i44i432 45.290 45.957 46.435 46.683 46.770 46.797

it -30 :--.40.285 41.823 -43.101. 44..151 44.998 45.657 46.12_9 46.374 46.459 46.483F
-40 39.950 41.462 42.713 43.749 44.591 13' 45.227 45.690 4509,30 45.014 46.042

I -50 39.482 40.958 42.1,3' 43.189 43.999 44.628 45.079 45.313 45.394 45.421

-5C 33.539 39.944 41.108 $;' 42. 0621 42.331 43.427 43.853 4:1.075 44.152 44.178_
4 -70 37.394 38.705 39.797 40.591 41.409 41.966 42.365 42.571 42.543 42.667

-80 36.000 ^^^_37.223 33.232 39.057 39.718 40.231 43.596 c0. 785 40.952 46.R74

-9? 34.364 35.476 36.392 37.139 37.735. 38.198 38.52.7 35.596 33.757 38.777

t

N
IE 00

wtt-



r

0 s F

90 80 70 60. 50 40 30 20 to 9

90 4.21728 -I	 : -1 -I -1 -i -1 -i
87- 4.05947 30921)39 -1 -1 -1 -t -1 -I
70 3979769 3.79769. 3.58948 - I -1 -I -I -I -[ -'T

60 3*59420 3.59420 3.59420 395t060 -I

53 3.43770 3.43770 3.43770 3.43770 3.42357
3.42857 3.42857- 3.42857 3.42857 3.42857 3942857 -I -1 -1 -1

30 3.42.357 3.42957 3.42857 3.42857 3.42857 3.42857 3.42857 -1 -I -1
{ 2 3042857 3.42857 3.42857 3.4?.857 3.42857 3.42857 3.42857 3. 42 857 -1 -1

17 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857' 31942857 -I

3 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857' 3.42857 3.42857
-1?- 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857 3.42857

` -20 3.42857 3.42857 3.42857 3:42857 3.42857 3.42857 3.42857 3042857 3.42857 3.42857
-30 3.42.857 3.42857 3:42857 3.42357 3.42357 3.42857 3.4.285T 3.42857 3.42857 3.42857
-40 3.42857 3.42857 3:42357 3.42357 3.42857 3.42857 3.42357 3.42857 3.42857 3.42857

r -50. 3.43770 3.43770 3.43770' 3.43770 3.43770 3.43770 3.43770	 ! 3.47770 3.43770 3.43770
-60" 3.59420 3.59420 3.S942C 3.59420 3.59420 3.59420 3.59420 3.59420 3.59420 3!.59420 i

3.79769 3.79759 19769 3.79769 3.79769 3.79769 3.79769 3.79769 3.79769 3.7976q
-80 4.05947 4.05947 4905947 4.05947 4.Cl'5947 4.05947 4.05947 4.35947 4.05947 4.05947
-9'0	 - 4.39672 4.39672 4-.39672 4.39672 4.39672 4.39672 4.34672 4.39672 4.39672 4.39672
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C>

INDXSF

90 so 70 60 so 40 30 20 1 tl 0

2112 R R R R R

80 2112 2112 R R R R R R Ct

2. 12 2112 2112 R R R R q R

6^ 21 12 2112 2112 2112 R R R R R R

50 2112 211 12 2112 21. 12 3112 R R R

31 IZ I t 2 3! 12 3112 3112 3112 p R R R,

30 3112 3112 3112 3112 3tl2 3112 3112 R p

26 3111 3111 3i 1 1 3111 3111 3ill 3111 3111 R

10 31, 1 1 3111 3111 3111 3111, 3111 3 3111 3111 q

0 '3111 3111 3111 ^3tll 3111 3111 3111 3111 3111 3111

-10 3111 3111 -31 t 1 3111 31tl 3111 3111 3111 -5 -3111

-20 3111 3111 3til .3111 3111 3111 3111 3111 3111 3111

-30- 3112 31 12 Z-1 12 3112 3112 3112 3112 3112 3112 31.12

-40 3112 3112 311 2 3112 3112 3112 3112 31 12 3112 3112

-50 2112 2112 2112 2112 2112 2L 12 2112 2112 2112 2112

-60 2112 2112 2112 2112 2112 2112 2112 2112 2112 2112

2112 2112 2112 21!2 2112 2112 2112 2112 2112 2112

-80 2112 2112 2112 2112 2112 2112 2112 2112 2,112

-9^ 2112 2112 2t12 2112 2112 211? 2112 2112 2112 2111.2

. . . . ......	 ...



DOFS

90 3*0 70 60 50 40 0 2C to 0

90 4*10360 -1 -1 -1 -1 -1 -1 -1 -1

BO 4*10360 3978834 -1 -1 -1 -1

70 4910360 3.788,84 3.69892 -1 -1 -1

60 4*IC360 3.78384 3.54451 3969892 -1 -1 -1 -1 -1 -1

50 4.10360 3.73a84 3*54451 3*35453 3.69S92 -i -1 -1 -1

40 4.10360 3.78934 3.54451 3.35458 3.20q52 3.69892 -1 -1 -1

31' 4.IC350 3.78384 3.54451 3.35453 3.20852 3*12904 3.69892 -1 -1 -1

20 4.10360 3.78884 3.54451 33.35458 3.20852 3.04993 3.12904 3.69892 -1 -1

13 4.1-036e-, 3.78884 3.54451 3.35453 320852 3.09993 3.02706 3.12904 3.69892

0 4.10360 3.78$84 3.54451 3.35458 3.;!0852 3.09993 -3.62706 3.00052 3.12904 3069892

-10 4.10360 3.78884 3.54451 3.35458 3.20852 3.09993 3.02706 3.00052 3912904

-20 4.10366 3.75834 3.54451 3.35458 3.20352 3009993 3.02706 3e00000 3.00052

4.ic360 3.78384 3#54451 3.35458 3.20852. 3.09993 3.02706 3*0000C 3.00000 30000"-;

-40 4.10360 3.788^84 3.54451 3.35458 3.210?52 3.04993 3.027C6 3.00000 3.00000 3.00000

-50 4.10350 3.78884 3.54451 3.35453, 3.20852 3.09993 3.02706 3.00000 3.00.00 3.c000G

-60 4.1C366 3.73884 3954451 3.35458 3.20-152 3004993 3.02706 :3900000 3900003 3.00000

-70 4.10360 3.7J3384 3.54451 3.35458 3.20852 3.09993 3.027-36 3.00CCC 3.0^1000 30001C.0

-83 4. 1^360 3,.78884 3.54451 3.35453 .3.20852 3.09993 3.02706 3.00000 3.30000 3.00003

-90 4.10350 3.73684 -3.54451 3.35458 3o2v'652 3.09993 3.02706 3.30000 3.00000 3.0O3000
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DOSS,:LNDXSS
y

90	 80	 70 60	 5C 40	 30	 20	 10	 0

4.24258	 . 3.91613	 3.66230 3.46408	 3.31012 3919253	 3.10582	 3*04628	 3-.0114.5_ _	 3.t?000C

1000	 1000	 1C00 1000	 1000 1000	 1000	 loco	 1000 	 1000 s
K

Y

1
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ter,
T

"DOFF

	

90	 80	 70	 50	 50	 40	 30	 20	 1C

k
^	 90	 4.05393	 - I 	 -I	 -3	 -I	 - L 	 -I	 -I	 -L	 =i
f

w	 80•	 3.91618	 3.78139	 -I	 -1	 -1	 -1	 -I	 -1	 -i	 -T

	

70	 3.66230	 3.66230	 3.55705	 -T

	6n	 3.46408	 3.46408	 3!.46403	 3.38213
t	 50	 3.3.012	 3.31012	 31.31012	 3.31012	 3.24717	 - 1 	 -1

	-0	 3.19253	 3.19253	 3.19253	 3.19253	 3.19253	 3.14558	 -1	 -L

	

3v	 3.10552	 3.10582	 3.10582	 3.10582	 3.i^j82	 3.10582	 3.07284	 -1	 -L	 -1

`	 20	 3.04523	 3.04628 	 3.04628	 3r04-628 -3.04628	 3.04628	 3.04628	 3902589

F ,	i0	 3.01146	 3.01145	 3.01146	 3.01146	 3.01145	 3.01146	 3.01146, 3.01146	 3.00286	 -1

	

0	 3.00000	 3.00000	 3.00000	 3.00000	 3.00:1100	 3.00000	 3.00000	 3.00000	 3.00000	 3.00286

	

-10	 3.01145	 3.01146	 3.01146	 3.-01146	 3.01146	 3.01146	 3.01146	 3.03146	 3.01146	 3.01145

	

-20	 3004628	 3.04628	 3.04623	 3.04523	 3.0 4628	 3.04628	 3.04526	 3.04623	 3.04623	 3.C4628

	

-30	 3.10532	 3.10582	 3.10532	 3.10582	 3.10582	 3.10582	 3.10532	 3.10582	 3.10582	 3.10582 1

	

-40	 3.19253	 3.19253	 3.19253	 3.19253	 3.19253	 3.192531 3.19253	 3.19253	 3.1'4253	 3.1253

	

3..31012	 3.31012	 3.31012	 3.31012	 3.31012	 j

	

-50	 3.31012	 3.31012	 3.3101	 3.31912	 3.31712.	 :.	 ^

	

-53	 3.464033	 3.46408	 3.46408	 3.46408	 3.46408	 3.464Cd	 3.46408	 3.46408	 3.46403	 3.46403	 {i

	

-70	 3.66230	 3.66230	 3.66230	 3.66230	 3.65230	 3.66230• 3.66230	 3.66230	 3.66230	 3.66230

	

-30	 3.91618	 3.91613	 3.91618	 3.91.618	 3091618	 3.91618	 3.91518	 3991618	 3.91618	 3.91618

	

_yn	 4924253	 4.24258	 4.24258'	 4.24258	 4.24258	 4.24258	 4.24258	 4.24258	 4.2.4258	 4.2425Q

a

W

J

i



mt	 ^

2

j	 INDXFF

	

90	 SO	 70	 60	 SO	 40	 30	 20	 10	 0

	

40	 1000	 R	 R	 R	 R	 R	 R	 R	 p	 R

	b^	 loco	 1000	 R	 R	 R	 R	 R	 R	 R	 R
`

	

70	 1 000	 1000	 i OOC	 R	 R	 R	 R	 R	 R	 R

	bC	 1000	 1000	 1000	 !000	 R	 R	 R	 R	 R	 R

	

60	 1000	 1000	 1000	 1000	 1000	 R	 R	 R	 4	 R

	

40	 1000	 1000	 1000	 1000	 1000	 1000	 R	 R	 R	 R

	

30 	 1000	 1000	 _1000	 1000	 1000	 1000	 1000	 R	 R	 R

	

20	 ICOO	 1000 	 1000 	 1000	 10+J0	 1000	 1000	 1000	 R	 R

	

10	 11300	 1000	 '	 1000	 !`000	 1000	 ICCO	 1000	 1000	 1000	 R

	c	 ICOO	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 1000

	

-to	 1000'	 1000	 1000	 1000,	 1000	 1000	 1000	 1000	 1000	 1000

	

-20	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 IOOC

	

- . 0	 1000	 1000	 1000	 1000	 1000	 loco	 1000	 1000	 1000	 1000

	

40	 1000	 1000	 1000	 1000	 1000	 10001 	 ico0	 1o0C	 ICoc	 1000

	

-50	 1100	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 1000	 1000

	

-60	 1000	 1000	 t000	 1000	 1^00	 1000	 1000	 1000	 1000	 1L0O

	

-70	 1000	 lcv0	 10^0	 1000	 loin	 1000	 1000	 loco	 1^00	 1000

	

-130	 1000 	 1000:,	 1000	 1000	 1000	 loco	 1000	
10,10
	 100L	 lono

	

90	 2000	 1,000	 1Co0	 1000	 1.000,	 1000	 1000	 1000	 1000	 1000
a

N	 j
'	 Wr	

L

E..	 IAa^1A	 v.w.Jri;a..,...... 	 ., _.........^,:	 .......Y ..	 .,__.	 ...	 ..	 ., _..,	 :... .. .,,	 a..^_,_....^_..,.._u ...e._.,....,._......., ^ ....... ......_............a_..	 ^w.._...._...... ^.... 	 _.^.a..wrru





VF = 1S0.00

VS = 140.00
.

MI =	 .93333

GAMAF =	 4.00

GA"AS =	 4*00

BETA =

{	 DE'L i SS -	 3.CQ

DELTSF =	 3.00

DEt_TFS =	 3.00

DELTFF =	 3.00

PF =	 .50

PS =	 .40 Q

^

1

NW

t

v

t



a

GAP SF

	

-	 a

90	 80	 70	 60	 50	 40	 30	 2C	 10	 C

	

90'	 35. 215	 -I	 -t	 -I

	80	 369000	 37. 996 	 -1	 - i

	

70	 37.334	 38.705	 40.054,	 -1

	

60	 389539	 39.944	 41.108	 41.608

	

561	 39.482,	 40.958	 42.183	 439189	 42.887

	

40	 40,22E	 41.759	 43.033	 44.080:	 44.925	 43.867	 -1	 -I	 I	 -1

	

713	 40.659	 42.226	 43.530	 44.601	 45.466	 46.032	 44.400	 -1	 -1	 -I

	

20	 4098Q7	 42.483	 43.802	 44.888	 45.763	 46.4451q

46*

	 .59	 -1	 -1

	

10	 41.037	 42.634	 43.963	 45.057	 45.939	 46.626 	 46.882	 52	 -1

	

0	 41.084	 42:684	 44.016	 45.112	 45.997	 46.686 	 47.433	 47.030	 44.977

	

--10	 41.037	 42.634	 43.963'	 45.057	 45.939	 46,626 	 47.373	 47.461	 46. 98'

	

-20	 40.897	 42.483-	 43.802_	 44.883	 45.753	 46.445 	 47.186	 47.275	 47.30

	

-30	 40.659	 42.226	 43.530	 44.601	 45.456	 46.138	 46.620	 .370	 06.95'3	 415.987

	

-a?	 40.225	 4:.759	 43.033	 44.CS0	 44.925 7^ 45.581	 46.051	 46.295	 46.	 .409

	

-50	 39.482	 40.958	 42.1133	 43.189	 43.9?9	 44.628	 45.079	 45.313	 45.314	 45.421
II

	-6^	 3?3.539	 39.944	 41.108 A 42.062	 42.831	 43.427	 43.853	 44.075	 44.152	 44.173

	

-70	 37.364	 33.705	 39.797 	 40.591	 41.409	 41.966	 42.365	 42.571	 42.643	 42.667

	

-82	 36.000 "' 37,.223	 38.232	 39.057	 39.719	 40.231	 40.596	 40.786	 40.852	 40.874

	

-90	 34.354	 35.476	 3+.392	 37.138	 37.735	 38.198	 33.727	 38.618	 38.757	 38.777

1
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00
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W
t0

C	 DC SF

90	 80	 7 	 60	 50	 40	 30	 20
	

10	 0

e	 90 4.21726 -t -I -I

80 4.05947 3.92039 -I -I
70 3.79769 ' 3.79769 3.68948 -1 -t -1- -I -1 -1 -!
60 3.59420 3.59420 3.59420 3.51060

50 3943770 3.43770 3.43770 3.43770 3937477 -'i.
F

4Ct" 3.32135 3.32135 3.32135 3.32135- 3.32135 3.23571

30 3.28571 3.28571 3.28571 3.28571 3.28571 3.23571	 --.3.28571 -1 -I -i
20 3.23571 3.28571 3.28571 3.28571 3.28571 3.23571 3.25571 3.28571 -I -I
10 3.28571 3.28571 3.28571 3.28571 3.28571 3.28571 3.23571 3.28571 3.23571 -

F

0 3.28571 3.28571 3.28571 3.28571 3.28571 3.29.571 3.28571 3.28571 3.23571 3.28577

u	 -10 3.28571 3.29571 3.28571 3.28571 3.28571 3.20571 3.28571 3.28571 3.28571 3.21'571
-20 3928571 3.23571 3.2357I 3.2.8571 3.28571 3.23571 3.2$571 3.2d571 3.23571 3.22'571
-30: 3.2RS71 3.2.9571 3.2Ea71 3.28571 3.29571 3.23571 3.28571 3.28571 3.28571 3.255•'1

w '	 -40 3.32135 3..32135 3.32.135 3.32135- 3.32135 3.32135 3.32135 3.32135 3.32135 3.32135
-50 3.43770, 3.43770 3.43770 3.43770 3.43770 3.43770 3.43770 3.43770 3.43770 3.4_771
-60 3.54420 3.59420 3.59420 3-59420 3.59420 3.59420 3.59420 3.59120 3.59420 3.591 20

'	 -70 3.79769 3.79769 3.79769 3.79769 3.79769 3.79769 3.79769' 3.79769 3.797K9 3o7o75q

-f?0'
i

4.05947 4.05947 4.05947 4.05947 4.05947 4.05947 4.05947 4.05947 4.05947 4.06947
3	 -9C 4.39672 4.39572 4.39672 4.39572 4.39672. 4.39672 4.39672 4.39672 4.39672 4.39672
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DOF S

90 80 70 60 50 40 30 20 10 0

90 4.10360 -I -I -I -i -L -I -I -t -1

8C 4.10360 3.78884 -T -i -:' -i -[ -I -I -L

70 4.10360 3.78884 3.69892 -[ -i -I -I -t
(i

6 1-1 4.10360 3.78884 3.54451 3.69892 -1 -i -L -1

50 4. 1C 360 3.78834 3.54451 3.35458 3.69892 -1 -I

40 4.10360 3:78884 3.54451 3.35458 3.20852 3.69892 -t

30 4.17360 3.78884 3.54451 3.35458 3.20852 3.12904 3.69892 -1

' 20 4.10360 3.78834 3.54451 3.35458 3.20852 3.09993 3.12904 3.69892 -1 -I

1: 4.10350 3.78384 3.54451 3.35458 3.20852 3.09993-'' 3.02706 3.12904 3.69892 -'[

0 4.10360 3.78884 3.54451 3.35458 3.20352 3.09993 3.02706 3.00-052 3.12904 3.69892

-13 40.10360 3.78884 3.54451 3.35458 3.20652 3.09993- 3.02706 3.00000 3.00052 3.12904

g: -20 4.10360 3.78854 3.54451 3.35458 3.20852 3.09993 3.027C6 3.00000 3400010 3.0-^052

-30 4-.10360 3,78884 3.54451 3.35458 3.20852 3.09993, 3.02766 3.00000 3.00000 3.0-^0-^3

-40 4.10360 3.78384 _'-.54451: 3.35453 3.20852 3.09993 3.02705 3.00004- 3.00000 3.000-^?

--50 4.10360 3.78884 3:54451' 3.35459 3.20352 3.09993 3.02706 3.00000 3.000,10 3-.-.CfiO?

-60 4.10360 3.78884 3.54451 3*354503 3.20552 3.09993 3.02706 3.00000 3.00003 3,00000

-70 4.10360 3.78884 3.54451 3.35453 3.20852 3.09993.' 3.027C6 3.00000 3.00060 3.00000

-80 4.10360 3.78384 3.54451 3+35453 3.20852 3.09993 3.02706 3.300ck'
_
3.00000

1
3.00000

-90 4.10360 3.78884 3.54451 3.35453 3,.26.852 3.09993 3.02706 3.00000 3.COGOO 3.-^0000
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INOXFS

90 HO TO 60 50 40 30 20 10 0

90 2120 R R R R R R R R R

s0 2120 212C R R R R R R R R

70 2120 2120: 1020 R R R R R R R

E; 2110 2120 2120 1020 R R R R r9 R

50 211,0 2110 2120 2120 1020 R R R R :<

40 2110- 2110 2110 2220 2120 1020 R R R R

3C 2110 211C 2110 2110 2120 1020 1020 R R 3

2^ 2110 2110 2110 2110 Zito 2120 1020 1010 a 9

is !0 2110 2110 2110 2110 2110 2110 2120 1010 1010 R

0 2110 2110 2110 2110 2110 2110 2110 101,0 1010 1010

-10 21 10 2110 2110 2tto 2110 2110 2110 4000 1010 1010
i

-20 2110 2110 2110 •2110 2110 1110 2110 4000 4000 1C10

-30 2110 2110 2110 2110 2110 2110 2110 4000 4000 411;00

-40 2110 2110 2110 2110 2110 2110 2110 4000 4000 4000

i -50 2110 2110 2110 2110 2110 2110 2110 4000 4000 4000

-6C 2110 2110 2110 2110 21to 2110 2110 4000 4C0o 4000 1

-70 2110 2110 21to 2110 2110 2110 2110 4000 4000 =^Ooc

-90 2110 2110 2110 2110 2110 2110 2110 4000 4000 4001

-90 2110 2110 2110 2110 2110 ?_110 2110 4000 4000 400.
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DOFF

	

93	 80	 74'	 60	 50	 40	 30	 20	 1C	 0

	90	 4.06893
e	

80	 3 . 91618:	 3.78139	 - I 	 -i	 -I	 -T	 _ I 	 -t	 -I	 -I

	70	 3.66230	 3.6623C	 3.55705	 -i	 -1-	 -1	 -I	 -1	 -1	 -I	 {

&	 50	 3,46408	 3.46406	 3.466-08	 3.38213	 -1	 -I	 -1	 -1	 -t	 -I

	

5C	 3.31012!	 3.31012	 3.31012	 3931012	 3.24717	 -I	 -1	 -1	 - 1 	-i

4	 .	 F	 9 3	 45 9	 -	 -	 -

	

40	 3.1 253	 3.19253	 3.19253	 3 192_3	 3.1 25	 3 1 5	 I	 I	 [	 1

	

30	 3.3C582	 3.10532	 3.105.32	 3.10582	 3.10582	 3.10582	 3.07284	 -I	 -I	 -1

	

20	 3.04623	 3.04628	 3.04628	 3.04623	 3.04628	 3.04628	 3.04628	 3.02589	 -1	 -I L
	10	 3.01146	 3.01;46	 3.01146	 3.01.146	 3.01146	 3.01246	 3.01146	 3901146	 3900286	 -I

	

s	 3.000,?0	 3.00000	 3.00000	 3.00000	 3.00000	 3000000	 3.03000	 3000000	 3000000	 3.00286

	

-10	 3.01146	 3.01146	 3.01146	 3.OtI46	 3.01146	 3.01146	 3.01146	 :3001146	 3.01146	 3.01146

	

-23	 3.44628	 3.04628	 3.04628	 3.04623	 3.04628	 3904628	 3.06-628	 3.04628	 3.0462-9	 3.04629

	

-30	 3.10582	 3.105 2	 3.10582	 3.10582	 3.10592	 3.10582	 3.LC582	 3.10582	 3.1.0582	 341-1582

	

-40	 3.19253	 3.19253	 3.-192'53	 3.19253	 3:49253	 3.19253	 3.19253	 3.19253	 3.192S3	 3.19253

	

-50	 33t012	 3.31012	 3.31012	 3.31012	 3.31712	 3.31312	 3.31012	 3.31012	 3.31012	 3.3101.2

	

-60	 3.46408	 3.46408	 3.46408	 3.46408	 3.46408	 3.46408	 3.46408	 3.464-08	 3.46408	 3.46408

	

-70	 3.66230	 3.66230	 3.66230	 3.65230	 3.66233	 3.66230	 3.66230	 3.662.30	 3.66230	 3.66230

	

-80	 3..91618	 3.91618	 3.91618	 3.91618	 3.91618	 3.91618	 3.91618	 3.41618	 3.91618	 3.91618

	

-90	 4.24258	 4.24258	 4.24258	 4.24258	 4.24258	 4.24258	 4.24255	 4.24259	 4.24258' 4.24258	 #
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1NDXFF

90 50 , 70 60 50, 40 30 20 10, 0

90 1000 R R R R R. R R R. R
30 1000 1000 R R R R R' R R rZ
7' 1000 1000 1000 R R R R R R R
60 1000 -1000 1000 1000 R R R R R R
^Q _loco 1000 1000 1000 1000- R R t? R R
40 1000 1COO 1000 1000 1000 1000 R R R

3G 10000 1000 1000 1000 1000 lo00 1000 R rt R

20 :1000 1000 100.0 loco 1000 1000 laOQ 1000 R t
10 loco 1000 1000 1000 1000 1000 1000 1000 1000 s
0 1000 1000 1000 1000 1000 1000 1000 1000 1030 1000

-,10 1000 1000 loco 1000 1000 1000 1000 1000 1000 ICOC S
-20 lane. :oco 1000 lcoo 1000 1000 lcoc 1000 loan 14 003 ^`-----

-30 1000 1000 1000 1000 1000 1000 1000 1700 1000 1000
-4o 1000 100C 1000 1000 *9000 ICOC loco 1000 1000 1000
-50 1000 1000 1000 1000 1000 Icoo i000 1000 1000, ICCO

,-
-60 10,410 leCc 1Coe 1000 1000 1000 1000 1000 1003 1000
-70 1000 1000 1000 1000 100O' 1000 1000 loco loco ICCC
_80 ICOO 1000 1000 1000 1000 1000 1000 1000 1000 1000
-93 1000 1000 1000 1000 1000 1000 3000 1000 1000 1000

z
N
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l





INPUT +DATA

VKTI = 100.00 	 GAM'A1 = 2.00 P1 _ .20

VKT2`= 120.00	 GAMA2 = 2.00 P2 = .20
t

VKT3 = 140.00	 GAMA3 = 4.00 P3 _ .40

VKT4 = 150.00	 GAMA4 = 4.00 P4 = .20

DELTAMATRIX_

TRAILING A/C

1	 2 3 4

1 3.00:	 3000 3.00 3.00

2 3.00	 3.00 3.00 3000

3 3.00	 3.00 3.00 3.00

4 3.00	 3.00' 3.00' 3.00
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