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CHAPTER I 

* 

1.1 Introduction 

When a spherical charge is detonated above the ground sur¬ 

face the resulting spherical blast wave reflects from the ground. 

At a distance from the point on the ground immediately beneath 

the charge, approximately equal to the height of the charge 

above the ground, the reflected shock begins to overtake and com¬ 

bine with the primary shock to form a single shock known as the 

Mach stem. The point at which the primary shock, the reflected 

shock and the Mach stem meet is called the triple point. As 

the Mach stem shock moves outwards the height of the triple 

point continues to grow in a hyperbola-like trajectory. 

The physical properties of the Mach stem blast wave and 

the trajectory of the triple point depend upon the energy yield 

of the charge; the height of burst of the charge above the 

ground, and on the nature of the ground surface. When the 

primary shock reflects from the ground, some energy will be 

absorbed by the ground and will appear as seismic disturbances, 

including cratering if the explosion is close enough to the 

ground. As the blast wave continues to move across the ground 

surface there will be a continued transfer of energy between the 

air and the ground, and also a redistribution of energy 

within the blast wave. Little is known about the transfer of 

energy to the ground from an air blast, or about the redistri¬ 

bution of energy within a blast wave as it passes over the ground 

surface. The experiments described in this report are an attempt 

to elucidate some of these problems. 
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It is postulated that if two identical charges are 

simultaneously detonated, at a certain distance apart, the two 

resulting identical spherical blast waves will interact along a 

plane, and since there will be no energy loss in this interaction 

it will be possible to observe an ideal spherical shock reflec¬ 

tion. The properties of the Mach stems lying above and below the 

ideal reflecting plane may then be compared with those produced 

over various real ground surfaces. 

1.2 Objectives 

The primary purpose of the project described in this report 

was to obtain information on the interaction of spherical shock 

waves from explosive sources with real surfaces as contrasted 

with an ideal reflecting surface. The results are to be used to 

evaluate hydrodynamic airblast computer codes. The shock inter¬ 

actions were obtained by the simultaneous detonation of two 

identical spherical charges placed one above the other such that 

the distance between the charges was equal to twice the height 

of the lower charge above the ground surface. Two different charge 

configurations were used over two different types of ground surface. 

The positions of the charges relative to the ground surface, and 

the expected shock patterns are illustrated in Figures la and lb. 

The four experiments were titled Dipole West Shots 8, 9, 10 * 

and 11. The charge configuration for Shots 8 and 11 is shown in 

Figure la, using smooth ground in Shot 8 and rough ground in Shot 11. 

The configuration for shots 9 and 10 is shown in Figure lb, using 

smooth ground in Shot 9 and rough ground in Shot 10. 

The project reported here involved for each Shot, the photo¬ 

graphy, against a suitable background, of the primary shock front 

10 
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from the lower charge and the Mach stem shocks produced above 

the ground surface and below the ideal reflecting plane between 

the two charges. The objective was to measure from the photo¬ 

graphic records, the radius versus time sequence for these three 

shocks, and thus calculate the shock speed in each case. The 

shock Mach number could then be used to determine the pressure, 

density and particle velocity immediately behind the shock. In 

addition, measurements were to be made of the triple point 

trajectories above the ground and below the ideal reflecting plane. 

Figures 1(c) to l(j) show tracings of the shock fronts 

observed from two camera positions for each shot, together with 

the positions of the charges, if they were in the field of view, 

and the various surveyed markers which were used to make the 

necessary geometrical corrections. Some frame numbers are also 

given. It must be stressed that neither the distance nor the time 

scales on these tracings are linear so that measurements of shock 

radius or time should not be made from these plots, which are 

presented to give a qualitative picture only. 

A second project involved the photography of the space-time 

trajectories of an array of gas particle tracers (smoke puffs) in 

the regions behind the Mach stems above the ground and below the 

ideal reflecting plane. These observations were to provide a 

determination of the space and time variations of both density 

and particle velocity throughout the flow regions. The results 

of these measurements will be reported later. 



CHAPTER II 

II. 1 Field Layout 

The plan of the field layout used for the photogrammetrical 

measurements is shown as Figure 2. The main camera position (MCP), 

for the cameras photographing both the shock fronts and the 

particle tracers, was six hundred feet south of ground zero (GZ). 

Photography of the shock fronts was made possible by viewing 

the shocks against the specially prepared backdrop. The back¬ 

drop line began at the point on the MCP-GZ line, 400 ft from GZ 

on the opposite side of the charge to the MCP. The backdrop 

extended on a line making an angle of 80° to the MCP-GZ line, 

for a distance of 325 ft. Ten 30 ft by 50 ft polka-dot patterned 

canvas backdrops, similar to those used on previous large scale 

experiments at the Defence Research Establishment Suffield (DRES), 

were used on Shot 8. During preparation for Shot 9, the polka- 

dot backdrops were severely damaged in a wind storm. Replacements 

were made with striped backdrops and these were used in Shots 9 

through 11. 

In order to observe, against the backdrop, the Mach stem 

produced by the reflection at the ground surface of the shock from 

the lower charge, it was necessary to use a camera as close as 

possible to the ground. The camera for these observations was 

placed at a minimum practical height of 3 ft. In order to see 

the Mach stem along the ideal reflecting surface, against the 

backdrop, it was necessary to have the camera on or above the 

line of sight from the top of the backdrop through the ideal 

reflecting plane. An upper camera position at 57 ft was 



therefore used when the ideal reflecting plane was at a height of 

50 ft, and a camera position at 30 ft was used when the ideal 

reflecting plane was at a height of 30 ft. The original plan 

called for two cameras at each elevation, in case of camera 

failure. However, only one camera was available for use at the 

3 ft level, and this functioned adequately in all experiments. 

The field of view for a camera at the 57 ft level on Shot 8 

is shown as Figure 3. The field of view for the camera at the 

3 ft level on Shot 10 is shown as Figure 4. In order to permit 

the necessary geometrical corrections of the measurements made 

from the photographic records, accurately surveyed markers were 

placed in the fields of view of the cameras. Three primary 

markers,(El, E2 and E3),were placed at ground level to the east 

of GZ at nominal distances of 36, 70 and 105 ft from GZ on the 

semi-circle which had the MCP-GZ line as diameter. After Shot 8 

the 36 ft marker was removed because it interferred with the view 

of the shock pattern at a point close to that at which the triple 

point was expected to intersect the ground surface. Three 

markers, (300-1, 300-2 and 300-3), each two feet square, were 

located at ground level on a line parallel with the backdrop and 

intersecting the MCP-GZ line at a distance of 300 ft south of GZ. 

An additional three markers (BME 1, 2, and 3) were placed on top 

of the backdrop array. A large number of pressure transducers 

were visible in the fields of view of the cameras, and since 

these were accurately surveyed they could also be used as 

additional photo-markers. 



II.2 Geometrical Corrections 

Two geometrical corrections are necessary in order to 

transform data measured directly from photographic records into 

data describing the position of a shock front. The first of 

these corrections may be termed film calibration. It involves 

a transformation from an object plane to a projected image or 

record plane from which the measurements are made,and depends 

on the images of points whose positions in real space are both 

known and fixed throughout the experiment. The second geo¬ 

metrical transformation arises because the image of a shock front 

seen against a background does not define a true shock position, 

but rather defines a line through the camera which is tangential 

to the shock front. For this transformation a different geometrical 

correction is necessary for each data point on each frame of the 

photographic record. 

All of the photogrammetrical transformations are made 

assuming that the optics of both the camera and the subsequent 

film projection system have cylindrical symmetry in which both 

the film plane and the projection or record plane are perpendicular 

to a central optical axis. Moreover, it is assumed that the 

optical axis of the system intersects both the film and the 

record planes at the frame centre. Each point measured in the 

record plane is related to a point in an object plane defined as 

perpendicular to the optic axis of the camera and at some 

convenient distance in front of the camera. 



The relationship between the film plane, the record plane 

and the object plane is shown in Figure 5. An azimuthal angle 0 

and an elevation angle <)> together define the optic axis. The 

x-y coordinate system is defined in the object plane with its 

origin at the centre of the field of view, the x axis in the 

horizontal plane and the y axis in the vertical plane. All 

points along the same line of sight of the camera, for example, 

P and P in Figure 5, will appear at common position P'in the 
1 2 
record plane and at the corresponding point P in the object plane. 

Transformation of the coordinates of a point measured in 

the record plane to coordinates in the object plane is achieved 

by rotating the record plane coordinates by an angle a and 

multiplying the coordinates by a scale factor a. The determination 

of the rotation angle a and the scale factor a requires that 

surveyed positions be known of at least two points which are 

visible in each record image. The lines joining each of these 

points to the camera intersect the object plane and define 

primary reference positions in that plane. The rotation angle a 

is the difference between the slope of the line connecting the 

two primary reference points in the object plane and the slope of 

the same line measured in the record plane. Similarly, the scale 

factor o is the ratio of the lengths of these two lines. However, 

in order to transfer the primary reference points from survey 

coordinates to object plane coordinates a knowledge is required 

of the orientation angles 0 and <t>, and of the exact camera position 

in survey coordinates. 
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II. 3 Film Calibration 

In order to make the transformation described above, it is 

necessary to determine the orientation angles 6 and ¢, the exact 

survey coordinates of the camera, and the optical parameters a 

and a. It was necessary to determine these parameters from the 

film record because neither the orientation data nor the exact 

position of each camera lens, with respect to the main camera 

position, was measured in the field. 

The orientation angles <j> and 9, were determined by considering 

the triangle defined by the frame centre and the two primary 

reference point images in the record plane. The specific 

parameters considered were the ratio of the lengths of two sides 

of the triangle and the angle contained between the sides. These 

parameters do not depend on the optical parameters a and a , and 

hence are constant under transformation from the record plane to 

the object plane. An iteration process was used to match the 

similarities of the triangles in the object and record planes. 

The camera orientation was considered to have been determined when 

successive iterations differed by less than a specified small 

angle (0.001°). So that the orientation process would not be 

particularly sensitive to small errors in camera position, the 

orientation reference points were chosen in a plane which differed 

minimally from the object plane, namely the plane containing the 

pressure gauges, running approximately eastward from ground zero. 

Exact camera coordinates were obtained by using two secondary 

reference points which were chosen as far as possible out of the 

plane of the primary reference points. The east-west and elevation 

coordinates of the camera were optimized by finding the camera 

position such that the secondary reference point images, trans¬ 

ió 



formed to the object plane, coincided with the corresponding 

positions calculated directly from the survey data. Simultaneously, 

the north-south coordinate was optimized by finding the camera 

position such that the distance between the secondary reference 

points transformed from the record plane to the object plane was 

the same as the corresponding distance calculated from the survey 

data. At each step in the position optimizing procedure the 

camera orientation was adjusted using the primary reference points 

as described above. The camera position was considered as determined 

when successive iteration differed by less than 0.1 ft in each of 

the three position coordinates. 

The optimized camera position and orientation angles calculated 

for the seven cameras used in Shots 8 through 11 are summarized 

in Table 1. The survey data used for the film analysis are given 

in Table 2. (N.B. Similar tables for each experiment and for each 

camera in an experiment will have the same initial number, e.g. 

Table 2-8 is Table 2 of Shot 8, and Table 3-8-WF3T(3) is Table 3 

of Shot 8 for the WF3T camera at 3 ft elevation.) The primary 

reference points (pressure gauges in all but one case) were 

chosen for rapid convergence of the camera orientation calculation. 

The secondary points were selected from the background markers 

BME 1, BME 2, and BME 3, chosen on the basis of consistency in 

calculating the position of a particular camera over all four 

shots. 

The optimized position and orientation of each camera was 

then used to calculate the positions in the object plane of all 

surveyed points visible in the field of view, and these were 

compared with the positions calculated directly from the field 

survey. These comparisons are shown in Tables 3. The two 
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primary reference points generally show shifts of only several 

hundredths of an inch. The maximum error in position in the object 

plane was estimated by adding the maximum error in the orientation 

angles and the maximum uncertainty in the record plane measurements 

after these were expressed in distance units in the reference 

plane. The total error was found normally to be less than two 

inches and in most cases less than half an inch. 

For all the points used in the calibration, the average 

difference in the position calculated from the film record and 

from the field survey was approximately half an inch, except 

when the survey markers midway between the cameras and the ground 

zero were used. These markers (labelled 300-1, 300-2, and 300-3), 

showed apparent shifts in the object plane as large as 3.2 feet 

and are inconsistent with any camera position or orientation. 

These markers were only visible in the field of view of the 

cameras at 3 ft elevation. This large apparent error may arise 

from the fact that in all cases these markers appear in the extreme 

edge of the field of view where optical distortions are likely 

to be large. In addition the survey errors may have been 

significantly larger for these particular markers. 

II.4 Shock Radius Calculations 

The camera position and orientation were calculated using 

reference points measured on a frame of the film taken shortly 

before the charges were detonated. In the subsequent analysis 

it was assumed that the camera position and orientation, and 

the position of the two primary reference points would remain 

fixed in real space for the duration of the event being filmed. 
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The calibrations and geometrical corrections for each frame 

required only the measurement of the position of the primary 

reference points in the record plane. The frame centre coordi¬ 

nates, the rotation angle a, and scale factor a were assumed to 

vary from frame to frame and were calculated for each frame using 

two reference points which were not necessarily those points used 

as primary reference points for the film calibrations, since 

these were not always visible throughout the duration of the event. 

By these means the apparent position of a shock front was 

transformed to a point in the object plane. The line joining this 

point to the camera is tangential to the shock front surface. In 

the case of the Mach stem above or below the ideal reflecting plane 

the shock surface was assumed to have cylindrical symmetry about 

the line joining the two charge centres. In the case of the Mach 

stem above the ground the shock surface was assumed to have cylin¬ 

drical symmetry about the vertical through the centre of the lower 

charge. The primary shock was considered to have spherical 

symmetry about the charge centre. This is illustrated in Figure 6. 

The object plane was defined as perpendicular to the optic 

axis of the camera and containing ground zero. This is illus¬ 

trated in plan view in Figure 7 for the case where the elevation 

angle of the optic axis is zero. P is an image point in the 

object plane, and the line of sight CP is tangent to the shock 

front at T. The radius of a spherical shock front is therefore 

the distance from T to the charge centre, while the radius of a 

Mach stem is measured from T to the axis of symmetry. In the 

case of a spherical shock all tangent points T will lie on a 

sphere with the line joining the charge centre to the camera as 
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diameter, or in the case of a Mach stem, a cylinder, the axis of 

which is parallel to the Mach stem axis and passes through a point 

midway between that line and a line through v.he camera parallel 

to that line. Shock radii calculated in this manner, using 

different points on the same shock front, were averaged. 

II.5 Time Determination 

The time at which each frame was taken, relative to the time 

of detonation, was determined from a zero time mark and a 

sequence of one millisecond timing marks on the film. The zero 

timing light in the camera did not correspond to the frame in 

the film gate but was displaced from it by a known distance 

along the film that was constant for each camera. Knowing this 

distance, the zero frame could be determined on each film. The 

time values for each successive frame were calculated by integrating 

the reciprocal of the film speed measured in frames per second. 

Film speeds were interpolated from values calculated at four 

points spaced evenly along the film, namely at frames number -31, 

36, 169, 269. The film speeds at these positions were calculated 

from the measured distances between the timing marks. The timing 

data for each film analysed are shown in Tables 4. 

II.6 Analysis of Photogrammetrical Results 

The measured shock radius-time (R-t) data were analysed by 

least squares fitting to an equation of the form 

R = A + Bt + C In (1+t) + D/ln (1+t) . 

The data were weighted inversely with the square of the observed 

radius so as to obtain a fit with a constant percentage error 



throughout the range of the input data. The above ad hoc 

equation has been found valuable for describing a wide variety of 

monotonically decaying shocks. It satisfies two appropriate boun¬ 

dary conditions; namely, that at t = 0 the shock radius may have 

a positive or negative finite value, and that as t -+ 00 the shock 

velocity asymtotically approaches a constant value, which one 

would expect to be close to the ambient velocity of sound. The 

equation is differentiated with respect to time, to obtain the 

shock velocity at any point. 

The ambient values of the temperature, pressure and vapour 

pressure, and the charge weight were used in each experiment to 

calculate the ambient speed of sound, and Sach's scaling factor 

defined as S = 3/WPo/P where W is the charge mass in pounds, P 

the atmospheric pressure and Pq a standard pressure of 14.7 psi. 

The ambient conditions in each experiment are given in Tables 5. 

The results of the photogrammetrical analyses are given in 

Tables 6. The columns of the output table, in order, are inter¬ 

preted as follows; the frame time in milliseconds after detonation; 

the observed shock radius in feet; the shock radius calculated 

from the fitted curve; the difference between the observed and 

fitted shock radii; the frame time scaled by a factor c/S where 

c is the ambient velocity of sound; the scaled shock radius using 

the scaling factor S; the shock velocity in Mach units; the over¬ 

pressure immediately behind the shock in atmospheres; the over¬ 

pressure behind the shock in pounds/square inch; the gas particle 

velocity immediately behind the shock in Mach units relative to 

the ambient sound speed; the gas density immediately behind the 

shock in terms of the ambient density, and the number of the film 

frame from which the measurements were made. The scaled radius 
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and time may be considered as the shock trajectory to be expected 

from a one pound charge detonated at standard atmospheric pressure 

in a gas with a velocity of sound of one foot per millisecond. 

These scaled values will subsequently be used to compare shocks 

from different explosions, eliminating differences to be expected 

because of charge weight and variations in atmospheric conditions. 



CHAPTER III 

III.l The Camera Operation 

The shock photograiranetry cameras operated satisfactorily 

in all four experiments, with the following exceptions. No 

zero time mark was obtained on any film for Shot 9. This does 

not seriously affect the analysis of the results but prevents 

exact time correlation between the photogrammetrical results 

and those from other measurements, such as pressure transducers. 

The maximum error is only ±0.12 ms. No timing marks were obtained 

on the film from one of the upper shock trajectory cameras on 

the Shot 9, and there was therefore no purpose in analysing this 

film. Satisfactory results were obtained however, from the back-up 

camera. This upper level back-up camera malfunctioned in Shot 

10 due to the low temperature, but in this case the primary 

camera operated satisfactorily. A complete shock analysis was 

therefore possible for all experiments. 

III. 2 Results of Shock Photogrammetry Analysis 

In each experiment measurements were made of the radius versus 

time of the primary shock from the lower charge, of the Mach stem 

produced by the lower charge along the ground•surface, and of the 

Mach stem produced by the lower charge beneath the ideal reflecting 

plane. In addition, on Shot 10, it was possible to measure the 

trajectory of the Mach stem produced by the upper charge above 

the ideal reflecting surface. 

In Shots 9 and 10, in which the charge separation was only 

thirty feet, the primary shock from the lower charge could only 

be observed for a distance of approximately 10 feet. In addition, 

the measurements were made with difficulty in this region because 
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the backdrops were partially obscured by the towers which supported 

the charges. As a result no satisfactory analysis of the primary 

shock front trajectories was possible for these two shots, although 

an attempt was made, using an abbreviated form of the least squares 

fitted equation. Satisfactory measurement of the trajectories 

of the upper and lower Mach stems was possible, however. 

The results of analyses of all the shock trajectories are 

presentèd as Tables 6. 

III.3 Shock Front Trajectories 

The results of the photogrammetrical analyses are more clearly 

illustrated in graphic form. Figure 8 is a plot of the primary 

shock radius versus time for the lower charge of Shot 8. The 

results shown are for two cameras, the 16 mm WF3T at an elevation 

of 3 ft and the 35 mm WF5 at an elevation of 57 ft. The perfect 

agreement between these two sets of measurements validates the 

geometrical corrections and film timing procedures which were 

used. The individual points which have been plotted are every 

fifth measured value and the curves are the least squares fits. 

Figure 9 shows similar results for Shot 11, in which the same 

charge configuration was used. 

Figure 10 shows the actual ¡primary shock trajectories for all 

four experimente. The effect of scaling these trajectories to a 

one pound charge at standard atmospheric pressure and an ambient 

velocity of sound of a one foot per millisecond is shown in Figure 

11. As would be expected, there is now very little difference 

in the shock trajectories, and the differences illustrated in 

Figure 9 are more than accounted for by the differences in atmospheric 
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conditions, particularly the temperature. 

Figure 12 shows the trajectories of the Mach stems produced 

by the lower charge in Shot 8 over the ground surface and beaneath 

the ideal reflecting surface. The Mach stem over the ground is 

slightly slower than that beneath the ideal reflecting surface. 

Similar results are presented for Shots 9, 10 and 11 in Figures 

13, 14 and 15, respectively. In each case the speed of the Mach 

stem over the ground is slower than that beneath the ideal 

reflecting surface, and this difference is most marked in Shots 

10 and 11 in which the ground surface had been roughened. The 

trajectories of all the ground Mach stems and ideal Mach stems are 

given in Figures 16 and 17. Only on Shot 10 was it possible to 

observe the Mach stems produced above and below the ideal reflecting 

surface. No difference in these shock trajectories could be 

detected, as is illustrated in Figure 18. 

Once again, in order to make a valid comparison between the 

results of one experiment and another, it is necessary to scale 

the results so as to eliminate the effects of differences in 

atmospheric conditions. These results are presented in Figures 19 

and 20. Figure 19 shows that there is little difference between 

the trajectories of the ideal Mach stems with the same charge 

configuration, but there are significant differences for the Mach 

stems over the smooth and rough ground surfaces, as shown in 

Figure 20. 

III.4 Peak Hydrostatic Overpressures 

The peak hydrostatic overpressure immediately behind the 

shocks was calculated by applying the shock Mach number obtained 

from fitted radius time curves into the modified Rankine-Hugoniot 
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equation. Figures 21 and 22 show the variation of peak over¬ 

pressure with distance for the primary shocks from the lower 

charges in Shots 8 and 11 respectively. In each case two curves 

are shown for results obtained from different cameras at different 

elevations. These are presented here to indicate the probable 

magnitude of the experimental error inherent in the photogrammetrical 

analysis. The overpressure-distance variation for the primary shocks 

in all four experiments is given in Figure 23. For Shots 9 and 10 

the primary shock from the lower charges could be seen only for 

a distance of approximately 10 ft, so that it was possible to 

calculate the pressure at a single point only. 

The variations of overpressure with distance from the axis 

of symmetry, for the Mach stems, are plotted in Figures 24 to 27. 

Shots 8 and 9 were carried out over hard smooth ground, 

and there is only a slight difference between the overpressures 

in the Mach stems above the ground and below the ideal reflecting 

surface, with that above the ground significantly lower in each 

case. Shots 10 and 11 were carried out over rough ground, and 

a more marked difference in the overpressures at all distances 

can be seen for both shots. In Shot 10, the Mach stem could be 

observed below the ideal reflecting surface with two cameras, and 

the results from both analyses are plotted. Also on this experi¬ 

ment, it was possible to observe the Mach stem from the upper 

charge above the ideal reflecting surface, and this result is also 

plotted in Figure 26. 

In Figures 28 to 43 the overpressures calculated from the 

photogrammetrical analyses are compared with the peak pressures 

measured by electronic gauges and given in the preliminary report. 

The numbers associated with the gauge pressures plotted on these 
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graphs are the horizontal and vertical coordinates of the gauge's 

position relative to ground zero, measured in feet. The gauge 

positions correspond as closely as possible to the position at 

which the photogrammetrical measurements were made. In nearly all 

cases the agreement between the photogrammetrical and gauge pressures 

are extremely good, and this speaks well for the accuracy and 

reliability of both systems. 

III.5 Relative Energy Estimates 

The peak hydrostatic overpressures, in atmospheres, have 

been plotted against scaled distances in Figures 44 to 57. These 

are the most valuable results for making comparisons between the 

various shock trajectories and strengths, since the effects of 

differences in atmospheric conditions have been eliminated. 

Figure 45 shows a comparison between the peak overpressure- 

distance variations of the Mach stems produced by the lower charge 

in Shot 8 over the ground surface and beneath the ideal reflecting 

surface. A comparison of the cubes of the radii at which equal 

overpressures were observed for each of these Mach stems is an 

indication of the relative energy in each blast wave. The average 

value, over the range of data shown in Figure 45, indicates an 

energy loss, due to the reflection at ground surface, of approxi¬ 

mately 9% (±2%) . A similar comparison for Shot 9 indicates an 

energy loss at the ground reflection of approximately 8% (±2%) 

although in this case the two pressure distance curves are not 

parallel over the range of observation. The corresponding 

figures for Shots 10 and 11, which were carried out over rough 
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ground, are 42% (±5%) and 40% (±5%) respectively. 

The overpressure variation for the Mach stems produced 

beneath the ideal reflecting surfaces in Shots 8 and 11 are 

compared in Figure 50 and for Shots 9 and 10 are compared in 

Figure 51. As might be expected the two curves are virtually 

identical in each case. 

III.6 Triple Point Trajectories 

The triple point is the junction of the primary shock, the 

reflected shock and the Mach stem. The trajectory of the triple 

point for each Mach stem over the ground surface or beneath the 

ideal reflecting surface was measured for the lower charge in 

each experiment. These data were smoothed by a least squares 

fit and scaled in the manner previously described. The results 

are given in Tables 7. 

Figure 58 shows the measured triple point data for Shots 8 

and 11. The plotted points are every fifth measured point, and 

the curves are the least squares fits to all the data for each 

triple point trajectory. An interesting feature of this plot 

is the large amount of scatter in the observed trajectory of the 

triple point over the rough ground in Shot 11, compared with the 

trajectories under the ideal reflecting surfaces and over the smooth 

ground. Figure 59 shows the fitted triple point trajectories 

scaled to a 1 lb charge at standard atmospheric pressure. The 

two trajectories below the ideal reflecting surfaces are almost 

identical, and the effect of the smooth and rough ground surfaces 

on the other trajectories is clearly demonstrated. 

Figures 60 and 61 attempt to show the same effects for 

Shots 9 and 10. Unfortunately in these experiments the triple 



point could be seen only for a distance of about 10 to 12 ft and 

there is insufficient data to define a triple point trajectory. 

However, it may be valid to take a single point from each curve 

at the midpoint of the data, at a horizontal distance of about 

47 ft from ground zero, for comparison with computer predictions 
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CHAPTER IV 

IY--L. Discussion and Conclusions 

As a general check on the reliability of the photogram- 

metrical technique, the scaled radius-time and pressure-distance 

curves have been compared, in Figure 62, with the theoretical 

predications of Brode (1959). The agreement here is very good. 

Brode's numerical calculations were based on a TNT charge with 

an energy yield of one kilocalorie. Dewey (1964, 1971) has 

shown that the appropriate scaling factor from Brode's results 

to experimental measurements with TNT charges, is 10.0. On the 

basis of reported energy yields for TNT, factors of 9.6 or 9.8 have 

been calculated. Considerable past experience has shown that 10.0 

is a more appropriate figure and this is confirmed again in the 

present work. 

The conclusions reached as a result of the photogrammetrical 

analyses reported here, may be summarized as follows. 

On the basis of shock front trajectory measurements, all of 

the lower charges seem to have behaved as predicted. It is 

unfortunate that no measurements were available to provide an 

estimate of the yieldsof the upper charges. 

On Shots 10 and 11, the ground surface had been roughened by 

ploughing, and the effects of this on the strength of the Mach 

stem shock and the triple point trajectories, has been clearly 

illustrated. 

In Shots 8 and 9, over smooth ground, the energy loss in the 

Mach stem shock front appears to be about 8 to 10%, compared with 
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the strength of the Mach stem at the ideal reflecting surface. 

In Shots 10 and 11, over rough ground, this energy loss appears 

to be about 40 to 42%. 

It must be stressed that these energy loss calculations are 

based on shock front trajectories only, and it is not suggested 

that this amount of energy had been transferred to the ground surface. 

The majority of the energy not appearing at the shock front has 

probably moved back into the blast wave and would appear in the 

form of an extended pressure and kinetic energy blast wave profile. 

The validity of this assumption is illustrated by the pressure 

impulse results given in the preliminary report. The pressure 

impulse measured by a gauge in the Mach stem close to the ground, 

compared with the impulse measured by a gauge in the Mach stem 

below the ideal reflecting surface, for each experiment is as follows. 

Shot 8, 211:181 psi-ms; 

Shot 9, 278:244 psi-ms; 

Shot 10, 285:244 psi-ms; and 

Shot 11, 224:202 psi-ms. 

In each experiment the pressure impulse close to the ground was 

larger than that close to the ideal reflecting surface, although 

in every case the peak pressure close to the ground was less than 

that close to the ideal reflecting surface, as follows: 

Shot 8, 31:37 psi; 

Shot 9, 79:93 psi; 

Shot 10, 67:80 psi; 
0 

Shot 11,30:38 psi. 
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In order to account for all of the energy within the blast 

wave it is necessary to know, independently, the pressure, density, 

and particle velocity histories throughout the wave. The pressure 

histories are available from gauge measurements, and it is hoped 

that it will be possible to obtain the density and particle 

velocity histories from the analyses of the particle trajectories. 
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Figure 2. Dipole West test site layout. 
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Figure 5. Optical transformation for object plane to record plane. 
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Figure 6. Geometry for calculating mach stem and primary shock radii. 
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Figure 7. Plan of tangent point trajectory for a mach stem at the 
ground surface. 
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Figure 21. Primary shock overpressure versus distance—Shot 8. 
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Figure 22. Primary shock overpressure versus distance—Shot 11. 

I 

64 



O
V

E
R

P
R

E
S

S
U

R
E
 

(P
.S

.I
.)

 

DISTANCE (FEET) 

Figure 23. Primary shock overpressure versus distance—Shots 8, 9, 10 
and 11. 
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Figure 24. Ground and upper mach stem overpressures versus distance 
—Shot 8. 
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Figure 25. Ground and upper mach stem overpressures versus distance 
—Shot 9. 
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Figure 26. Ground and upper mach stem overpressures versus distance 
— Shot 10. 
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Figure 27. Ground and upper mach stem overpressures versus distance 
-Shot 11. 
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Figure 28. Primary shock overpressure compared with gauge measurements 
—Shot 8, WF5 at 57 feet. 

- 

70 



O
V

E
R

P
R

E
S

S
U

R
E
 

(P
.S

.I
.)

 



O
V

E
R

P
R

E
S

S
U

R
E
 

(P
.S

.I
.)

 



O
V

E
R

P
R

E
S

S
U

R
E
 

(P
.S

. 
I.

) 



O
V

E
R

P
R

E
S

S
U

R
E
 

(P
.S

.I
.)

 

DISTANCE (FEET) 

Figure 32. Primary shock overpressure compared with gauge measurements 
—Shot 9. 
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Figure 33. Ground mach stem overpressures compared with gauge measurements 
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Figure 35. Primary shock overpressures compared with gauge results 
—Shot 10. 
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Figure 36. Ground mach stem overpressures compared with gauge results 
-Shot 10. 
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Figure 37. Upper mach stem overpressures compared with gauge results 
-Shot 10, WF3T at 3 feet. 
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Figure 38. Upper mach stem overpressures compared with gauge results 
—Shot 10, WF5 at 30 feet. 
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Figure 40. Primary shock overpressures compared with gauge results 
—Shot 11, WF3T at 3 feet. 
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Figure 41. Primary shock overpressures compared with gauge results 
—Shot 11, WF5 at 57 feet. 
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Figure 43. Upper mach stem overpressures compared with gauge results 
—Shot 11. 
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Figure 45. Upper and ground mach stem overpressures versus scaled dis¬ 
tance— Shot 8. 
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Figure 46. Upper and ground mach stem overpressures versus scaled 
distance—Shot 9. 
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Figure 47. Upper and ground mach stem overpressures versus scaled 
distance—Shot 10. 
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Figure 48. Upper and ground mach stem overpressures versus scaled 
distance—Shot 11. 
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Figure 49. Mach stem overpressures above and below the ideal reflecting 
plane versus scaled distance—Shot 10. 
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Figure 50. Comparison of upper mach stem overpressures versus scaled 
distance—Shots 8 and 11. 
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Figure 51, Comparison of upper mach stem overpressures versus scaled 
distance—Shots 9 and 10. 
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Figure 52. Comparison of ground mach stem overpressures versus scaled 
distance—Shots 8 and 11. 
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Figure 53. Comparisons of ground mach stem overpressures versus scaled 
distance—Shots 9 and 10. 
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Figure 54. Comparisons of ground mach stem overpressures versus scaled 
distance—Shots 8 and 9. 
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Figure 55. Comparisons of upper mach stem overpressures versus scaled 
distance—Shots 8 and 9. 
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Figure 56. Comparison of ground mach stem overpressures versus scaled 
distance—Shots 10 and 11. 
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Figure 57. Comparison of upper mach stem overpressures versus scaled 
distance—Shots 10 and 11. 
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Figure 62. Primary shock overpressures versus scaled distance compared 
with Brode's results. 
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Table 4a. Film speeds—WF5 (Serial 267) Shots 8, 9, 10 and 11. 

Dipole West 
Film Timing Data 

Film Speeds (fps) 

Camera: WFS (Ser. 267) 
Frame length: .94625 cm 

Event 

DPW/7 - 57' 

DPW/8 - 57' 

DPW/9 - 30' 

DPW/10- 30' 

DPW/11- 57' 

69 

3314. 

3215. 

-31 

3244 .±2. 

3139. 

No timing marks 

2769. 2830. 

2657. 2724. 

Frame No. 

169 

3384. 

3289. 

2885. 

2773. 

Actual Zero 

269 (cm) 

3443. 4.70 

3361. 4.20 

2938. 3.91 

2828. 4.60 

Static Zero: 3.80 (cm) 



Table 4b. Film speeds-WF3T (Serial 218) Shots 8, 9, 10 and 11. 

Dipole West 
Film Timing Data 

Film Speeds (fps) 

Camera: WF3T ELEVATED (SER. 218) 
Frame Length: .7585 cm 

Event Frame No. Actual Zero 

DPW/7 - 57' 

DPW/8 - 57' 

DPW/9 - 30' 

DPW/10- 30' 

DPW/11- 57' 

-31 

3960.+2. 

3947. 

3713. 

NO RECORD 

3296. 

69 

4013. 

4005. 

3784 . 

169 

4071. 

4058. 

3850. 

269 

4124. 

4111. 

3916. 

(cm) 

3.64 

4.16 

3.35 

3375. 3441. 3512. 4.42 

Static Zero: 3.35 (cm) 

lo zero timing mark. Frame 0 given time 0.000 msec, 
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Table 4c. Film speeds—WF3T (Serial 209) Shots 8, 9, 10 and 11. 

Dipole West 
Film Timing Data 

Film Speeds (fps) 

Camera: WF3T Ground Level (Ser. 209) 

Frame length: .7585 cm 

Event Frame No. Actual Zero 

DPW/7 - 3' 

DPW/8 - 3' 

DPW/9 - 3'* 

DPW/10- 3' 

DPW/11- 3' 

-31 

3974 .±2. 

3987. 

3939. 

3916. 

3837. 

69 

4029. 

4042. 

3997. 

3968 . 

3895. 

169 

4079 . 

4098- 

4045. 

4018. 

3953, 

269 

4134. 

4150. 

4095. 

4066 . 

4005. 

(cm) 

4.18 

3.44 

3.38 

4.40 

4.34 

* * 

Static Zero: 3.38 (cm) 

* The film periodically jumped off the camera sprockets 
resulting in an irregular increase of the framing 
rate between timed points. In addition sequences of 

frames were thrown out of focus. 

** No zero timing mark. Frame 0 given time 0.000 msec. 
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Table 5-8. Meteorological observations—Shot 8. 

DPW/8 

Date: 17 September 1973 

Time: 1700 MDT 

Observer: WHB 

Standard Meteorological Observations: 

At control bunker. 
22 meter wind data at Photo tower. 

Wind Data: 22 Meters 

Direction 150° 
Speed 6•5 mph 

Temperatures (°F): 

Air temperature 
Surface temperature 
Temperature gradient (4-½ M) 
Relative humidity 

2 Meters 

150° 
2.5 mph 

67.5°F 

82.5 F 

31% 
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Table 5-9. Meteorological observations—Shot 9. 

DPW/9 

Date : 

Time: 

22 October 1973 

1156 MDT 

Observer: WHB 

Standard Meteorological Observations: 

At control bunker. 
22 meter wind data at Photo tower. 

Wind Data: 22 Meters 

Direction 
Speed 

245 
4.5 mph 

Temperatures ( F): 

Air temperature 
Surface temperature 
Temperature gradient (4-½ M) 
Relative humidity 

Pressure : 

Sky Condition: 

Clouds 

Sun 

13.491 psi 

1/10 Ac 6/10 Ci 

Moderate through zero 

132 

2 Meters 

245 
3.8 mph 

57.5°F 
59.8°F 
-1.0°F 
55% 
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Table 5-10. Meteorological observations—Shot 10. 

i._4. 

DPW/10 

Date : 

Time : 

Observer: 

2 November 1973 

1400 MST 

WHB 

Standard Meteorological Observations: 

At control bunker. 
22 meter wind data at Photo tower. 

Wind Data: 22 Meters 2 Meters 

Direction 
Speed 

30 
7.5 mph 

30 
7.2 mph 

Temperatures ( F): 

Air temperature 
Surface temperature 
Temperature gradient (4-½ M) 
Relative humidity 

21.3 

-1. 
81% 

o 

1.0°F 

Pressure : 

Sky Condition: 

Clouds 

Sun 

13.689 psi 

7/10 Sc 

Slightly visible through zero 
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Table 5-11. Meteorological observations-Shot 11. 

DPW/11 

Date: 8 November 1973 

Time: 1535 MST 

Observer: JUG 

Standard Meteorological Observations: 

At control bunker. 
22 Meter wind data at Photo tower. 

Wind Data: 22 Meters 2 Meters 

Direction 
Speed 

Calm Calm 

Temperatures ( F) : 

Air temperature 
Surface temperature 
Temperature gradient (4-¾ M) 
Relative humidity 

■2.4°F 

+0.3°F 
60% 

Pressure : 

Sky Condition: 

Clouds 

Sun 

13.683 psi 

4/10 Ac 3/10 Ci 

Fairly bright through zero. 

l6l 

i. ;.ír- ’ •/ T' - •- . ^ 

¡¡[■■j . ,VV0l_ 

ittlÉ 



T
ab

le
 

6-
ll

-W
F

5(
5

7
)a

. 
S

ho
ck
 
tr

a
je

c
to

ry
 
a
n
a
ly

si
s—

p
ri

m
ar

y
 
fr

o
n
t,
 

b
o
tt

o
m
 

ch
ar

g
e—

S
h

o
t 

11
. 

U. 

»- I 
< I 
O I 

I 
»- I 7 » 
O I 
cr • u. i • * i 
U I 
P I 
3 I 
IT, I 

JE — 5* 
<t t/1 
• Q. X O 

(VJ 
I 03 0 0 

vC • « 
• O O 

II P vo 

IU II 
CÍ II 
D >- 
»- ÜJH- Il <■ « u 
et D o cr 
H' t/i *- D ù. o y <s 
•' L¡ D tr 
ui cr X i. 
►- Q 

il a 
»- h > 
7 7 *-• C 
liJ UH — ^ q 
Ci T _j r. 
2 > I;' < < rr 

on 03 o 
• M-*- 

O l/lo l: lu 
triTUILI 
_j • u. Il 

o 
u o -< rr o p o 
r o u • • 
. . P ’.r» 
3 o o: cvj cm c in u 
_ <r 
3 ü. 

II II 
Ci ►- O ►- (\J 
U 7 7 3^ U! o — o o 
t/1 L *t L'O 

-< LJ r - t/i 
7LI U < 
Li O t/v tî CL 

a r o < 
" •- LJ •: Ci 
> T »f 1 "I < utrui/i 

<i o 
r* 7 

lonoo—cvjP<ttn 
—*^«(\i(VJ(MtM(V|(M 

— N 
P 
IT, <t 

O O IP nj i*"1 P O 
N ^ N o cm: <r a* 

(vj « c o P or N 

7< 
il a 
c 

u.j>~ 
_jp 

«î tu 
a > 

in •- 
ir,i/i ua 

UJ a 
Den 
en y 
wh- 
•jj *î a 
a 

y — 
u u 
CO 
I_) 
t/1 lii 

l/)K 
31L 
-4 I 
O J 
<t < a u t/i 

U. 
J I 
5 -I 

UJ 
U 
Z 
LU a»- 
UJlL. 
U. 
II 

pr; n r p tvi <m cv. 

o o 
N h 
a cr 

oc : i/ nj <j o o 
(M u ■ P P 03 P 

N -P ^ u* ^ <r p P 

or p 
er in 
o C 

^ m -, f. N p (vj p 
P - P .J IT r- tv; 4 
p -P h- tp ^ p ni c 

(M <f 
O C 

N <t 
(M N 
tp cr 

o tn 
r nj 

(M vL 
•c -L 

P N P P O ^ <M P '.P P N P C O — Kl <t tn vC N U) O '■ 
cm nj cvj oj P P p n» nrippppíí^kí * « <»<Tií«r<í i 

1/14^) ni— PtTiT 
-.tpp vrc<íPir 
N O en ip <t <t P 

(M OJ <\I (VJ (M (VJ <M (VJ 

«j-,-.mcnip<t a 
T1 <f O >P ni o ^ 
(M (VJ (Vj — — O O O 

0 (T P P P C \0 (M 
Q:^‘^'Lí>Lrtntn 

00(70^ OOt'O 
• Ï1 N s o n 

'T'CD P O 0 P -< T 

' m m m <í <í <î p 

T \p -P p <t ir <r s 
(T'CJOCCMT'P^ 
r*- P rt- K p p -, vT 

C'N <f p'o cph- m 
<t 4 <î <J<fPPP 

<i C (VJ -H <Í O ^3 
lT P O CM N <t 
Xi<t(M—C'PNP 

PPPPCVJCVJOJCM 

CPP — PS -iPit cr 
p<j'n-oppr'iSP(T'P^«pinniC' 

PPCM'^.^ C.OC* C' C (T 03 CC N 

(M(VJ(MCVJ(M TJCM fvjnj—<—• —, — 

'X)tDcr<iCOOa'f>-PNO(M(M-'Ov'0 
(vj—oC'N üri—‘r>^)<t -*Din«-cr 
p<j m m N en c]Ch o-• (vj ci p <f <t 

rom romnrm ro rx* <î ^ <î <j- <¡ 

on nj¡r p/1 er —kn — er Pin cn c 
r vîON<t—r — Ch-iPP — 
n. n1 o. — — — or-ooc*^ ce c 

"M (M tvj (M CVJ (M (VJ (M I 

— K <r nj — njr- 
OcniPr —CNtn 
d c c c c ’r» er cr 

incPcrnoN^ 
— o cr N ,£<î p 

CTCTXNNhNN 

—o o o o ooooooooeo 

N N ir (V O — 7 X 
TP4-O0J 0 - 
r r ir 7 -«t in n 

n : n C'pcnxp o 
(V K C CM O (VJ (T û 

— <t crni-rc T 

■if OJ — O 7 CD N sC 
n P n ri (M cm cm cm 

nj p o P (M in 
ro—Piper — if’ 
<t<MO(V-OOC 

m tn -7 ppojcm 
(M(\j(MCM(M(Mnj (VI 

(MC\!(J(M(M<MC\J — 

po n- vPs7 — ir 
n <j niopvPtnp 
p n n- N vC »O '0 'X 

) o ? 

707--^77 vC 
C 7 X 7 C m- N 
xcoNN^n-Pin 

o m (m a n m 7 n 
(M O 7 N O l/17 P 
.P x muPirtnin tn 

rvj p 7 m X N I 
: in t/itn xi m tmr,1 

n — se ni 7 n 7 
p if 7 n ■ — r 
T P T T cr PP 

— O O O — (VJ P 
— O C P 0- P 7 
c 7 c X -r» P c 

C (M n 7 0 N m 
r ni 7 X* 0 cm N 7 
7 n — n p o 'P p 

-00 77 CPP 
M CM nj — — 

- n X 'P s — m —• 
70N7 — 7^7 
PO7 77PPP 

n 7 m vp p — p p 
M — 07CPPNX 
P m P 7 7 7 7 

rvjN — 7N70000 0'NtncMO' vßKj XP 7 fO X (M O 
l/i—X70XP 71/)^^0(^^77 m»- \0 CM C P CD 7 C 
IP 'il <P S CC T 7 7 O — — (M nj Cl P 71PIPPONN-PP 

m tn m m to tn tn tnl/i tn tp tn uv tp , tp 

OC7^®mCMCJOPON7—ff,tP(MCCp,CM7'ÛPOh-P/Of-7—P7qPtn-«PU'>(vjP> 
Ops — 7^04^7 017-07^-^ tn|7 CM 'O O PN — tr¡X CM\C7r,)f>.0 7-^3-IPCOJ Don'; 
7-hNî0œX7C7OO——-*(V| (Vjinj P r. 7 7 7 U1 tPIP) \0u1 nn-SP p.i©777 0 0— 

OOOOOOOOO— —r-. — — 

7PO-777riP,cr> 
OdXOCMCMCOOT- 
— ^OOOOCM — O — 

Q 

tn 7- 
DlL 
— I 
CF- 

tPI- 
3 U 
- I 
C LD 
7 T 
Cl C 

m ir 
o 7 
7 0 

0000000 o 
M Mill 

a3N7-*0-<tn77C (Vjn7P(MN'>0PCVj7P>Ûinp7 — 7 7 IP 7* (M 7 
— 7 — tnONlT. nj¡-7707tPt/)7PnN0/> — X op 7- 7 H 03 X 7 ro! 
ooom — —00,0 —— oooojoo 00cjocio ojcvjcjo 000 — — 

OOOÜOOOOOOOOOOOOOOOOCOOOOOOOOOOO 
It I I I I I I I 

PT- 7 (VJ tP P O 7- XNP 7 (M 7- O P, tn P CJ N 7 7 N M 7 P07X—OPXiV'P 1/1—7 7 0. 
7 — tn 'C 7 o 7 jilinmotpc —ppojox. 70in7r;:oxo—(MPricvj-ox X7 — ectf 
7 7 X 7~ 'P X P -J 7 7- tn OI 7 N 7 — X m - X tn - 7 7 O O P 7- /1 « N P O X O 0 CM (T P* 0’ 

7X0NX7Oq—CMP7 7in'07|SXP'7O — — f'gPP77'/1'007-'NX77 0 0——• 
pppnipp«} 7i 7 7 7 7 7 7 7 7 77 77irininiptoiniPip, i/iiptn in tn m x x n 3 >o x 

X (V X x o — 7 P 7 xJ N 7 N P nj c m 0‘ c n 7 o :n — 7 N 
7 7; n' — p o -• o --t H P — O 7 7 P o: P '0 n.' /1 o O 7 P 

r- X| O 7 X N 7, O P P| C CD IP C X x 7 —! X £j P X 7 — O f 

m q tn in vPn p co »h — oj ^ p 7 x O NIT- x C ^ o — ni r 
n P X) n P P P P 7 7 7 7 7 7 7 77 7 7 ■î ^ 4 X X tO X 

itjcj 7 o r j p 7 x-n 17-n p p c t> (r. o ^ i 
2' LI O t — X X CM C CP o' 7- 7 — P X n. C 
— <0 rg *3 O Xi N -, 7 X ( 1 O 7 P N C 7 X — I 

x o 7 x x x x nj ni 7 — 0 n x n rj 
nj m p —« ,3 — 7 rvj— 7- 7 nj x 
o n- oj n 7 x o -, n. n. 7 x — c x c 

P P 7 7 X in-0 7- 
X X X X’P XX X 

N-PX700- — 
X X X X 0 >0 0 X 

XPXN X vP In 7 P CM — O XN X 
i f . N 7 - X X C J C O P o 7- P O S 
' '•i 0 o 7 C - '.rix :g x O r*. N - 7 

O X 7- C N X X P C 9' P O - -«nj naicvi p * 7 7 7 x u'iio c x r- s n x x 

7 nj — 7 N- X P - 
- P 7 - r C r. 

x r J u c o) o 7 

x 7 n Ooo — -, 
— — 'M (VJ CM (Ml 

162 



T
a
b
l
e
 

6
-
l
l
-
W

F
5
(
5

7
)
a
.
 

(
c
o
n
t
i
n
u
e
d
)

 

r- o M ^ -) lO «Í 'N (t) O' O ^ ^ 'Fl N (T C' O 
sû «£) <0 'T' \0 û vlvO ^1 <0 N NN Nf'-h-NCDOOCP 

rvjoo — - Mt^Yon-cc^N—octnoiroorv 
(Y ^ VÍ- if "0 tv •“(O O (7 0' Y N V f lí ' IT <î -Í f ' Prie, 

fv. t* t- ^ K jp N vc r >c 'C ve o! o >r o 'T ^ 

m o o.! io a oj ^ o i/1 a <t cr -y o io ^¡n m o to c cr ip eu 
<î ri (M O O O' r ! Y ^ N 0 «C .0 tr T|<t -Y m r n (V M c 
<£ vT vT >0 Y' «f i0 u'i n lO to in lT -0 if If lO iT lO iO lT 10 /1 10 

»“NsON ^Sr'C 

n <t •-O' r <t P' r 

CTNNOvD-OOíT 

CO O CJ ^ 
’ N in ro “• o ce vCiul <f tv o ce N Oj/» vt r rj o O 

ro Ojeo (VI V oi - - - “ ~ " ~ 

<M0 NÛ N 0' c»> O 
(r'diccaDtr-cDCDO' 

N n o »T' o: 7 >0 o 
•“ r-» O O CT Ç C 

c -C •r u" >r tO ie to 

O OC O O O O c 

“• M ro <i iOu^sy 
oo a er J4 O'O'<?> 

o — ru »n •» r- er 
T OOOOOOO 

7"riY»-.ceimo 
rcrY'YNNr-N 
.n in m ji u" tr n ir 

r^íjtvofOfv!- 
e •£ 'O 0 lT 10 U 

o m it to io io in ir mr 

o> ^ to o N m r i o 
-..-•.-.ooao 

lO to in to to ■/MT '0 

CPlOO-^ON to^ 

■<S *f <3 <} <t <S 3 <} 

O oo O oo o o OOOOOOOO 

10 O <t '0 10 “■ '.0 'O “• pe *-• -i ^ if •«? -0 
^ o — y o o -yc'IlO—criOn-^oo 
^ 0 <t M O O N X1 ••* r*" -H o ^ (O N 10 

'0 O 10 10 10 < <t -T 

Oj r-N 10 '! 
0 vT O' O - 
<t y' yj r.* •• 

' <t <f 4 ^ to PO m ro ro r* rp-. n r*' (y: eu 

0'N-«inOtnoirir-'CCU'r<f-<N>fON<T-*0"0n — CTvO'iMOCT'OO: 
10 <t <Î n ro O! eu H -- O O C o C (0 T CT N N N O vC 0 0 tO 10 IO tO in ^ <f <t 
<t <t <t <i <t <t <i *,<3 <3 <t c ce r ro;r«T n n “7 m'O to ro ro ro n n nro ro c 

ò eu tr cr -* m o 
N N o in io <t • 

y N 
3 <3 

O O' S 0 <♦ o O1 
r N N N N N r 

OOOOOOC'O 

Of'jN'it^'nr^ — ^ruioneu 
^ ru N eu s OJ O' tr 
M r\i o o rr -0 

•••••••••••«•• 
ru oi eu ru M oj (vi eu ru ('ï ru eu oj ou 

oO'ivj'OO'fvjvo -tiooiooioo oev 
CO N N '0 üY 10 <t <r rO PO (N.' C. •“ 4-4 O O 
O'CTO'O OO'^O'O’OO C'O'C'O'O' 

OOOOOOOO ooo o o ooo 

(VJ 4-4 o K 'O <t ro 
î* 4 ro y. r^ Y4 P' Y' 
rOPO’OOP^rO'Or.v 

o s o (vi in N o» H tn m'û N tT' o o Jeu (vj (vi rn ro ro eu oj (vj o o tn N 
in in — o -• 'ü •-« Mîun (vi s ou co PY coin con a r. oo ro cojn co n co n s ru n 

^.1 . . .si .n t Í-» /-V —N _.1 /M fO m .-4 >n tr. ejv o -• -« eu M ro pS <r in m iß -0 N rs ce co er o o o ~ oj oj n n <» <î '.o ir> 
• •••••••••••••••*•••••••• •^ • / /// / 

incointucineuoiocutoinruxioev cnin^co<ír4co<í 
N -î to ru en o n e o 4 K — in ce ru uy CT n N o ce •-• iT' 
4-4 eu eu r* P) n <f n min o U3 '0 o- fs n ce ce er O' o o o 

.-4N<iON-roovo|p70 orucrinru® 
O' eu »o o n T- -• <fjco in o eu 'ûo ro 

o<truNin<vj-tfN 

OOOCU — -40CV 

OOOOOOOc 

I I I I I I 

(uNinno'^ruN*-tNOO'CC‘^NocN4-i(u(u-«Ninn 
o-opvp-^incvj-tfeu^rrcnintfrocrin—ú^oin- 

oeuo>f — r^<truO(uoootol-^-40Mnev;(uo 

SpnOvCeuOO'C 
O' ^ CT a? N -C 

mcraYcrcrcoceQC 

OOOOOOOO 

O m n (UOOP- 
(uNcuP-ruh-^o 
UDvTNNCOCOOO 

Y >0 
0 0 
et *3 

r n 
-N 
CTN 

O 0 
T CO 

oo'tT'Oin <» —o 
y oi eu tu rj ci eu tvj 
p. n y ro pi ro n n 

O' 30 

nn 

o <f n 
-• >£ — u)o inoin 
oc — — curu<î<t ••••••• 

O <T 
<t in 

Nh-NNNNNNXCOCOCOCOCCQOCD 

ó — — eu eu eu ro p 
• • 

ro ¡3 et <3 >010 O O 

p) n p» ri n p) p) pinnPiforoPinro 

ooooooocoooooooqoooooooo 

11 i i n • • • i i i * 

<t — p~ o o ■n cu;co in 
i^ — ^aoeuiTMOOinN 
vO S N N CD CO O' Ojo O 

— ino'4—0'nMco'5,(vjon<t(vjp> 
ruinrorucdin—coO'iT'OO — — 00' 
o eu — o •- (U pi pj¡— o o ru n — n n 

(DO 
m 

(UO 

ooooooooo ooo OOOO 
lili II 

oo 
I I 

ÆNmo'oocr<(r,o-oKW'i)r--C'N^o-nvftcocœoroino«®oM4<t<i<)M-.cf43(MC42 
na‘»o®a’al®®No«œ-«œ-n'OC--j'Cl®ow4'Ciro-in < tn s ce o; o-es ® <» <} mor-®; 

mo — N neorooi^oin-'û-p-tv 

eu n 4 -4 m ifi »r c 
O) ¡O O ¡O O O & C 

N (0 X C ooo 
.C'OD'O ONNN Nf-NNP-P-h-N 

ru 4-4 m in m n PT d o Mo pi Y1 ^ 4 r 
\T ce -o in N 'Y n o 'Y 4 0 4 P rJ 'C r 
líi vO (V, G 4 CT PI d <t - IT- P» U» '0 J' - 

(un4 ■.-tmm-ofHP' T y o ooo — 
\C OI'C 0) •o o o ooo oo OP-P-P- 

o m ej o p- te pi p 
® ru o 'û eu 0' 
N IT) on (U o C P> p 

>T 4 - ce 4 ■ 
O u 'Y C o I 
O 4 • • • • 

— sû 
J«# 

(ueu~Yn4 4U'i|eYDP-scncco' qo o — - oi eu p^ p 
SP-NP-p.P-p.pIlCDtOCOfflCODY 

N re ro n er 4 0- 4. tr m o m o uy 
J • 

O tu P!(v P- ej n ru n n N 
• • 

4 UY 10 vO O <X CT 
COrpCDCriDCCCOCD 

0«D0»n—Nin4lOO''ÛOinOuYe —GO'4 —fUP!A"OSeTcnP‘.'DP.— 
4 ^ P- IT '0 Y o] o tO — •■• P; O' 4 OjiO O' OC >0 lO ^ P^IC1 CT P- 4 <3 <3 t+<T 
r» mp* >0 o n co cr-jce o o Y' p n ce -0--00 -o o o- œ 410 n — o o ve- (T •“ 

— eu P-J P-' ^ Y 4 0 P- K N Y1 Y 0,0 o O — e: AJ Al P' 
NP.P'P-P-NpP'NP-P.fwP.Np-P-r'CYY.YCOYY 

4 4 10 1010^^^ 
rn cr; CT. YMO CO OC (T 

,i^,Y'4—pnO'''Pi(e4r-io^4N eJn ^454 04^40 40'40'pvp- 
■ r. 00 pi o r ■ r1' o eu o u» n o in ai tr m — te 4—p 4,cp-ncvCPicuo 

. (0 v£ o P'N — 4 Y. rulP'O PYOO 4 S - q<D AJ C C n N O s;|Tï - m 0> ru O P- o 

AJ 
T CT 
ruP- 

c o 
av co 

o tn 

■n en 
• • 

r> (T 
Den 

m O 
If) (U 
4 © 

— AJAiPr'nPY4 4 
AJ AJ A1 AJ CU PJ AJ P| 

iruYin-no^P-Hptmo o 0* o 0^0 — — eu eu ai n piir 4 4 4 in uy 'D © pp-p-nyyoooo 
et r; oj rj e a, p cr pi ru aj "j Aj n p'i -p n n n ^ r. -y Y-.n n rr y. pi n n r, n r. n n n n n 4 4 4 

163 

; ;. .-y ^ ^ ■- ,• 

. . . . .3r - - . - - . 

lA^^-tMfiiit^lfliiiiàiJIlíArTiÍli^itiiiiwi^ 'n I'[ I r r îU-a.»sWm. . - .. .--¿.-liiJL’S-Iwi 

A
L

L
 

V
E

L
O

C
IT

IE
S
 

I
N
 

M
A

C
H
 

U
N

IT
S

 



mmm. 

o 
sz 
oo 

<D 
CD 
S- 
ra 

-C 
u 

o 
-Q 

E 
CD 

-C 
U 
(T3 

S- 
O) 
CL 
CL 
Z3 

I 
00 

to 

<G 
C 
fO 

>> 
Í. 
o 
u 
QJ 

’r-) 
iO 

U 
o 

JZ 
oo 

r^ 
UD 

to 

CD 

X) 
03 

M 

< I 
K I 
«í I 
O I 

H I 
71 I 
O I 
cr i 
n i 

y i 
u I 
C I 
1 I 
(O I 

« 5 

œ 
CO 

• N H ►- 
OtOOlljUJ 

cr in uuj 
J • d. U- 

to 
• a 

K d ^ 
i cr o »¿I h o ^ a? 

>n • « • <? o 
• o d r o li • • 

II ro vC 

u 11 
-r-jr 
- r-’ o c to o or 

-«‘-«r ct~ n T y < 
r ", j ci" *' r. 
> > in < ^ 1 «T 7 I I 
«J<n uto 

1 .«.. 

J H 

ID 

ÜI 

D(0 
tn V 
tOh* 
UJ <• 
a 
a 

DlL 
- I 
n J 
< < 
a u 

OH 
< •- 

a il 

ii*l o 
cm r j 

N 3D ¢7 a -« oj n ¡n 
«NcvjCNirofororm 

7 < 

in N 
^ c 
<C vT 

- U 
H C 
a j 
«Í ui 
a > 

vC <í 
<f rr 
O (7 

CM — 

nNa, C'O^cMro 
o ro n ri <» <» <» 

nj cn h- ï'cm n <j ví 
4 n tr c <t ' 
P <* <t f r' ex.. 

• 7 <} ro r> m rr 
<T CMP N o r* 
n o O- C cr cr N n 

ro ro r«MO K i ro n ^ i r* ) CM CM CM CM OJ CM 

D r+& C'<3 O (* 
■ N CM CT rn ,f> 

cr cp cr r* h- ‘0 \ 

n »-< or s p- cr — in i/i •-« (t- r- ip o >0 
iMCMnfMiT'£:<t^.rp n<?^CN ■nr 
ir>í<f<ímforr|\|p-'PiP''-.^-.-H 

D 
in « 
1/ in 
ui a 

r n 
O IT 

<í N 
in cm 
o 

y « 
uu 
o o 
X j 
tn id 

> 

cm in 

(MfO 

nro 

OJ I 
X J 

< 
b O 

O ■OI 
no 
(7(7 

ID 
u 
z 
ID 
a b 
iu a 
u 

ro ro 
r~ n 

ni- 
3a 

rNcp^crr-.-M-í 
r« cm ro o on n r o 
o — nnn-To 

a<í(7ip-cc<íp 
cr^cnccaDNNn 

PO-í'TOiM’or 
n n N r-. t' <í 

ojnncMCS'To 

N vo n n n n n n 

M n n n cr p o -« 
3 <» 4 <r <j <» mm 

M c' 4 n n n œ O' 
rinnninnnn 

M CT <J P) ^ M (M r 
T if r; C vp ro o 
on n nir ir ip 

f o<* o 
1/ CV Cl 
4 *t 

CM CM CJ CM PJ fM CM M P. CM CM CM CM CM (M M PJ CM CM CM CM Pj CM 

IM PJ PJ P .1 ^ *h . 

N r <v r n rr 4 
(T' n o n 4 r r 
cr ip <♦ ro <f vf r> 

4 PJ o 4 MP 4 P 
0' O «T C (70 C P- 

cr r c n 4 r ? ^ 

T c r- n ro 
o o n n n n n 

C'TNn4rr'PJ^. 
P4444444 

O C O *-* PJ PJ O 'C 
' c o 4 c n pj c 
o 0 uo n o (7 P- 

r n — — ns- « 
O o o N (7 

o n4 ro pj-< oo 

444444(010 o rororo nrororo 

40CM—rorcns 
ro PJ N PJ N P) co o 
o o n n 4 4 ro ro 

n 4 r n n co pi 
N oo N 4 CC 0 
PJ(MPJ-«^^*00 

TM CM PJ CM CM PJ PJ P CMCMPJCMCMCMCMPJ 

nro(7 4'û oincronco 00:0^40 
o o es ce r- 4iîo (7 n n ro ^ a 

4 n vû N N CO (7 ^¡Pj r O 4 n n N s 

ronrororon 0444444444 

rooN 4r-.cn® 
fONO 4 C r^ n p. 
Oo— — CM Pj ri 

mpjcnrooNfo 
0orN»-.incp) 
ro444inninn 

-»cMinNoccNOCMinovMa'ocn^inN-O’pjn ois n n c 4 n n 
4v0O4 4inNCMNCMCMir;NO4invnNNnNC4 on n 4 o ro n PJ N 
o^^pj4onPooopjo«oo¡pjf\jnoo40rHrjnor-.noopj 

00000000 
i i i i i 

OOOOOOOOOOOOOOOO 
Il 11(111 

r 4P!oaooPi 
' r-. 17 N 4 0 7 

o oc cee ce 

pico 4 n o s 

o n i/' ^ n cr o ' 
r n 4 p o 3 s i 

CM Pi CM — r-. • 

e - 4 rr pi n 
i e (p 0 4 n « o 
■ O C' o o o c o 

n n o n ne 
-oro — r c no 
—. — Air 4 ne' 

d c c n n n 4(0 op- O C C T 
3 roornrofo roroJoronor^CMP pj 

< n 0 n ro o ce n 
S (04^00^ 

r-< — — — D O O O O O O C 

^nrrcNTpjs 
n 4 1 o o o n f" o 

4 S — 4 rr p.' N 

M en n o n n 4 c 
o ne pjn c pin 
7 œ n n n n n4 

— — t s pie cr 
■M N pj n pj ce n p 
ÍOOPJPJ——o 

M PJ PJ PI CM PJ CM PJ M CM PJ CM PJ f>J CM PJ 

4 n - n o n —N 
iP4 pi —cr ron 

0 C C C O N N N 

4 — (7Nn4rr ro 
n4PJ.-00'TN 

n n n n n n 

n o 4 n e — — —o 7N 4 — n roc 
kC4 — a'inoONl40N4 — N40 
c O’ o o r^pj no^n nnNNce 

0N04n(7^PJ 
sno OPiCiT — 
tro — — PJPJP. 4 

4 4nnnnnniirnnnnnnn 

o n 4 —04 —en—cmpjcncM 
n c n* n o 4 e-ncpjoon n 
n on n ce cale <70o — — — 

— fvj pi f\j r 

p OOOO O OO 
I I I 

oo4t/D4npjroNOroNNtr — m<7P'ne40NNe4 — pjvfr^iroon 
n n; co — cm — o n o O;n 4 o n e — cm nlpj o e n o n e r, c ro e o o o e n 
n e ® <7 (7 c- en e n n.|4 n pj o ro n n n — a. o 4 piq\ o 4 - en n n o n n o 

n o oo o o 00 

c n cm e ir cm <7 m 
4 ® cm n e n o o 
cm pj ro ri n 4 4 n 

i pj pj nj pj pj rj c 

pjroeenooo 
nopiN—Nno 
— — — — 004 pj 

0000 OOO o 
Il II II 

4 e n - o n n pj 
m CM <7 0 P'n PJ P 

4 o n 4 ON ro 

ro 4¡ nn P- e c o — r |4 n o n n e 7 o;— — cm o 4 4 in -on Nroeoo — cmIcmio44 n n ■ ■ 
0^0^000444444 4444iT. nionnnnionuinnnv/nennee 00 n n -c 

n b 
3a 
- i 
ne 

n mi n e o nene coin — n r cm n on 4 4 — — ne n ro 
N ''i r'j n pi n c s- o — 4 n ro o — — o n n fA n — m <♦ n 
n o r o o n on- a in ro — ï- c n 4 p r n p n pj 4 n n 

<r r ro 4j o n c an o o — 014 n n n n en o o o — ro o 4 n n r 
a c* ro ojn o ro 10 4 4 4 4 4 4 4 4 4 4 4 n n n n n n n n n 

au s- roano^n-orYfoo-ANn nn -trocí — oroNro4Pj — eN n ro — ^ n 
r uj o r ; 4 — ro j) pj 0 c c- n 4 — n n p; c 'L ro on p» on 4 — r 4 — a-, n pj e n 
- n n ejoi n o 4 e — n r 1 0 o 4 p — n e pj;o o n n — 4 a" cy' n e ro -n o 4 n — 

40 — 0 NONO- 
pi pj 4 ro n 4 — e 
C*'n'¿44'Ú4P- 

n — ro e n n — * 
n ro r. o n " 

e n e e40—^ 

.ONroero — — 
ui n n n n n on 

rj ro ro 4 n 0 r- n 
n n n 0 n 0 'û -c 

« pj cm roo 4 4 4 n n n no NNNeeer. 4700 — — —pj 

n pj o n n pj o o 
cm e -o pi e o pj e 
Cl T o) o -r c- N o 

cm cj ro o ro 4 4 n 
CM CM PJ CJ r} pj Pi P: 

164 

;.«.As. . 









T
a

b
le
 
4
-H

-W
F

3
T

(3
).
 

F
ilm

 
ti
m

in
g
 

d
a
ta

—
S

h
o
t 

1
1

, 
W

F3
T 

a
t 

3 
fe

e
t.

 

5 2 
UU 

a) <t nro 
• • m 

il it 

OO 
tt e 
U-'UI 
NJ Nl 

I oIuuuuI 
I Li I U) L. aJ Ü1 I 
i u I to tr i/i in i ! 
Id I \ N N N. I 
I in I • • • • I i i N id 1° in i 
i y i n o in o i 
i j I co m o o i 
I *-< I n n m i 
I IL i I 

I UJ I 5 s y s i 
I O I UUUU I 
I Z I I i <r i in N o o 
IF- I '/) h O' r- 
I in i • • • • i i <t 4 >t m 
i i 
i u I I W I I on i 
i y i i i i 
i IT I 

I .1-0001 I O I r oo vû I 
I Z I i o — (\j I 

I 
I aJ I 
i i i *í i 
i o I 
i it i 

< i 
F* I 

I 
n i 

o I 
z I i i i 
H I 

I 
5 I 
J » 
*- I 
U. I 

0 z 
UJ hi 
r? 
< K 
UD m 
ui<c 
r uj 

a y 
o J 
it- 

z *. « o F- Ct 
10U- 
z 
OUJ uo 
« 

in 
— in 

T 
OH 
d O 
LIZ 
NLJ 

J 
U 
-a F-U 
« T 
H F- 
CO O 



tv , uv 

o 
sz 
Ul 

O) 
cn 
s- 
fT3 

E 
o 

O 
-Q 

C 
o 
Í. 

>> 
S- 
fO 

S- 
CL 

I 
cn 

cn 

03 
c 
(VS 

£ 
o 

L) 
CU 

03 
s- 

4-> 

U 
o 

03 

CO 

CO 
Li_ 
3 

I 

CD 

QJ 

-Q 
03 

< » 
o I 

N 

►- y o tn o 'jj Lj 
<i in 
• #llL- 

I COO'C'II O^CT'O 
• • er o 

• O 0.0 C II • • 
II m 0 ; 7 ÍT ro in 

-« Ido a o. cj 
c-c 

U I 
o I 
T I 
in i 

LJ II 
er h 
o >■ 
t- u I h- II I 
< rr «L o 
er D o n 
ÜJ'n ►- DQH O K- M 
a in y <n:u x/’Ih* 
r u Dirti io~ o 
LJ a. X i. ¡ a *-* j 7 
♦- a Q, L- < -i- o 

Ll Û < IJ X •-* 
K h > Ih in H 

'.¡< 
U> jJ H D -jJ o '0 'Ú 'S 
— — <î r . •-* :r I '( «ï 
r r ja.r-'U '? r 
a* > i «o ï r ii' 
< «r o uin um 

> • 
< o 
fr 7 

Li V 
J H 
U •• 

Dm 
m y 
mn 
il < 
cr 
a 

LJ 
u 
Z 

a H 
lillL 
IL 
IL 

m h 
D II 
«- I 
OH 
< *-< 
U. IL 

^ .... .mi'uvjutpiw 

in^Ncrn'O^tvm^iirvfsa'oo^fv 
(M (\jifM (\j (\| m m r*) n ro m n m n ro <# ■«i <t 

O >f. t C'j o c ni O ^ 
>r C n: C O <• 1' n, h- 
<î r» f*' c\Ji\i o r 

VOO 
a? cr 

m mro r (\j o o m 
<t c it r m ^ 

o ’f • L'm in 4 <t 

h- G 
er J 
< ÜJ 
a > 

m •-* 
m m 
u. a 

<t r> r- m -p ki o^n-TM>oN<*<ro 
nm k\ r ... m — rr m m r 4 cr <t c n 

-.ni nj ^ N K o ^ o o K N 

n ar 
o cr 

cir^n onjCNiniNjon Nin-t 
cr'NNNO'CnininiCLnir'it-íit^ 

n cr 
« p) 
cr it 

N- in et' in m 
O' ce O ro ? D 0 vC 
O N -t i\l O' N to m 

> 
t- 

y - 
U U 
G O 
IJ 
m üJ 
> 

in n 
- ir 
vC m 

Cvi (M 

mt- 
DL. 

Cl J 
<- < 
a u 

o- vC 
m oj 
cj r 

h 
IL 

LJ I O' IT 
K O 
o r- 

«oo 
n (\i 
— o 

niiro ri} itmnfMcrinrnjK^t- 
N oj er o' r m — o [-1 o o <t cr ir o. 
er cr o n vf C' vf ir ir m <t <t <t k r pi 

m pi k. pi r cl eg OjCVJf'JCVJCVjOJOjC'.CXJOjOJOjOJOjOjCL \ OJOj i\jOJCVjrvjO.'4 OJ (M Oj o. 

K <t m vT K mao 
<t<t<t<t<t<j<tin 

\jfo<fin>ONOoj-. ojrpitinfNrr 
ninirmininin-oio o o £ o v v v 

PO N iffg^O — fJ <tP O it T k r 
^t^rJoa^.rooolr f 4 r' 7 m > 
mo.oj(\j — ^^.^pococctr ' 

NiKoc o^it cr 
0 ' vf P c n 4 - CT 
r’ K* r1 OJ OJ OJ OJ -< 

co a n mro m <t j) 
cr — c mo-« 
-« — — o o o o o 

oimnm<t 4<t « 

O <? et K N o -« O' 
(T OJ û OJ CC OifOj 

O CO N m <T K oj 

<titnK)nnmr' 

7 m £ ~ ~ m o 
o £ <t K o N «£ 
a c O1 c- c- c m cr 

m ro — o et et <7 
t m r j — c ro N n 
rercrorror-N 

COOOOOOC D OOOOOC O 

oís 7 oi-. -.crmDccn — 
oj m 0 iro -n o TitKiN<t«t & <f 
o K o r p n m miN 7 k • r ("f >n a 

7 0.' N m K n — 
n o m m n c K c 
^opvcrKiTi^O 

J — OCTN 0 m -4 oj -. -« o 7 an n n 
4 44 mro rmmmroromojnjojoj 

ojma: am 007 
oj oj oj m m n o n 

o et en n m -o m 

pjroojojoiojojoj 

m — o r m n-ncomGmN 7 — m .-Nin<tm4 mNosojer^oo-m-« 
7-4747 ' N 4 O N 4-^70 4 ~ N m m ^ cr 4 K -«07Nin4 
4 4nr.rj 01 OJ-<-«^00077 c PcrcoxcocrN nIn N h- 0- £ £> £ £ 

m m 4 4 - m K 
"»l OJ OJ OJ Oj OJ OJ OJ 

0 4 0 O N £ -* £ 
7 m N OJ 0 — OJ N 
mm oj oj •-« —« o 7 

OJOJOJOJOJCLOJ. 

OJCVJOJOJCVJ OJOJOJOJOJOJCVOJ-^ 

-i4NCDN£40 
7in-’Nm7m- 
m4ininm£N x 

n nm rom m m r 

-« moi co4om- 
m lo ce o m £ cr »h 
n n n o cn x x 7 

0000000c 

4 K 4 N ^ £ r , 
07^-^^4- 

0 7 7 0 7 o — c 
o c cr r 

£ c £ m m m m ' 

£-iincr oojro mmi\jocomoj7m'mo4cno.in.-*roimN(eo o»-*—-< 
o oj o* oj CC' m ce m m m ce cm N oj £ -«;o m c- m x 01 -• m 7 p> s r- ¿ 0 4 r 
oj 7 7 o o -« -> ojlf-j ro m 4 4 in in £'n nn crT'7ooô*- — ojojmmm 

mmm4444444444444444444inmimmirmuiu'.mL'' 

n m ce 4 o 'O •-< r 
m £ CC •-* 4 £ 7 • 
0770000- 

O O O — — — — — 

m c 4 o £ -• S m¡4 o,-0-iNm40|m^«Nojrr47Lr 
4 £ 7 r.; 4 s 7 ojN oojmNcinccommccomincc 
-«^-«OJOJOJOjr)m44 44inif)ink££££NNNN 

74'£Oincomo|N£^«C\j£Nm7<*-'P)£rOSOJ7£OCOin£7^*0-«-'|cOm£mP'>ffOJ4 
40J4r>OOOJir^40j740£Oj:om«Oj4-'0-H£40JOOJ^.OC¡crojNmC70lN 
-•o^-«ojorj-j4oj-«rocojo rJo ooo—»-ooo»-.^o — o-<ojo-«riOO^-«c:' 

oooooooooqoooooooooooooooo 
I I I I I I II I I 

oooooooo 
I I I 

-<{\r£47oe'>mcuiomrvioocvNinN<\j-«mfO£m£7cn4£4<e£o.~74fs' orcr c. 
4 4'oj74 7^* m 4 mniC'£0JN'-*4 Ni 7 « r j oj oj « o ecm o n r,7 4 4 7 im £ c r 
OJ o I £ 010' in Oj ro 4 q £-• N P» CO 4 7 4 7'líi O m O m O 4|4 7 P. X oj n £ Oim C 4 £ 

4 4 m ££ N CO CO C qO*H-« OJ Ojm ro 4|4 m £ £S MDCO 7 7 O Oj rom ri 4 4 l* m J £¡ 
roro;mp’¡mmror''m4444444444444444444mininirinirmmmminmmir 

mi- in £. £ o 4 o n m m ui £ 7 o -- £ in 4 £ £ 7 ce oj £ n 4 — ce o 7 r j oj n m 7 m m o ri m £ £ m 
D L o -^N N 7 «n m 4 o mo 4 4 — — O m 4 7 0^00- OJ 7 N If. £ 4 4 OJ m 10 £‘4 7 m O N 7 7 — 
•- I — c 1 4 rj o N O X N -iO 7 £ S 7 Oj O ^^7 4 O 10® £ 7 4 p N ;vj X 4 N N r 14 O N 0' — 4 7 . 

4 4; in £ N N N cr 7 Oo «-< OJ 01 PJ P, 4'4 m £ '0 £ N N m ^ 7 O o — — OJ P' m v-t 4 4 IO o n £| 
rommrmrommm4444 4 44444444444444vnirinininninmmi/'inminu'' 

oj -« 7 p» ,p fNj ^ n. m m — 7 N m K o' m £ 4 — 7 N 4 r.. t 4 — 7 -o m S m oi 7 £ ro o £ m o 
o -o; — s m 7'm — o i\jt> 4 o n — n m ’ 4 c- £ oio- ri m| 0 oj cr m7 m £ c n m g- r -.£<•, cr¡ 
cj o; m m x o m vj en -i ^ 0 7 — 4 n r »-•[ 4 N 7 oj 4 N 7 r j> o fj if. n- o £ X ¡o in ^ — ro n 1 
.•••••• ••••••••• 

£ MN N N a> ® X X qa ^ 7 r - o <.>0 'vj OJ OJ Cü k; p) 4 4 4 4 10 10 inj£ £ f O N N N N 

169 

: 'l' J .1. ^ • V -.1 V- ^ ' 

ilMMMMft ....U ...K^-. ... 





T
a

b
le
 

6
-l
l-
W

F
3

T
(3

)a
. 

(c
o

n
ti
n

u
e

d
) 

^ IT P N CT a O r. «Í iT ONCTO k î\I vj 'A C N 'CT''?' O 
r» m m n r» m <t 44444 <t <j 4 p ut (A U'Lf ii> ^ íAiA O 

h <3 -< (? *' 4 —c 
rvi f-j cv — c 
O (A ir lp IA tp 'P I 

r 4 i"c P- 
tr rr r er co N p N 
P ip f» 

c o C C P o a jip ‘A Ln <1 4 4 4 <r k* 4 c 
vtP' O 
NPP 
4 4 4 

OOOOOOOC 

C Pipn.HCPliPf'PiocrpiP^'jrvoO'P'ii'irp 
0 4 4 4 4 4^^ 10 P t'" f*” P.l fM CJ O- f\l CV 

OC’ oooooobocooooo 

PJvP — CT O C vT ce 
rp -« lA CT PI V O 4 
<\JP! -< O O P O 'P 

•X A •« P '0 O W' r'' 
CT P! N- a P Pj 

P P >P P 'A \r 4 4 

OOOO OOOO 

iPOinOO—PN1 
pj pi ^ o 0 r 
TjCPCOCPCrcCNP 

00 OOOOO O 

lA s «‘PO P ro -« O D CT 
p p.1 cc r**. o 4 0 'P —p o 

m oi <v —• r-< —• o o ^ o 

oa N 
»-o o 
44 4 

000 00 000 

^LO^snoiPPjbip.-icniPpjcr'.o pjCjd 
CO X) Œ P P vG sû 'CViA lAlP444nnpiPJPj 

pppppppp PP P- 

OOOOOOOOOOOOOOOO 00 o 

■o iP n pj o o P volip r p, -« o cr p vo 
oooooC'O'C'T'Ocr'O'rP'cPcr 
rornrprPrppjPirjPjpJPjPiPJPJPJCvj 

p^«4PorA»û(r: 
n p o n p o ro c 
PPcncocno'C'A' 

ipnpj^-oo'crp 
(Tfrn'AcrPPt- 
pj pj pj pj cj cvi pj pj 

VOIP 4 
PP P 
pjpj PJ 

-• 4 P O Pj 10 CO O TA lA CC O CA IA P O 
0 n «o o rAiûjvnjVûC'PJ'Gff pjJ'JO' 
O Ci C) r" — — PJlPJ PJ P* ro ri 4 4 4 

co cc co co tL X co xico X ® œ X ce œ ® 

PJ 4 >û 
PitAcO 
ir.iA la 

X4 0'4OlAO,P-*PPJPrAXrAO4fT'lAOlAo0^* 
X O1 -• 4 P ÎJ* AJ 4 P a PJ 4 P O' CJ 4iP O PJ IA P O PJ IP 
44tAlAtAiAsC'GO'OPPPPCC' X'X © O' O OOOO 

nn rj n n rm © •AfAfAfA PJ rACA Pi¡rA D© P) PI 4 4 4 

OPJP 
POPI 
0~T-> 

lAPJ*-4PJvOO'^X*^'í>PJ4^l/)'OiAO^®‘0 00 

'AOPJ4 lA*^4*-*PJOOPJ'£)OQ' fA;^ n ^ q q ° 

OOOOOOOOC 
I I I I I I 

®iûr)^W4oinoinor'Pocj4-oœoo^^.»-oia‘©p 
C' 4 0' 4 X CA Q'/ P! P — IA O 4 © TA P «-• IA o 4 © PJ x O PIP — 
PJ© a rA©0 P3PI0 4 P ^ 4 P —< 4¡© 4 C»^©© PJ;LA©PJ 

•-*^»-<PjPJPl©tA4 4 4 lÂ © © © 'Ci© P PPXXTP'jOAO 
© © © ce © © © ©© © ce co © © ©. © © : © © © œ © ©, © © er 

4P O 
O'P © 
OO O 

PJ 4 PJ © IA © ^ -A O © ;A ^ O P O pi © © PJ 4 PJ Pi P I IA P 
«©^^©©^-iPj^P»-* QX'-'PPJ —P’ »-TP IA 0' PJ 4 O <0 
4 ©; O' P' O O 4 P O 4 P O U'< P PJ IP © »- 4 P -» 4 © O 4© •- 

^»-•^•pjr'j©©‘r’-t4 4©©ir'0A©'PPP©©©T^0'O 
© © ce © © œ © © ©©©©'©■ x* -a © en © © © © on © © ©® T 

4 © PI P — © T © P — IA T PJ P O 4 P »-• © © p| lA A1 Pj|©T PJ 
4 0' © C ©< »-* X1 P P © © P' C' 4 O JTO J »- X Pj P ( .* C. ^ © 4 
P O c j A P o P. © ; r OPI •© P ' r o p i ia © o r t -r o © 

4 4 lA lT IA X> X' X> P P P P © © © : © T p 
© n r> © r, r r j •• n p n ^ r n ry ©■ ^ 

171 

•tl'CllK'Kiliuii' .'•«-vV.M-t' n iwftdtPMÚsMICilMiiltMi-vvúàâult 



T
a

b
le
 
6

-l
l-
W

F
3

T
(3

)b
. 

S
ho

ck
 
tr

a
je

c
to

ry
 
a
n
a
ly

s
is

- 
gr

ou
nd
 m

ac
h 

st
em

, 
b

o
tt

o
m
 c

h
a
rg

e
- 

S
ho

t 
11

. 



T
a
b
l
e
 
6
-
l
l
-
W
F
3
T
(
3
)
b
.
 

(
c
o
n
t
i
n
u
e
d
)
 

!n) '*î ’r» P N n 0 
loOO OOO' 

. - o ; vf ,j 

a cr ^ c c 

■i. "O ci 'Z' Í' f- ff' O fj ■■■< *\i rO 4 If* ■i) N lí1 ' O —• ' I K ^ Z> O N <T f*' 
., OJ (\J N '‘M |Oi (\j ej r » r<1 fri f»'p) M f*-. m ï*, <? <j f<i <J <j <î <î <» <t T |0 iZ» Ü) lT> UT iH l/iiD r 

z c> ^ cr f’' ^ •-< r h io o tr o ip o v'' r> r — h cj ^ ^ c 
- Th- nIü.-ip ^ s*^ r» ri irg --* o o ^ a T ^ N N 00^^ * 
^ s s r- |n r r p r- s n p |r n n r ^ sf* c P p «r .c c >0 'P r , 

'0 O rn N -h iT 0 ^ >■ 
.0 .0 <f r" r. <v - r-! 
N r- N r N h- r • ■ N ^ 
• ••••«••• 

O O O O O C O Ojo 

, c C <P C <J c¡4 ^ 4 Çf '0 O >0 r-. 
•■* c ^ N N r :' r .o •-< -ï 
o o vC P c ¡ ; •/ Z ■£ >i' ‘0 r P 
.•••••••«•••••* 
' O o O O O 0 ,0 O < * O O O O O 

N a co -t o P <\i cr 
cv r »-« ^-* •-• o o O' 
> >r o -r /’ r ‘V in 

ooooooco 

»-• ON 4 P N r»' 

4 <\' ? vT <? -o -r;-* r O ^ 
• ••••••••• •• 

rvj CM — C' C ;C 0 0,4 
(\J C\j CV1 (\J CVJ (MC\; Í g C\J fu eu «- 

T O P ri-* C. O ^ O 4 Pi "T 
P '0 IT r b- o O’-' OJ 4 . C- 
iP o ^-. 4 'r p r« ■ «-< o o p '.r 
• •••••*••••• 
4 4 4 CO'- ''r 0' d'T N N N 

r, N : o p - * 
i O T N P 4 

4 r P P N b N r ° c p p p 4 4 4 
P iO p ir p m p p | ‘: p P p p P P P f- 

— POP —b-jp 
rj p p — P p r. 

p S P 4 ^ f«1 

"■ n O 4 p N 4 CM '0 p CM C O P O n - ^- 4 O N 4 OJ c N in 4 (V - O C 0 

4 fV O T 0 4 0. -14 b- .3 4 b' -■« O P!b- P 4 ^ — C (T b- |w p 4 b rj — 4 3. 
SpSpPPPP»|4 4 44 44 4P¡'»nnP PPOUCVJ 00 MPI ru CVJCVJ- 

##•••• •!••••••' 

rvjp — POPOPO O — p OJ P P 4 P 
P44r<,pOJfU — —oor* * Ppr' Nb- 
p) P P (0 P P P/ p, P p 4 4 4 4 414 
• •••••• 

-- b- —T OP P 
r 4 rr — o *7 T 
’ P N P 'O ro r 

* P lH P P P P P LH 4 4 er 4 4 4 4 

— b- b 0 P -N 
4 ('f O'OI (V — 
r o p p p pp 

P 0 P P PP p I 

p P O b- 4 —P 
■O r, r 0' 0.! 0-1 — 

OP p P p P PP 

c OP et C 0 C 
- c 0' c : " b ' 

C P O T P O'O N 
— O O ce” 

0 P P PP PP 4 

oocooooboccoooc 

'J N P 4 P b- — 0 
f<- f- N b- TT 

I n rr b c P 4 
• •••••••>«*■« 

4 «tpb-nppp ^b^^oir 

o (M OJ b' p o P Oj 
r O - o; p ir 0 t- 

P0'CbC'OO»-,pj4Pb 00014^-(^-4^0^^ 
.0 P a rr ro ri — o C P b- 0 -0 P 4 ^ f\l OJ — O O C P - ü i ■ i r \ ^ V ~ - — 

, — — — —— — — — ooooooo 
.».••■»»■■«••••a 

r- 0 ' P 03 P 4 — b - 4 — b - 4 — 

b O O P P P 4 4 4 O O’ ro f\j 0' OJ 
444 444 4 ¡44444444 !••••' 

CU CU*- O O P N O 4 P - O' S P r- - CC P P O b- P - ® 
O 4 CD Od OCb tOK-* P ib OJ OO 4 U) CT " ’ 0 O 4 b- 
p PP PP pNb-¡P P P C O O O Oj- — — OJ Ol b-, bin 
• •••••••'• ••• •••«••• 
ppppppppipopp-p 

D O O o O O O' ¡y • ••••••• 
------oo 

r, p oj p, p n o b- i’-i oj y s 4 Oj y b> 
— - — o o o o y ¡~ c p p p o b- b- 
4 J 4444 4 0,,03 0)0)01^1^1-001 !••••••:••••• 

o* p y n c o 4 I 
N o p P 4 4 "3 ¡ 

b y, c y y c c n ' 

DOOOOOOO 

4 OlOb-pn o® o 4 01 OP P 4 Ol 
b b- N P p o pp n P '3 P 4 4 4 4 
03 r, n r o, oj ron p ro n n r, n io 

• ••• • • I • • ••• V. * • 

PCM® p-b- 4 o!pOJ® fOO'P OO - 0OJb-OJb- OJN OI® - roP aropoj o OI" o r o 
P®0JPa>0lS!O4N-4®0J-0yrjPC0,PO031NO4N-4N-4X-U^«---^ 

4 4 4 P P P P p b- SNpPPCbCbyCOO - — OJ0JlO10't0r0 4 4 4PpP Û O b- b- b 

• • • •• • • • •. • ,-*-*j^flvNff;c|r;CC.cr,QCcCa;rcC0ppa'XpcDX®®®®®®® 

S ^ s S Si ? Ss § S : ^ ^ Ä $ n H ? v# ^ r>, N - - - - !- - - - ° ° ° ° 

wrStCwÑrCcííCwcCw^wrlrlrínññrl^nr.Dnnnr.nnnnr.n^nnnnnnn^r.nr- nnr.r.nn* * *<, 

^ ni rvi — OOOO—OO — OO—r04iOJOJOJOJ — — OOI——OO—O —0,00000 . _ 

M b- oj b n P n o , ¡ 
O r\j Ti b- o cg P b- 1 

— — rj rg Oj cu j 
• ••••• 

44444444! 

OJOJO) — — fOOJfO'rOOj 

• • 

b-pppoojy o — popP4boiNCb®Po®yyp®^w^rv0'^ 1 
«i »■ i r, onosinro .-t '(\¡ o inr, <í f\l — rolPN PXPO) T Ppb- 0 — 4 0)04 ¡ 

o --— oo c 

oo oooo oo DOOOOOOC1' 
III I I 

u)^noj-y r o npp vO 4 - b ojppy oy b 4'opy O.p O'OP 4 OJ® 4 o4 b- 0,-^noj-c P^ 
r- £o^OO 4 O Pb J o 4030. - yb w/4 OJO® p 4 - O P 4 - O ® ® O b 4 O b 4 

b-ínynbSSoS® o J So o¡ b — pyo)b — iíí! y oj®o4®cj Ply n b o 4 ® cu P,y 03 b o 4 ®-p oj® p 
n b — p y ® b • ••••••• #•••• •«(•••• 
p p y y y o o —i oí yi oj ro ri ^ 4.4 p p p 

® p 

y 4 y o-> p X 00.' b oj oj o y P p o ! 
o b ® o P o. ü'P — b o", y 4 o P oj 
C OJ P O ® b O 4 ' 

— y oí p o p p 
i r- p o y ^ 

py4 b-py 
.. 

® ® r y o o o. 
p p o P b b b i 

i, y y o o o — — oj oj o j ® o / ) 4 4 P P P 0 P 
- -: p p ® p ® p ® ® ® p 

<r1 "3 y y o 
yo o co 
<r a oj P o' 

X o p P»o, 
y 'y rj b^ 03 
oj P y Pí a 
• • • 4 * 

o> n n 4 4 
b b b b^ 

p o b Ci P o-, o: -.-.-10-4 0 o: —, 
y — P — OJ T ¡3 03 b ® ® r* O r 
o b y ® p b —. p o 4 b X - 4 

b b ® X ® C U' 
p'®®p®x®® 

r, — o P ® oj oi o 01 p y p y oj P .. 
■* p o ° b- ^ p p"^ o- 4 4 y c r*, p 
: — b O OJ b O J“ ' 0' vü O 0 b — U 

p pin p o P bib r p ® o ^ O 0.0 - - OJ OJ o> P n.-^ 4 4 ® P ® ^ P 
fL s b b b b b!b b b b b b 03 X'l®, X p ® ® ® ® P X P ® p. ® ® ® 

4 ^ P o 'DO P — o — P — P — ■ 
4 y p — p n b o 11 4 y y o p 
p o o) o ® - n rv1 — o. .-1 y - 
• •••••••i* ••••• 

p o- f. b o- a ® atP ' 
OJ O OJ OI 01 b| (\l > cu r i 

^ o p y 4 r.3 ® r1 b — p o 
3 c 4 e p c ! o — b 01 ai 
} £, a - 4 N,a OJ 4 b C 

4 4 01 4 b 
p O P — b 
arjpy- • • • • • 
p b b b ® 
¡» p’ T P X 

o o c — — — n 1 
i y c- y y y y c I 

OJ 4b 
y o®y 4 r 
e o o i rj oj ■. 
• • • • • 

rr> o. r* r. o c 
® ® X ® y r 

® o P 0" 
r — o n -c 
ú'O— ¿C 

r y oj o o -1 b — P ® 
^ g OP —P<\ib ”10 ® o 4 O P 0|P — 0 

•J S C Oí O b O r.! P b O (\. P b O C' P 3V j 0) u . ff O O- u 

p y o;Pp oj >0 "■ r 
b o» X r'- ; r 4 ? - j ' 

r 

. o. n o ; 
03 o) 

',',4 4 4 4 
0) f, '•i o ;'o 

3 l3 p o P P 0 r b .a c r f* c. o t'C 
p 1^ r. 4 4 4 4 • 4 4 4 4 4 4 

173 



T
a
b
l
e
 

6
-
l
l
-
W

F
3
T

(
3
)
b
.
 

(
c
o

n
t
i
n

u
e
d

)
 

V. ir O' O r-. c 
\- n c. -• (\j n ï h £ N cr o -• <v r- -1 i/r n k T ■> o - K1 ^ <¡ *»? r n 'P ^ ;o — <v (2 4 Í c N^ 
[o i'» u h r-NrNf'.NSr'ct) ff» fc n ro en cr T) cd a; O 0' 0' c* P' O v> J' í7 í<j o c.' p o o o OP o ^ ^ ^ 

? ipic f 

•'j n: n, ni ni «j 

ip oi 'K p cv p n^nr n ^ .¿i r«i o <r Ir» r i o MO DJ o h- P (V o 'T o 'n — P ^ 't n.' or* 
fv ,.. r.‘ ; r, ,r if vf rp <♦ ¿j ^ <• r- K ^ r> > rvn.i a: — t- ^ c- o o o o !(t 0 C' C o- cr a ri Nf- f» 
r / tr i T id jo ir m ir m ip r u* »r i/v ip P ir it u' i " [r ip ip 'p p ip ip «k <t <? -3 o --t <j p v> < <j >t <♦ 

IP (Y O y IP ^ r-« CT kr 4 nj s IP fP C ÍP- iP »-< P h- iP <î pJ P CT >P IP rn (T 
P (> CT -r n- o' r h k N N P >P \C vP 'P-P1 ‘P iP iP <i <t <î kî <r r ^ ^ n Ou 
<T <î •? .1 ^ <i <i k < C T vT -J <f ^ ^ 

OOOOOCOC 

oi r\j nj A1 OJ n aj nj (»j rv nj 

pp'P-drvjO'pN 

■ d c d d d d k <J 

cd 0d n^ocrpiPmojoCTcPvPp 
o. rjoj Ci evo1 — —U* — — oo o o 
<J d d dddddkddddddd 

OCT (T ^ P- r 
O r- rn '4' r-' C " 

' IP d r 

• oooooccpoo o o o o o o o o o o o c o 

•d^lPNOiPr-^Ajo ^ 'T (r'-- 
' •-« d O c0 N O d ,N r- tP T- C l 0 O ifi 
' r- rr "0 o c- c m id d r* oi r : -< •— c 

4 -P »h t ip nj 
r o; r- ^ P 
r "T N N P Vf 

OOOOOC'OCpOOOOOOO 

^ a CT P O OJ d 
P C 'P O P — P ' 

f rn ^ rr 

P IP U ' 
d d d d ? 

r. oí o c tr 
C O O O (T 

^ rn T A’ r d c N 
L’ oj N m r d o 'P 
P^ooP'p err 

OJ CvjCM OJ (V C' C'OJpi (\J ^ ^ ^ —i- 

■P f\j O -• P O d ^ P ^ y CT y P' d O 'P fi oj CP d CT 'P ^ 'P CT 0 n’ 'P d 
V\J M -4 r-O C- P C t N N P P P d d!o m m P.1 nj -« -4 o jo O O CT 'C CD N N N -0 vü ^ ^ ^ 
er a> o c o p ai a\r y xerer or. t) cr'cr cr x xx xxcpps n n n n n NjN n n o-o-nn oi^r-o-p-r-r^r' a- 

OOOOOOOOIOOOOOOO o o o o o o ooopo ooooooooo 

' e o o o o o ole- o o o o o o c 

- N- dOr-^ONf^ON d o 
D IP IP if. d ld d m r > m a. eu ai 

o T 'P d en r-< 0' h P d CM CT N -P d m -4 O X- N 'P d (M *-«)0 X N 'P d f» PI O 
rr, r A- r. CV PC ' I p AJ -H -4 r- -Ho o O O O o 'O CT O C c ^ a C 

rn m m m m m n r r en r, m n a. a ryx a a a m ro m a ¡m ai ai ai aj pj c\j cvj; aj ai pj oj ai ai pj o¡cj ai ivj aj ai pi ai a, ai m a, cy aï 

X P* IP d A Pj *-*;0 CPN 'OiPd1^ Oj—vOCT AN 
A CD X A P A N N N N N N A P- X- X 

P A O o 
N A p -p 

N A X P 

N d ep 
1-4 00 

NN N N A- 

o d (O AJ in O- r"0 o Al X n X) O' CJ n a aj ip x o n x a co d n o aj x r- o aj d n p d o x;o aj d n ^ ^ aj d. c m o cj d 

aj ir. X- Al IP X 'vl L“ C PJ if) PJ IP A AJ tp:x AJ P X AJ 'P a. - X A - P X d X:- d N O d A O C A O ' - ^ ^ ^ ^ ^ [)1. ^ 
A X. X p 0 n* O O O -4 -4 AJ A- PJ Al "y AV d d d'p P 'P X X) C N A A X X C f P O O O C ^ AJ Aj P J A. P r n d d d P P 

X m X X © X C O-.CT C- c 0 (T CT CT <T CT CTO'CTCTaCTO'a'CTCTPPCTC CO'OCTOOOO 

ddddddddddddddd dddd 

d CT- d O P O P •-• 0 \£i A AJ N AJ Op1 A) X A) X d 0' d (?• d P- P O P O P O] P 
o pj p X o n P X o A a, o o p X o x p X c r') P o: o ai p X -* c i © 
a» n p aj d d d d¡P p p P X o p n a- n n r X P X ct;p O (T o o o o -»—« 

-H .0 r4 c r4lN PJNAJA-AINPjNPJPAiX 
A o X. .-4 Al D) © — Aï f) X *-»Ai P X -4 m 

Pi ¿M CJ AJ A-,P) P n d d d d P U-) P. P X P w _ , _ _ _.._•••• *•• ••••• •:••••• 
d d d d d d d P U) p p UTjPU) P P U! P P P-jP p p P P P P P P P P P P 

4A)MnP — pcTdPd«- XNvCCrAJ-4-4C'00-PPaX PICT AAJXPPJAIOXO^^-^AA- d.'ÛPP N [pp o CDAI r ^ Alf>, . 
PON d an P die..' dA)AJdONPPPAJ~P POPO X O - a N P di*-Od d N P A CiU O' O'O'N P 
000-400-40 -O CA-hOO -.o O Cvj PJ AJ O (M —.A —t A AJ — O OcjoOO 0 — 00 O O O O O —« — Aj -4p O — O O 

I I Mil 

> o o o o o o o o o o o o oj o o o o o o o o o o o o o o o o O O O O o 

j ï I M I M I I I M M I M I • I • 

P-P O d N OAJd PPPX A CJC- A- dO n AJ N Al PO A 0 0' - A P P N N N N-f P AO N d - N A CT 
N A P d CT d O A'O P O O P O P C d 0 d X A N CJ P - P 0' A X> AJ P O. d P CJ P O d a PJ P CT A N C> d A - P X - L X 
P or A O d X-P 0- A. O AJ P C AP CT A. PO AN O d N O d N -4 d a — d 3. — P X — I £ — P X Cu ) X A.PX A X X 

eu A* Ã Ã d d d P * P £ P r- A A r.. r x P (T o O O — — — Aj A AJ A A, r* d d d P P U! P O'C N N N X X X CT¡ CT C' O O O 
aacrc Î(T CTOOO ooo c cra-a r^c c O 00000000000,000 oooorooocoooooo--- 

d X O — p O — —•' d A A O C ;A d O' r P A .-t N o A p p d A o AJ o — fj ACJ A (T X X T C/A X O d P — J 
5 ï ° ^ ^ ^ ^ f O o r d!o .r .n o x rj ci cj,- a ^ p t o a- p p ^ a - a x o - a x aj n - n aj d^ 

AC» [fl —4 p X A O P C' AJ d CT ivj A O P) P C f\J P T -4 vf N — j.' A — -.11 X Aj p A O P ' ' 
N C A P — P C C. 

ri^ r. ^ d d PiT PP A n N a X r ^ ^ o oo — -h -4 di rj c ■ 
CT C 0 O 0 (T(T y CT C C C 0- £ CT a O (T C r O O O O O O O O O 

ï A ^ d d d PP P £ P'-'N N N X X T 
ï o d o o o o o o o o- O O O O O O O 
4 — •“< — — — — — — — —— — — *-»-4-4--< 

d X c a p c*- a- if r 
— P A A CJ A A C •<■> 

!••••••••• 
ryx ^ a d d 4 d P 

I 4 d -1 d d d t d j 

« A d P A O O -4 X d P A 
. r\J|A AJ N r. A 

• d P r ' -,d . 

' £ r J A1 A N T ' A r T o C 'n O O - . A! Aj o:< 

J 4 f d t 4 d I 'T 7 P 1.1 3 ‘ P ' .ri o i, • 

o -4 n er X 
■ 0.4 o Air j 
d X o P CT 

o t. o o o 
O C» -4-4-4 

O X X -4 d fl xh -4 d P X — A P N O a: d P X O ai d P x (T — x P P 0 
n - * o P o c ■ -4 p CJ A ' I N r ■ T P 1 A C d J d C d r.. p O i 

4 P C’ Aj d A C C » d A 0' D) d A G' CJ; d A O aj d 

d Pi P X P l f.P 

-pPPPuiPPPPP 

174 

■..— "up.. 

... 
.‘a" 

; . » . ; ■ .TjiPy*! :V 

.- VCu...,» . ■WjüaürJJÜ^^Ùàil. 4.1 Ul.L-1 

A
L

L
 

V
E

L
O

C
I
T

I
E

S
 

IN
 

M
A

C
H
 

U
N

IT
S

 



CO 

•M 
o 

JZ 
IS) 

OJ 
u 
(V 
4- 
5- 
U 

(Ü 
<D 

“O 

o 
I— 
<u 

JD 

-CL- 
4-> 
(V 
Cl 

O 
CL 

0) 

CL 

Í- 

un 

12 
I 

CO 

r^ 

<u 

.n 
fÜ 

IL 
u 
c. 

1^ 
v’L 

T ç'r\ 

|X I 
kn i 

m 
cr h H 
<j u U) 
ir u in 
• U. IL 

o 
4 ui m 

••} O' 

u. ?;<>j • 
« yi-m 

u; tn • • cr 
• ai? io-« _) 

N r,l 
vO Tsi o ni h o 

IT • •! • 
• r>\ r o 

h n 
DO Cl 

iu h 
a li 
D >- 
►-UK II 

t i i^— Dir K r »- o: 
a inv (.-)11 i 7 r 

!U r- Í L. ;| a ~ J - 7 
K a c> ir <r h d 

LI c l Ttl>l »- 
!-► > 0' ►• 

Li uk D¡ú O i/i ¡0 cr 
- - *r C - Q ; (. «Í 
r r j n i L' - ' r 
5 Mi «t > y »r '11 i 
< «r a >)<t u in o ir 

I'' U 

it 

û 

I L. 
O I 

K K 
X L 
O I 
►H I« 
UJ D 
X O 

c f t ,r \f) n rr -1 t 
f 4 -f -J 4 <J 4 <i -i 4 

.-r.f») si if 0 h ^ 

.n / 0 S if T T. V.. 

O (M lí ' fT <J r l 

’ r h — -j ' j 
•. r , V fs L i fs 

-.••li cr / f- 
0 . I 'L 'i'l- 

O ^ '/ 4 r-. 
: r ir V. 4 r 

<* r N K 0 <J f ' 
' L I — T /' o: r- (, 
Jl'LlOa *- N N r 

:• o cco c o -- 

‘ o: •/' ro- 
■ <vl T 4 M 

— < s. r- n 4 ; j-1 
■ r T 4 r Ir 

r r i. r r • 

4 -1 4 4 4 4 

•S T AJ lO 7 r ; 
-or t-. ui c ■ 

— — - r c r 

" I : o r k o 4 r- a 4 K o 4 n — 
' (s| A -1/., 0 0- rr A. C : M r o "4 '0 

--) .» s-? 1- ir in >/ vf in K. k cr -o 

. 4 n c 4 r n 

10K 
DL 

O in 4 -• f' n 7- O 
Ti rMirjf' <t M r- 
O O Cl O O C si r-. r-s 

nj cr -j oj rj rj ' j 

> v-t N m -r I ' • r C m 4 ‘0 o 7 ;"■ A -o S O O C '0 o n 
r- <t vC iT O n -I»- — — -ON fO o''0 r N -4 h AJ IT 4 In ./ 
nj o o o f ' -c !•■-.' -■ '0 om •-< io-«-* o o c — 4 ti cc " 

0 o!c 0000 0 0 ole c 0 0 0 0 0 o'r 000000 ojo 0 0 o c 0 0 ob 0 c> 0 0 c 00, 
ill i lili I j i i i i i i i i i i i I j i i i il 

o u n 0 -0 c m r- n ^ <f rH r. n 4 rr -< rj'O r 4 o n ti in 4 .n -n 411- 4 N — o 0 • 
O 0J 7 N \C U 4 4 '0 IP'.N X O M 'O ro — 4 N IT C MN A —. i/l O U' C 'O O '.O— >L •-* N MO l 
C 0C.ÍC U'N C — r « ;0 fs l. M 4 0 7 Mum O M0) if. Oil*) 'Off. O M t0 QC OfOO T O U 0- 

oj tv rv m m r- ro m 4 44 4 in in in u m r c r -o k n n r : i) ai c a o- cr- o b o o - - - - o. ' 

o -« o cm o j or o- ® o • 
4 lo'rj 4 c n- — r c*!- 
0* 30:0 ^ 4 IT in CO C 0'- 

X M CM o 10 nj -mo C r-t u o C M vL' 0J CM o OJ 4 10 n o I— Oj ^ 0J M . 
4 N X, X »-« O NO o. s0 O C C C' IT - if) S N CNN UO. 0 Cv X r. 0- • 
^.N ro -£■ M 4 -n C- — -T r CM C U — 0 X — 4 C a: «inj C- O J' Oj X' ■ 

m N) ro oj m m 4 in in 4 uo in in <> ir n -£ n n n n n n x a x a- c o a- o |C o - 

lnocM0J^lnO'^rl^lC'Oc^JCMX^no4 Mví'nc^J7 ,' —n c-oo a cmc 4 aom«£,mT r.ucmn, 
o c c n n D-Õ •-« o cTinm o oj inin n o x c- n N mu cm j. o o x m n 4 xid 4 x- it c o o. o 
CM O'PJ CM-n^-OCMOO^OJ-i^-OOOrO OOO C-H ^.^,00 — O OiO o o O O X' 001 

OOOOOOOOO OlOOO OOOO OOOOC >0 0 00 00, 

10 K n >r; n X m m ro 0 vT 0 — -■• o r n in n ^ 4 n o c c ''i x x — x 0 u in 0 0 x n 0 n - n m 01: 
D li CM X CM O' X C CM CM ^ X -1 (~ 0| /, N X X N 7 X C 0 -• X C- X 10 X> C O -- O-7 T X X C N 4 C. 
— i X «I'm ^ o X n X X — c oi-i -. X •/ rj c - -: r. o X n d r cvi'’' x n 4 o r o.,n. p- c X -p o m-v 

X C ;O ^ (M Ojn 4 X X! 0 N X, O' c O - - 1 x 4 4 -n n C' 0- N CT r* O O » 
X P'i 4 4 4 4 4 4 4 414 4 4 4 4 X X X.,X X X X X X X X-jX X L': X Hi 

CJ O, X \C n O' 4 O X O1 CM *-• OJ «-I x —* cn o- r i A, O -< O N C tn- CM c- O X N 4 X « 4 r 
r- N ; ^ O! 'O 'f> T -1 Ol r o: :0 X — X -n 4 -* O O N O -/1 I- ^ ' M •/) N T p~ OMO n 0' 0' ' 
fs. r l!M C M O N f- M -- N 4 .n OJ O' A ^ 0. 0 — 0 O " - O / r 'CT 4 0 r- <t 0' 0 OljN O'' < 

Av M M 4 j) c 
a -n X «n n m 

-n o¡ 0 0 — m P' <1 X -ni 0 N ti <7 0 C' — ' 
M 1 4 4 4 4 4 4 et 4 4 si 4 4 X X ' ■ 

- -A -/ rs-,N T C' 0' 
11/- n X X X X t) X 

: o « orrj m .-. f . 
: X 0 n X £ J : 

1 N O M X M r- AJ .1 K cr — o 4I ,n X 0 — M 4 X N X 0 0 — < 
— c' :j s r- i • o m n 4-m n . o -- -.- ¡4 c n <r 

I X 7 AJ, , • j f. > ) 4 r O »• C ' I n * Aj .,1 r- 4 N • 

« CM CM CM fO m1 n M <3 4 4 X X U’-, £ £. £) N N N X 5 T X 0' 0> 0' r • O O:^. ,1, CM < < M P I 
. rj cm rj ( j cj . M fv cv o a.. 





T
a
b
le
 

7
-8

-W
F

3
T

(3
).
 

T
ri
p
le
 

p
o
in

t 
p
a
th
 

ab
ov

e 
sm

oo
th
 

gr
ou

nd
—

S
ho

t 
8
. 



T
ab

le
 

7-
8-

W
F

3T
(3

).
 

(c
o

n
ti

n
u

ed
) 



T
ab

le
 

7-
9

-W
F3

T
(3

)a
. 

T
ri

p
le
 

p
o
in

t 
p

at
h
 

be
lo

w
 

id
ea

l 
su

rf
ac

e—
S

h
o
t 

9.
 

sBsm 

I O 
N O 
-< • O F- H 

»-• r>‘ üv/iuj lu 
in (/> • ns i/uu u 
• û. M ^ J «U-O. 

< i 
n i 

? i 
G I 

y i u i o « i i i/> i 

lf> c-o 

• UT 
h fr in 

ui h 
r h 
D > K 1UI- 
'f rr — 
•-r DC. 

o 
P O*- 

C-J r 

r> o h 
7 o' fi in 
3 0 0.^ — 
O -G 
in b- u 

J G II 
:! Il II II 
ri G h- O h- ÍM 

Q tT 7 id';J I 7 T liD'^lUG^O 
Utr Il.lG -_l-7 
na CD G |,i < Lu o 

n Q¡ -•« u T ~ 
H H > H 1.9 H 
7 7--:/-.: U < 
L UH GU. O CO G a 
— — < C| — ;> I C: < 
g r j a ’ «. u ^ a 
5 > ii ■■f.y T < z '.n 

? • H G 

T ü 
C I 

u <r 
I u 

C u 
< <r 
C G 

LU IL 
y i — j 
H < 

U 
fl 

UJ u 
7 U 
a h 
IU U- 
U- 
U. 

o 

ï u 
o I 

ui — 
X a 

o -* cvj r*. <j j-» r 
4 >J *3 <f <J fl <t 

<j a r 
r T ^ r* 

r n fl r 
L 

IP - 
C\J u 

N Xi •J' C) rvj 
fl fl 'S S. f 

H H L" 
■r o -• ï 

r» . r . ^ r fl fl 

vp 7 fv tT N r 
p o G vT »P r\J 

rj a g p <? a u 
N. r1 N fM s M 
4P VÛ p N H a 

1 fl fl fl fl fl fl 

X /) « ff* fl - f 
n a »G JA oc ig .¿) 
C CM >\l O 

cv cl n g n if r-< o vc ip 
^ H ^ H vP 'P 

‘ O O PJ O fl cv O — 

fl fl fl fl fl fl 

o N fl O h G 
« fl T- C (M 

rr. r*' (G <t 

ro r-. — oj c n 
— T1 OJ (7 LP — 
(M vT A c\j m ir: 

00!0000c>000000000 
I III I I I I 

IP al CD O O »0 O O' PI Ch Pj O' - (T O 
O' CT IP G O' If) '0 O G!N rvj n LP m 
O fl CO <\J tp o ro 0 O r- X) o G «û o IM • ••••••!•••••• 
odo*-. — — pjfMf.r^rprpflfl fl i/i 

HH CD O 
I II OlP 
O I If) - 
-LO 
LICÜ O O 
XO - 

UJ 
U 7 
üJ 
a h 
U U_ 

10 H 
DU. 
— I 
ÛH 
< ~ 
D U- 

0(0 
«rr. 
a: □ 

OiPfP —o O 
HflpjfOOrvJOir 

H ou r - o cc 0- o 

DW -• (\J N 
03 O fl n O fl 
X «P H O 10 H 

G fl fl fl fl fl 

GG|fl\£)Wrpflfl G—!OHfl CDlPh- 
OO — — OO — 00-iWfvJG»-4 

OOOOOOOOOOOOOO 
I I I I I II 

iPfllGXfpfl—flP.'HfTX'OOS — 
H IP W C"P PJ cr G en o: 'P o <J N O W 
p CVJ X G O LP O u : 

CM GG fl fllOPÛHH 
flflflflflflflflflfl 

COf'O'OOO 
fl fl fl fl IP P 

OlnflPfl GPHSlOioNtPflPfl 
G (P c p G If. w <r —i K CM O cr P O 
pris fl o 0 — 1/i f ' H;-* O O PH o 

w G fl IP tp P P N K, X P O O O — 
flflflflflflflflflflflflflflpp 

CM P G X r) 0’ 

li I u P >ri P C- O M r- fl IP 0 P h g o O 
? U. X r I CL G c A O A O fl c 4 0' A o- A 
»-* 'P '0 rl — fl P O — fl P '1 -H A '0 o A 

0 OIOOOO — — — .-iWWWWGn 

179 

■ .... 
¿-^fcjSÉU 



T
ab

le
 

7-
9

-W
F3

T
(3

)b
. 

T
ri

p
le
 
p
o
in

t 
p

at
h
 

ab
ov

e 
sm

oo
th
 

g
ro

u
n
d
—

S
h
o
t 

9 

in (/) 
mCLHh 

inao^c 

#vOH H- 
tnipuj ii 
tnimn in 

^ j »u. u. 

« • »I 

h Min 

U) II 
a h 
D >- 
»- UJK II 
< n *- L 
a do c 

z or iti in 
DOD 
C 

U 
I u. < 
0 U. 

_ M H II 
ÜJin*-OPhW*-<M Q (/) ? (n|U I7I4- 
5 UJ D in IUI 0 0 
ÜJ cr I u: n j - ? 
I- Q. 

Il' Û 
(nu <l. o 
i ur - 

tn 
Z li! W < 
luoino a 

G X d < 
0' «J U «í D. 
5- I « I IT 
< u in u en 

u 
ï • 
« o 
a z 
u. 

:.3 

MÉÉMMi 

h h 
Tü. 
0 I 
*“ J 
ti «r io 

(/) H 
DU 
*- I 
O J 
< < au 

H 
Ll Ll 
y i -j i-«t 

N CD 
nn 

O O »-• CVJM <í *0^ CD O« O 
r*)<í<í<»«r<í«»<»«í«incn 

cxœ^c'ocoo^*»-' 
•-•<íf-^<íKO<tO0 
en cr ce o o o- o o r-* »-« 

o o o o o o 

(/) 

»coriitM^N-ojcnO 
0 «TAJ CD «i O iTi »-«•-« *0 0soU ^.04 rirent m ü’ 
n < <j <t < <t <t <t <t ** 

(/) 

— OC' CD 
<0 0 —• «î 

■« C\J (\l 

cn^ «i o 
- O ^ m 
<0<0 f- N 

in^coin -*(T «t ^ or- <r or- 
c\j in*- o m tn co •-« «o o — <t t- c 
o ojo — — — ~ cj ryj¡n^ n r* 

u en 

z 10 
O I- 
L'U. 
IL 
U. 

O O'1 
CJ O' 

h-H 
I U. 
U I 

CM <t 
in 
m o- 

»-«O C m CT CT N m O M O 
^ c or —'•Off ^winoocd 

i|o oj cv m c- •-< 
• • c • • 

oocooooo 
I I I I I I 

OO O o 
I 

c N O <r O (D M 
sevoe <î^ <V!<Î 
cvvO 0' n^O' c c 

UJ ~ 
IU. 

CD CD O O C O o O — — 

ht- 
X u. 
U I 
— m 
UiC CO COlO 0" c> o o c\j 

(M <c 
K 
<ÛN 

^.CMOUDCVIDCTO 
c\j m o*cj or- 

M M •-» <t CMi * O O 

I O 

10 
u z 
10 ai- 
ii.u. 

n r- 
O CO 
OO 

Wb 
DU. 
- I o»- 
< 
au- 

r*- *n cm ro m »o 
c\jinœ~ 

e «> c « 
CVCM CVJM 

n ^ CM <f 0 ' »0 <0 or 
ro^»NCMirnr)»n 
O — O o O O O • • • • • 
OC O O O o O o 
I I I I I 

-.r- o m 
o <0 'O o 
o n »T N 

riO O CD 
o co m m 
OO O O 
• • • • 

OO O O 
I I 

DMO <t 
in*c <c <t 

in cv(c\' 4 — b t' 0 o r 
oc’ »ü<m »c c o c< r- o 0 i 

oo'in »h r- ^ o m »o coin d1 r- cm • •¡ #••••• ••!•••• 
CU (V! fO <î <1 IT- (T <0 ^ CL cr O a O 

(DI- 
DU. 
- I 
r (/> 
<r er 
a a 

n m 
<r ^ 
— N 

IT IT 0 *0 CO «-4 O. (V 
m r- <n cv r. <♦ cur- 
inwcC'«(DinN»-« 
••••«••* 
o <s <îirio<nscr 

UIO 10 'D 
y uj œ n 

CM CM a «o 
0(0 O' oc 
r- r i r- •-« 

0 0' O' O 
<» «a <î in 

0 o o ^ cm 0 ir <n 
ce ri c <t c <t <j 0' 
— 400 — <1C — 

oo o O — — * 

NON 0 O' 
<t 0' <f O' 
«tvO O' — 

i8o 

\ -, ,i'. . ’ ' ■ :-1-41 

. .v-.áMfifli .•ifcâíUtófiiáv. ■ : 



! , 

0) 
(J 
fÖ 

s- 
=3 
1/) 

fÖ 
0) 

X3 

5 
O 

0) 
-Q 

+-> 
ÍT3 
CL 

O 
CL 

CU 
f— 
Q. 

•p“ 
s- 

n3 

CO 

h“ 
CO 

I 
o 

<u 

ftj 
• a >? f'i ' 

CJ (7- o f'l 

u in 
5ÍN «mH ►- 
r’oin O Ui UJ 

a: in uj in 
J «U. U- 

o 
f\i<M 

Il O <£ 
-qc O II 

C'W 

O' II 
D 

<j m 
b o er - ^ 
o - a 

«f i 
h i 
«i i 
o I 

i 
K I 
Z l 
o I 
rr I 

i 

>• 
ü1 »- II 

er De r.¡ h o li 

p m y i/\ L! T Z Z 
:■ u.OviuJO^O 
iu:i lujn - j^z 
K a d m li «î u i o 

u i al ^ u ï - 
H H > 

l.1 < 

U I 
n t 
X I 
m i 

Ui u ►- q jj o m o a 
~ ~ < fi— ^ T ft < 
rr ") .j nx <í u r. 
> >. I *í I I I 
«t « c >l‘iuinuif’ 

^•» N fT' 0 O — N r 
-t <t <} <1 if i/> ID IT 

tv tr- h i •»i o tr n n f* f- 
3 r ^ r - -ï N f ^ t' 

c y- 
D U. 

O N 
iT cr 
o r 

f -I 
< «i 
a u 

ir n X — n <î r' <t 
n o J-' rr <r ^ <t 

<J 4 T lf> lT <i/ o N 

a' <r |o in — ^ c in — 
^ O p T G' C r' IT- 3' 
— (V n' nj oi r-' f“' <î 

- J 
- 4 

u 
in 

<* o 
O vT> o oj — c m o ■$ c 

in n — cj m n 4 

oooooooo 
i i i 

K»- m ir 
X u. u- a 
o I O' *3 

0 4 o »o n oi ro 
4 '0 >i; r. <o m o 
anN — 4Non 

_•••••••< 
.. ro (\j m m 4 4 <t in u 

lu. - — — — — 

)- H O' — 
xa oc 
oi o m 
— o 
u tD ni (\j 
XQ - - 

mvoooojvo — »- 
N^ccf^ — 'OCJ*' 
h-a^OW—vO® • ••••• 
fli CM 4 O 4 in m 4 

UJ 
a I- 
uj a 
a 
u. 

)in®m40'ONN 
• nomnruxúvoin 

-. rH O — O — OJ CvJ 

oo 
» 

OOOOOOOO 

Il II 

O I- 
D\L 

OH 
< — 

a u- 

o '.n o m in 'C 4 o n m 
oœicc-in-c-O'om 
fs. O' 4 IT1 ^ ® 0J N f’’» ® 

m -û va '¿i f'- ® ^ ^ 
4444444444 

O H 
D a 
- i 
o m 
«i X1 
a o 

^c 4—orounoo'T 
01 o!m 01C1 »n d in n h 
oc o1 m o m vc cm a if) ® 

ino-cNNHicro^C' 
4444444444 

(T—m n'X —4NC>fvJ 
c ink' in o >fi 
4 h ,0 o; un n o cm in n 

-.NcgiNJCMrofnmro 

181 

- - k. • 

- ..——mmmmmmmm» 



o 
-d 
uo 

T3 
C 
3 
O 
S- 
cn 

CD 
3 
O 
S- 

<D 
> 
O 

JD 
03 

4-> 
03 
Q. 

4- > 
C 

•r— 
O 
CL 

O) 

Q- 

5- 

-Q 

CO 

I 
O 

I 

03 

< I 
H I 
< I 
D I 

I 
H I 
2 I 
O I 
or t 
ü. I 

I 
* I 
U I 
C I 
11 
tn I 

ü. s 
— y 

r></) 
• Q K r 

<\j a o f'" 
o 

li ro cc 

UJ « 
cr II 
D y 
H Ü' ►- II 
< or *-u 
o: doü- 
ujcp»-« ~ 
o y V 
S UJ D in' 
uj a X i 
►- Q Ü 

U’Cl 
HI- > 
7 7-0 
UJ Uj ►- 
— - < C 
r cr j a 
S y UJ < 
< < 0 > 

*> IP 
N #101- I- 
0(0 OÜJ UJ 

CL IT U. lü 
J »U. L 

O 
Il O- <M f\J 

C M 
CCI! e e 
7 CP <MD 
do a - - 
0^0 
IP l~ 

u 
U- -r 
n u 

h n 
ch Oi- r\J 

■ uj 17 r 
UJC —13 
Ü -_)-7 
10 Ul < UJ O 
ïut- 

h ir h 
Z U! UJ < 
u. o ir. o o 
- Ü T 0 <r 
cr «r u «r G. 
y T<Tt 
< U 10 U’ 10 

< O 
a 2. 
U 

rjn 
< < 

«tiOiONcnoo — <\jro<r 
«J <J <J «Í <i <f 1/-)101(01010 

H H 
T U 
O I 
— J 
U! * 
xu 

10 

O <0 
O' m 
(0*0 

(0H 
DU. 
- I 
DJ 
tí <r 
a u 

10 

►- OC.' 
UJU. (\J 10 
T I —— 
- J • • 
y < 

UJ 
U 
7 
UJ 
a H 
U’ U 

OOJtí lOOH 
o fvi p. t— ip tj <t cp rj»oo 
O N K tf> CP O O- C O O -• 

• o* •• 
OOOOOOoO—^.^ 

OO'ffltíO'MtífO^H CÜIPN 
HroC'ioo'O^'O^ioiotía) 

4 ro <\J 10 tí tí U IP» sO'CjH H H 
• • I títítítítítítítí 

®tí OlO-N O) 0,10 —N 
NomocroniOicc — ro 
— cm (MPJ PJ n n»^¡n tí tí 

(0 'P 
O' io 
O H 
• • 
o o 

roo!—NCHCPtí 
O P CM P — — r : op 
CM O) o ff> — O — Op • • • • 
ooooo—oo 

I I I I I 

H H 
X u 
o I 
- h 
UJ — 
I u 

H H 
I U 
13 I 
— 10 
UJ CD 
I O 

UJ 
u 
7 
UJ 
O' H 
UIU 
u 
u 

10 h- 
D U 
— I 
CH 
tí — 
a u. 

O CP 
CM '0 

*0 N 
on 

0>P 
0(0 
oo 
• • 
oc 

I 

tí tí «* 

OC N (O 
O MD — 
m (M MJ 
• • • 

O O O 
I 

P O O' CD CM (VJ P P 
pcvjptíoiocrn 
— P o u") o tí P n 
»C6*CCC» 
ssœœc'O'Oo 

n n o m — O ’ <í o 
mP — ©CMPn.cvj 
O CM — P—tí OCM • • • • 
P H OD h 0 O O 

O PP 
oo n — 
O O'O 

p — P tí oc h tí P a — n 
||0 — P 0 O' P tí CM P CM © 
— — —OOCMC—O—O 

iooooooooooo 
III II I 

— p — PcvO'occcvcrcr—o: 
o n P tí cm n — n <> P1 c lo cc 
o Pi— h n œ tí o tí o n er cm •••••••••• 
MtíPPpMJHH PCP 
títítítítí^títí títí 

10 H 
DU 
- I 
C 10 

<M(M 
no 
COP 
• • 

< c n tí 
a c títí 

p o — 
P n n 
tí h n 
• • • 

ipppPHNcroooo 
títítítítítítítítítíP 

CM H CD n (MM co n 
típcPH — croiP 
o cc tí o r) P n c 

u: u 
? UJ 
— if, 

h 5 

(VP 
O'tí 
0 CM 
• • 
O — 

o o c> 
tí típ 

P — n p o — tíMcr n«# 
0' P C P o »L — — H CM 
tíNOCMp^cíVPHO 

— —CMCM(MCMr»r.fn«j 

182 

... kásaíliíi^SiíícS ítòiÊLia^ÂjJui.iAÍX^.l' .ÿy....... 



o 
JC 
00 

<D 
O 
rt3 

Í. 
=3 

<Ü 
(V 

T3 

5 
O 

CD 
X) 

+-> 
03 
CL 

c 
O 
CL 

CD 

CL 
•r— 
t- 

LO 

i 

CD 

-û 
03 

-Í »NHK 
SiOinouj li 

' • r ^ il iu 
• a^Q^J • U. U. 

>c 
ICDO'CjMO^-CC'O 

• O' O 
O O II • • 
z <r m in 
DO 31 (MOJ 

o-c 

_• « 
• O o 

ÜJ II 
a: h 
D 

CO 

< I 
I- I 
< I 
O I 

I 
H I 
? I 
O I 
a i 
Il I 

I 
¥ I 
U I 
O I 
X I 
(0 I 

I- liiH H 
*s r* -> i-i r 
3 DOC 
UC''* 
û 10 ^ cO 

: D en 
U J er X 1; 

tua 
> 

Z 7 

IL 
II II 

D H O »- M 
UJ T 7 X «• 
'll O *- O 
- _ ' 7 
co ui < u: O 

:«ol - 
en 

7 Ll 'H< 
u CMO o a 

- «r b -* a X a < 
0' _j c i c ■ < u «î n 
- J< ? I »1 X li' 

<<0:>)<UCOUCO Cl 

mrnmmmm 

«Í O 
a 7 

-j il >r^ "O r» o ~ 
n r, ri p>f*i r^> 4 x-t 

h- H 
T U 
O I 
- J 
Il »T 
I O 

r\jf- 
T C: 

en 

to L- 
D il 

^. c i ^ tn il h en c 
3 <» «j -¡J <f í <1 -t 

r>j N f\j f »-• jo o <î 
rr •/• T r :m ' 0 r 

1 r' <♦ <t -rt 4 in 

OOOOOOOO 

io h- c- n ce (V i* «t 0 

c nj .£> o c'" c 
N O f1’ If f- ~ 

- lo t o 0 c : 

o c o o o O O o 

ce ^-<AjM-«ccr 

Cl J 
< < 
3 L’ 

10 

C 3 
>0 -|J A| O N IC (V c In <i AI 7 *r O* O vC >1.1 <r r'i r* h 1 ^ ï' • V/ i'> i » ■ 
O »t OJ Ci A i -d Ifi 'C ! C A- en CT O' O • ••••••••••••• 

(T‘S 

AJ O' 

AJ a" ir ni o iT m o 
C a.' vD o no N -i ir 

A' r' m í <t <t in tr 

- J 
ï- < 

UJ 
o 
7 NO 
tu O N 
CT H 
ü' U. 
a 
u. 

-- Aj r 4 tC i) N 
i> ¡0 IT «O tf 10 lO 

re o o Ai "i <î la 
mn ¿-c J 0 l>vd 

CA A« A Ai i¿ r-> V 
î} ^ n r .1 A r 

h A-ANTCCTCr 

Z‘0 OOOOOO 

-U O %i»-i ü -iiC 
.? N p n <t A o 

c c c ■ o c o 

V. A- ro CT ¿ c • 
^ r- " r. il 

A' Al i 

NPIOA- < •^'D 4 
X A; L1 O fO N O <f 
0 C X' 0 N N T X 

OOA-T'OroOA- 
O OC (T N o m 

[fuO to IP IT IC IC lC 

PA' (T li' O <i CA 
• O c r O C AJ C 
y; m r* i <j en 10 £ C 

4 N CO O — -1 , 
N <1 O va: Al ce 

'-cr a 0 c o ^ 

f'tniniT'iO'C'C'O 

■ r in ce 1C1 ^ <r 
^ ir 3 AJ 0 O ro 
C 0*00 

N CO ' 

0 H. ■ 

A- 1.0 CA o A c ■: 
O O IT A Al A’ C 
V Aj r; c vi if L . 

c O^C'C <, O'* 

JP AJ 0 in AJ O' m AJ > tn AJ X vT. Al IC AJ I 
^ >j-Aj tr a r o -tf N *c a, X 
-AJ AJ Al ^ m ro «J 3 in IC to "C iT' A A- I 

PJ AJ AJ AJ N A.1 AJ AJ \J AJ r. AJ AJ AJ AJ AJ 

ro fA AJ O np ifi C iC <î N i0 ^i IP o 
N r. NO 'A OAJ -Íf A1 o A vf^AAJSrO 

(M 10 <J o -• O Al n -< X AJ <} o AJ o A; AJ AJ ro o — 

ocoooooooo OOOOOOOO 
III I 

i- O'<t N o a» en 10 <t^ 
lu 10 AJ 10 O 0 AJ © ^ a 
01 0 Al <t NC CM ION O AJ 

ro r,<j ^ icio 

A-1- 
I U. 
O I 

en 
UJ Œ 
I o 

N UP 
© © 
O'O 

UJ 
U 
Z 
UJ 
XN 
ua 
U- 
u. 

no m — najC'ioajon©nAiAiAjn©a-on©ncc|nAjooxœ*-*<i 
ip o iC Aj N n en 4 ¡010 — N n o» © ^(a- no^AjcJUi^lOtrAjx^rjN <ri 
© a. O 10 CT O n 0©»-«m©CC—^j©^**<iA*0'AJli) ^ O en to x •-« "O eT 

© ©Ni) «0 © © N N 

©O'AJA-NA- O <3 
© AJ •— <t (M © © 
©n©n<j ©AJ© •••••• 
ro <t n <* <f © © 

00 00000 o 
I i I I I 

rxorf'-‘©©© 
© AJ — a © CJ <t o 
Al n n © © o •— n 

00 0000 00 
I I I I 

r^AJOON- 
T -I © O A- O ^ 

. rr n •— A. '-'J O 

OOOOOOOO 

I I I I I I 

na- ©œ©œc O'iC'O'Oooo»—«— 

©rHA-N<rnM0 
(U <t nj n o 
N C CM -* O' © © n| 

© © © © © © N N 

©4 4 4©AJ©©n® 
O © 4 OCvJ © ©©|l 

AJ4Í—-*OOOOAJPO(i 

0000000000 
I I I « 

©N 
D\L 
— I 
DN 
< -- 
eu. 

i Aj Aj ai AJ n n n, 

© © n N X 4 © -te NN-4-AJoN o©ajcm©-vío© 
0-nN©O — AJ©XOOXN©OAJCC © X O' AJ AJ >0 N 1 
n O' © -• o- a; ai ©¡n © © n c* e 4 co t* — © X oc 4 •“ 

• •••• ------- 
NNNXXCMT'C'O'O'CO'* 

©©N©N©XXAJ4©44 4 0© 
n rj — 4 4 © •© Xo a cm © n — © « 
OJ _ ..4 -« A- O O OiO O O a: o — N O 

OOOOOOOOOOOOOOOO 
I I I I I I I I 

n©CMONnO'N‘ONO©44N 4¡r0 © AJ AJ © A. © - - © © O'N 

h O — » 

OAJO1©©©©^ 
© — ©O' 4 O'O 

pjo — — OOOO 

OOOOOO 00 
III II 

U) C' r 1 UJ CT r) r- i-1 u- r- 'l; v-» -w vi ■ - ^ ^ ■ - -- 
ncrnoxooo© ©In O' © e n © x o — — — o ® on 01 © 
.—- . »-s «ï c/- ^ .n fo — n-. ir nln n. ft K <r « n 14 

■*0 4 

O xi N © ''P AJ O X © n 
© O 4 X — 

il AJ n 4 © 0 >0 N © 
4444444444 

©I- 
DU. 
- I 
Q © 
4 X 
a-o 

©©n — X ©njoN 4 — N 4 —©4 

0'0'O-AjAjA^4©©©NN©0'C!o-*-Ajnn - 
44©©©©©©©©©©ICU)©©'C'0'0©'Û'C'0'0 

(M A Al A) Al n ni 

© O' O C ' CT' N N © 
'-©OAJNOA — 
004 — — — OA' 

OOOOOOOO 
I I I I I I < 

ylNNAjnC'04 
© O N X n N ■© 

N40©nc©-*NnCMPN ni 

Alnl^O©©n-©CHOAjN - O©©© ©AJ©©A0 ©© 
O' O AJ AJ 4 O © N n O O AJ © 4 © o © — n — o n AJ X AJ © 
N ni © N n OJ O' X n O O' O N © X © 0 AJIO N © © A Aj 4 © 

U’U oc 
y UJ co 
— © 
N X 

AJ A) 

O Al Al n 4 © © © N © 
4444444444 

N44©AJ©©|X©NOAjNnc:! 
© n X a © 4 o n |pj n n — p n n ©ï 
Al — © © C © 4 C © A — © — © A- ©: 

T O O — AI A n 4,n © © © N © X. C 
4 © © © © © © © © © © © 10 © LA © 

c» — — Al A n 4 4 
©X 0 © © 0 © 0 

C'©©XN©'rj©4nA — 0®N'n4A — ^Nunn — 
noN 4 — X©AJC,L<rrioNfOONl4-X4 — a ©A 
C n © O 4 N — ©|X A VÍ O n N — 4 ■ ^ A © P n Û C 

Ann444©©©'0©NNNXC © c c c o o 
- — — AAA Av 

© © © N N X c C' 
©•O ©©©©©N 

OXNNnXCC 
■C © © © 0 © © A. 

AN©AON©A 
X © CJ C >0 A C 0 
N — j'i X A © C r 

— ai a a n n n 4 
A A A A A A Al A 

o« .p _ rr 4 n © 
JO- c n C ©C 't, 

N © 4 X — © A >4 j 

4©©© 0©A- N 
A AJ Al AJ ru A, Al Al 

I83 

,• •'¿ijt-.sÂÛHJj«.. vint' 



T
a
b
le
 

7
-

1
1

-W
F

5
(
5

7
)
.
 

(
c
o

n
t
i
n

u
e
d

)
 

^ N N r N a1 3 i 

"n C' ir c rr < 
r s c r ir o 
^ n -t <j <t .- 

c ir» o vj h s-« K h ^ n <t ir .n N N n ^ <t ^ o ^ 
ir o tf ‘f o11- rj K ^ cr n rr r-. rr h n ?• 'T'cr a. n 
S OC CO c- 0-0 0 an*' r. <f <Î 1(1, H' W t' rT (T C7 c 

o \C"Q ¡c N r- s N N k s n rv^ aafv. 

coir^cTvt^TxîUa •íoNf^or'nn'^íT'tOfvjcn^K ne» 
ÎT* TT N O ^ CO »ï if p ai W C n“) « Í» ;C0 IT (V 0 O r, N í X O. ir 0 a 
SCT'Cf'CT'^r’OOO*-*—'Mf'irvjnr^r'^ s-j »r '/'O -T X K N rrx 1T1 O' 

r> 'T' C1 ONOjC1 PrVJ-CCff'-Tf-íCVjON'T f! ^4 O *-< rrls. q. s tn O <£) 
^crnst^cocTr-í^nox'!*' <t r> <j ^ <j <-* /t^.ctl-ícvoj^-.xN 

n « p i ri a n h -• o n' o ^ vC N |T; o -j ^ \0 r, lOia aj x- 0 

ij ‘P -f N r> f> o 
T a rr an O ^0 cr » C ^ O' C* >00000 

nj fO ül -c N- CO ? U f\J Pi <J If: 0 

- r- fa o 4 -« t- ir cv t 0 4 4 'P r * 
^ 4 ^ ^ ( I T f ^ 'T' •-« 4 t- 

■ p f 011* N jn 'f X fi* O' 'j 

•: nuNi Mcj ovj 

vP ni 0- ir 
. vT if o 

D — a nj '*> 

' X ' <r t <r 

p'pnrnpv»-)r>(y) p>p n p> pt pt n 

.:> 000000 o 000000 
III II I I li I 

N -4 O cv ce n*' mar-a <t .pomcDro •oni^. o»--*!nï)rvjvO- 
-< O o ^ •■* o n in ni ^4 o n- u't p* ai o jo n x' o n a ^ C|X n- n- vo 0 ui 
rvjvfn-oPit/KT^^s CTCdipcD-.^iccnjo:^« 4s o:ip ¢-4^0 

4 4 4 ip 1.0 in LP vC1 p o 0 n> n n en c ' X <r n o o o o -4:-< ni rj cm pi 
4 (\j nj cj cvtnj c\j nj nj nj m 

40N ûinP'4P:oa 4-4^01 ocnoox'o-4onjPinjoa'{Mnp> 
o ainj a -o « X- ri¡c. o 4 o no m 4,0- p-- o cr ro nj o pi 4 o ce n n 

ao >û 0 4 m inccirvjco C'O X) N N ^1100- 4 00 n o 4 x -onnn o 4 

4 4 4 4 miP iP in|o vO O s N n X O'.O' ®o ooo>^o-*^(Mnjnjro 
■• »-< aj nj<\j n.nnj nj ni nj ni cv 

n n O1 n œ X, ^ X n ni n 4 — nin^Nh-^niN ^014^0-010010 
OJ N O N N in 4 C' Û o P- OJ O P- vO xl-. O 4 OJ nr 4 X ‘O c -0 in •-• 10 o 

o o n 4 — -h o rj o « nj —« pi ^lo* r- cj ^ n ^ o o 

o o o o c o o 00 < 
ill I I i i 

4ow — -oNinOci ni,s Cxxrf'Nnj4njp.O'0'0^ 
ni o n 4 o 0 ni r- a s rj n 0 n o c-^pi m x a o o -mt n o 
0'ino«ün,NPiff4o mo m -o —’n oj r s a n pi a x pt n ni n ni 

o »-• ni a ro X. 4 4|n m -c) n n o X c et o o n, a p-» pi 4 in m -o •£> n 
p-ssKNNp-sn-N®xcca cox)®xœ©xœro 

n 4nicP4O'0Nxin4 n a'i*-«ox>orio oni 4 o x!^ m co <0 ni s 
4NX oxniv04ion 4X'4’OOP':cPi'>-» oxxposinNnin 
o X o a -o o- 4 O|-o r- 4 O' p O' xi ojcT »-< en cj oj 0 n; 0 4 — ® ni 

*■« *■« l\J nj PT PT 4 X.;iP IP -P X N- N- X C 
N N N S N h-P 

n o o -• nj oj *n p p m o -P 0 
- X' X, X ï’ er. X X X X X X X' X 

X4-*SP'','‘Oni'r'4P'ip.-.p-n<x>r>(f¡(^4p»4CO'4CKmxoj 
n O' X r o- X a c 10 n, c in nj 0 in o.Jx x» « 4 ^ n 4 o pt o *0 p> o< n 
o X p- -4 4 c ni OjO' p > o c 4 n — lo X ^ i -ii ^ s o <j t '.p o' ni «n o- n 

X ® X O' O' O' O op — — (Vi ni fvj PT p, 
ni ni n.' ni ni nj r-' n ro r-. p, n pi p 1 p> p 

PT 4 4 m m O <0 0 S N X TT OT O' 
p p j -n pt r ’PT n Pi p j pt pi 

184 

... !— J.C 
■.■ .«:;^v 

ttKÎÜMfiÉÜtâlÉÉüiiiui^^ 



o 
-C 
Ul 

(V 
o 
rO 

5- 
Z3 
en 

-C 
en 

3 
O 

<D 
> 
O 
JD 

(Ü 

H3 
Q. 

O 
Q. 

<U 

CL 
•r* 
S- 

I 

ítJ 

* 

<t en 
• a 

ca 
I ce o v£> i 

vO 
• o o c 

lino 

h 

< i 
*- i 
< i 
O I 

I 
»- I 
Z I 
O I 
er I 
ti I 

I 
y i 

u » 
o i 
X I 
o I 

UJ 
ï • <rcr 
< o mo 
a Z 
U. 

o^ívin^von-ooo^-ívjn^ ir» olr^ od a o ^ <m n < 
o P-P- pp P" cceccpctt) 

K O'Ci -« W M «í O 
COOO'O'O'O'OO 

«ceori'-oCtoiro'O’o^n^ocroniricpofOoofn 
Xü ir <r ’(T' o <\i cj «f m o> O'r'.Hr'n^OPccC'^í'jnino 
O i M cvj (M p « n nnn nr^nnfi^tfitf «í< <3 <t * irmiDinu 

U1« oo 
I u 

oooooo oooooooo oor oooooco 

OP-œ o o -• f\jf' 
o ct- a o o c o c 

n o <t a o* ir. C1 h 
o n <t or cr o- 
OOOOO'íi'OP' 

o o o o o o n o 

p» •■* m O' ro p- *~\í 
(MoinonC'^f'j 

■ ^ P- p- p © ff 

o o o o o o o c 

in%- ^ ©n ojoononoir-*P-riO'<í © O o o -- 
DU. «f©n©f^p tv-4 o c ©c. <» o n ar nN!<\j © tre <t © ni© «j c np *- © oi<f ©rvj ©o © o r 
*— i © © © p- P ce o O' ele »- —< -» f\j n n nie </ © © © © © f^¡© O O 00 •— —* íJi/v p.i n n <f <í <t © 
O-J »O1 o#e**>0 •«o#««o» ®®i» a o *o •«»•jo o* ••• e ******* 
<< <í<í|<í«íO<t<í<í< ©■© ©©©©©© ©I© ©©©©©©©©©©©©©©©©©©©©©©© 
a u 

© 

h c^^f)o©^J^•nc^■oc.©-*^wœ^o^í-4^vJœfr)0'<ío©-^•M<C'mc^'iíc 
i. (\j jo ce o n © ce n © © .-4 n © co — n © «rU <í © 0' -4 «f © o ¡n fvj «í n O' evi © N ¡o w © N o <m ir c mu. í\j ©i© on©©© ©©.-i p) ©©»-©©O' 

j i © © © © © © ©r NMonnnO'O'O ojo 0 

■* J 
»-< -- 

U» 
u 
Z 
UJ 
cr »- 
LJU. 
II 
IL 

O © 
© *t 
©O 

a> < n © —© P- © 
© —4 © o on o © 
o0 no©n n © 

o — 
I 

o o oooo oo 
I I I I 

XlL 
O I 

- *} 
© CM 
ao 

IU. 

KK WO 
X IL C K 
o I n o 
— © • • 
lu CD w <J 
X O 

cvjp^nnn^^^©©©©©©^© 

K©i/:©fvjnn© 
O C C Cvl CM © K < 
C\i*t ©o—©© — 

cooc. 0000 
III 

^ —iCMN© •« CM 
O ©K ©©© © K 

— (MPI O© K 0> 

•-* <sj p»|pi p j P» n ni-'. P. n 

c — © © © © i 
(^©©ncpoíí-© 
©no©ror<r © 

<iC©©K—iK© 
© c —n©,© o p» 
co(\jn^©K© 

. < 4Í 4 <} 4Í «J 4J 

cm N © cm c n © 0’ n © n o o ©. ©■ r 
— ^ C IM © — © c¡© n © © IM <î C ' 
N n CV o C' P' O <11© — N — p-» CM <♦ c 

© © c <j c © 4î n 
©CfMCcnK — 
o o Cv; n ^ © K c- 

OOOOOOOOOOOOOcoo 
I I I I I I I I I I 

©cvLOo©o©<M©©fMC©ne . 
n cm © — © o «i cnwnKMNC 
r/ ©K c o cm n *3 ;o K o> c cm n © 

^©CCKNK KIK P K CCC 

CM KNO ©O KK©<t—©OC©P'©©0<»K<îO—<î «tCM©©n^ — 
4 C © © ©CM ©©KC — 0©C K)©© — KOC^CMOCMK©©^ — ne 
o o © <t on ^ cm • ••••• •• 
n«îp-)n<tn nn 

©o-n©œ ne 
.••••• •• 
n<f<í<^n<<í 

lu 
u 
Z 
UJ 
cet- 
UJU. 
u. 
u 

<© 
CM <j 
n <1 

C ©K K O— W — 
4 —© <t 44 © © 
pi — O C O CM CM 

O C O O OO O O 
III I 

© y- © 4 o©ecv<© no 
DU OOOCCttKtT^K 
*-* I K C K-4© •-©© — © 

»••••• 
© 0 COO— CM CM 

I 4 4 4©©© © U 

OK 
< *- K © 
cru. 4 4 

©►- 40 
DU. ©© 
►4 ï n© 
o© 
4 cr K © 
a o 44 

cm © c 4 © -40©©n©a — o© 
, — K cv P' C — K © n er cr 4 P CM C 
riPKCM©© 04 iPi ©4P —4 0>© • •••• • •!•••••« . - 
© e c c o— — cv n p' 4 4 © © © © 
444 ©©© ©©©©©©©© © © 

luU o K 
3TL1 -© 
— © n © 
Kï 

©© 

O'K 0 CM © 
>*«•••••• 
© 4 ©©©©©© 

o©co4noo 
© n 0 ' © c © o cm 
cm o n — — o o cm 

000 000 00 
lilt I 

*C — 4 © © 4 c- © C — — C © O n 4 
— O © © 4 CM O K 4 CM O © CM 0 ’ © »~ 
— © O © O © O 4 je 4 C. P' © Cd K CV.! 

©CMC ©C © © C • •••••• • 
©©h-©©KKK 

44n©c — ne 
(M © — CJ c C K P) 
n cm n r- 4 — pî 

cm — Ko©n©© 
P) © © 4 © © C C 
CMCMO—CMO — O 

00OOOO00 
III I 

n n 4 4 © © © © 
©©©©©©©© 

,«••••• - 
© K K © 0: C C O 
©©©©©©©© 

© © © ©© .-o n 
cm n K © - © © © 
© — © 4 n 4 n p 

© cm C © n © ne 
OJ © P^ C © © CM C; 
©oP)©©n©r •••••< 
© © © © © K K • - 

© K K © C C C o 
lO © © l/i© ©© © 

N40K40Kn 
nc©o©cMNn 

n © e — 4 © c • • • • • • • 
©■ ©cœcccc 

p-occ©-.eo 
o © © pi 4 cj — © 
P¡ © —cv; © © o ^ 

o o o o o o c o 
I I I I I 

O 4 CC CO 4 — © 
— ©. n © © © ~ — 
n — n o n n o c: 

00000000 
Il il 

© CM CM c © O n P CM C 4 K © © ©•- 
ce c- 4 C P ce cm © 0 n N o n *î c c- 
© 4 c n © CM N —!© O 4 e n K — © 

CMCM n P. 4 4 10 © © © © K K cr ^ 
©©©©©©©©•©©©'©’©©©'■ 

4 c? n o 4 p"1 0’ c: 
C © CM n — K 

nCM0‘ CM—• p. c — 
• •••••• 

(MPI n<f 4 4 © 
© ©•©©©©©© 

r©fvtC©-«N4 
C 4 o©—«KCVJCT 
-4P CCM4NC 
• «•«•••r 
0000-.— 
Pi CM CM W CM CM W CM 

cm n cm cr 0 co© 
e c -* n © p. o o 
CM*4CLŒC-*C 4 

© © © © © © a cr 
© © © © © © -c © 

M 40 ©CM© n C 
© © CV! K n © 4 C 
P- P! © K C CM © K 

• • c • e 
CM n P', n 4 4 4 4 
CM CM CM <M CV CM CM CV 

© —« ©• P » P- P © 
u — © cv P ne 
o P- © 0' o n © 
• ••••••• 

© © © © © © © © 
CM CM OJ CM CM CM r. CV 

I85 

—"'"■■‘■■-Lw IP..'»... 
... .■ ; jH't. A.... 

iliiiiiMiiiaiiiTi-. 

M
4

4
 



T
ab

le
 

7-
11

-W
F3

T
(3

).
 

(c
o

n
ti

n
u

ed
) 



DISTRIBUTION LIST 

1 ’ 

DKPARTMENT OF DEFKNSK 

Director 
Defense Advanced Research Projects Agency 

ATTN: Strategic Tech. Office 

Defense Communication Engineer Center 
ATTN: Code 11-1035, John Worthington 

Director 
Defense Communications 

ATTN: NMCSSC, Code 510 

Defense Documentation Center 
12 cy ATTN: TC 

Director 
Defense intelligence Agency 

ATTN 
ATTN 
ATTN 

DT-1C, Nuc. Eng. Br. 
DT-2, Wpns. & Sys. Div. 
DI-7D 

Director 
Defense Nuclear Agency 

ATTN: DOST 
ATTN: STSI, Archives 
ATTN: STSP 

2 cy ATTN: STTL, Tech. Lib. 
3 cy ATTN: SPAS 

Director of Defense Research & Engineering 
ATTN: AD/DS 
ATTN: AD/OS 
ATTN: DD/S&SS 

Commander 
Field Command 
Defense Nuclear Agency 

ATTN: FCPR 
ATTN: FCTMD 

Director 
Joint Strategic Target Planning Staff, JCS 

ATTN: JPTP 
ATTN: JLTW-2 

Chief 
Livermore Division, Field Command, DNA 
Lawrence Livermore Laboratory 

ATTN: FCPRL 

OJCS/J-5 
ATTN: J-5, Plans & Policy, R & D Div. 

Weapons Systems Evaluation Group 
ATTN: Doc. Con. 

DEPARTMENT OF THE ARMY 

Assistant Chief of Staff for Ops. & Plans 
ATTN: Dir. of Chem. & Nuc. Ops. 

Commander 
Ballistic Defense System Command 

ATTN: BDMSC-TEN, Noah J . Hurst 

DEPARTMENT OF THE ARMY (Continued) 

187 

Manager 
Ballistic Missile Defense Program Office 

ATTN: DACS-BMT, Clifford E. McLain 
John Shea 
DACS-BMS, Julian Davidson 
DACS-BMZ 

ATTN 
ATTN 
ATTN 

Chief of Research, Development Acquisition 
ATTN: NCB Division 

Commander 
Harry Diamond Laboratories 

ATTN: AMXDO-RBH, James H. Gwaltney 
AMXDO-NP 
AMXDO-RC, Robert B. Oswald, Jr. 

ATTN 
ATTN 

Commander 
Picatinny Arsenal 

ATTN 
ATTN 
ATTN 

SARPA-FR-E, Louis Avrami 
SMUPA-MD, Henry Opal 
SARPA-ND-C-T, Donald Miller 

Commander 
TRASANA 

ATTN: R. E. DeKinder, Jr. 

Director 
U.S. Army Ballistic Research Laboratories 

ATTN 
ATTN 
ATTN 
ATTN 

AMXBR-TB, J.T. Frasier 
Val Kucher 
AMXRD-BVL, William J. Schuman, Jr 
Robert E. Eichelberger 

Commander 
U.S. Army Mat. & Mechanics Research Center 

ATTN: AMXMR-HH, John F. Dignam 

Commander 
U.S. Army Materiel Command 

ATTN: AMCRD-WN-RE, John F. Corrigan 

Commander 
U. S. Army Missile Command 

ATTN: AMCPM-PE-EA, Wallace O. Wagner 
ATTN: AMS-RKP, W. B. Thomas 
ATTN: AMSMI-RRR, Bud Gibson 
ATTN: AMSM1-XS, Chief Scientist 

Commander 
U.S. Army Nuclear Agency 

ATTN: ATCA-NAW 

DEPARTMENT OF THE NAVY 

Chief of Naval Material 
ATTN: MAT 0323, Irving Jaffe 

Chief of Naval Operations 
ATTN 
ATTN 
ATTN 

OP-985 
OP-985D 
OP-62 

Chief of Naval Research 
ATTN: Code 464, Thomas P. Quinn 

m.-• 

i—ai—m 



nivl'AKTMENT OF THE NAVY (Contimitnl) 

Director 
Naval Research La)x>rator,v 

ATTN: Gerald Cooperstein 
ATTN: Code 2027, Tech. Lib. 
ATTN: Code 5180, Mario A. Persechino 

Commander 
Naval Sea Systems Command 

ATTN: 0333A, Marlin A. Kinna 

Commander 
Naval Surface Weapons Center 

ATTN: Code 2302, Leo F. Gower 
ATTN: Code WA-501, Navy Nuc. Prgms. Off. 
ATTN: Code 323, W. Carson Lyons 

Director 
Strategic Systems Project Office 

ATTN: NSP-272, CDU Leslie Stoessl 

DEPARTMENT OF THE AIR FORCE 

AF Cambridge Research Laboratories, AFSC 
ATTN: LCS, R. E. Wilton 

AF Materials Laboratory, AFSC 
ATTN: T. Nicholas 
ATTN: MBC, Donald L. Schmidt 
ATTN: MAS 

AF Rocket Propulsion Laboratory, AFCC 
ATTN: RTSN, G. A. Beale 

Commander 
AF Special Weapons Center, AFSC 

ATTN: HO, Dr. Minge 

AF Weapons Laboratory, AFSC 
ATTN: DYS, Lt E. J. Burns 
ATTN: DYV 
ATTN: SUL 

Commander 
Foreign Technology Division, AFSC 

ATTN: TDFBD, J. D. Pumphrey 
ATTN: TDPTN 

HQ USAF/RD 
ATTN: RDQ 
ATTN: RDQPN 
ATTN: RDPM 
ATTN: RDQSM 
ATTN: RD 

SAMSO/DY 
ATTN: DYS 

SAMSO/MN 
ATTN: MNNR 

SAMSO/RS 
ATTN: RSS 
ATTN: RSSE 

Commander in Chief 
Strategic Air Command 

ATTN: DONT 
ATTN: XPFS 

ENERGY RESEARCH k DEVELOPMENT ADMINISTRATION 

Division of Military Application 
ATTN: Doc. Con. for CDR Richard E. Peterson 
ATTN: Doc. Con. for Res. & Dev. Hr. 
ATTN: Doc. Con. for 

Lieutenant Colonel Donald L. McNutt 

University of California 
Lawrence Livermore Laboratory 

ATTN: W. Isbell, L-504 
ATTN: C. Joseph Taylor 
ATTN: Joseph E. Keller, Jr. 
ATTN: J. Coruthers, L-18 
ATTN: R. N. Keeler, L-504 
ATTN: R. Wagner, L-31 

Los Alamos Scientific Laboratory 
ATTN: Doc. Con. for R. S. Thurston 
ATTN: Doc. Con. for J. W. Taylor 
ATTN: Doc. Con. for John McQueen 

Sandia Laboratories 
Livermore Lalxmalory 

ATTN: Doc. Con. for C. S. Hoyle 
ATTN: Raymond Ng 
ATTN: Doc. Con. for T. Gold 
ATTN: Doc. Con. for 8131, H. F. Norris, Jr. 

Sandia Laboratories 
ATTN: Doc. Con. for D. McCloskey 
ATTN: Doc. Con. for R. R. Boade 
ATTN: Doc. Con. for Albert Chabai 
ATTN: Doc. Con. for B. M. Butcher 

DEPARTMENT OF DEFENSE CONTRACTORS 

Aeronautical Research Assoc, of Princeton, Inc. 
ATTN: Coleman Donaldson 

Aeronutronic Ford Corporation 
Aerospace & Communications Ops. 

ATTN: P. Spangler 

Aerospace Corporation 
ATTN: R. Allen 
ATTN: Richard Crolius, A-2, Rm. 1027 
ATTN: W. Barry 

Avco Research & Systems Group 
ATTN: John E. Stevens, E-500 
ATTN: John Gilmore, E-502 

Batidle Memorial Institute 
ATTN: Merwyn R. Vanderlind 
ATTN: W. Pfeifer 

The Boeing Company 
ATTN: Brian Lempriere 

Brown Engineering Company, Inc. 
ATTN: Ronald Patrick 

Effects Technology, Inc. 
ATTN: Robert Wengler 

General Electric Company 
TEMPO-Center for Advanced Studies 

ATTN: DASIAC 



I 
DEPARTMENT OF DEFENSE CONTRACTORS (Continued) DEPARTMENT OF DEFENSE CONTRACTORS (Continued) 

General Electric Company 
Space Division 

ATTN: Phillip Cline 
ATTN: Carl Anderson 
ATTN: G. Harrison 

Science Applications, Inc. 
ATTN: William M. Layson 

Science Applications, Inc. 
ATTN: G. Ray 
ATTN: R. Fisher 

General Research Corporation 
ATTN: Rotiert E. Rosenthal Science Applications, Inc. 

ATTN: J. Courtney 
Institute for Defense Analyses 

ATTN: Joel Bengston 
ATTN: IDA, Librarian, Ruth S. Smith 

Southern Research Institute 
ATTN: C. D. Pears 

Ion Physics Corporation 
ATTN: Robert D. Evans 

Kaman Avidyne 
Division of Kaman Sciences Corporation 

ATTN: Norman P. Hobbs 

Stanford Research Institute 
ATTN: George R. Abrahamson 
ATTN: Herbert E. Lindberg 
ATTN: Donald Curran 

Stanford Research Institute 
ATTN: Harold Carey 

Kaman Sciences Corporation 
ATTN: Jerry L. Harper 

John R. Hoffman 
Albert P. Bridges 
Frank H. Shelton 
Donald C. Sachs 
Thomas Meagher 

ATTN: 
ATTN: 
ATTN: 
ATTN: 
ATTN: 

Systems, Science & Software, Inc. 
ATTN: G. A. Gurtman 
ATTN: Russell E. Duff 

Tetra Tech, Inc. 
ATTN: Sidney Green 

Lockheed Missiles & Space Co. Inc. 
ATTN: Lawrence F. He arpe, Dept. 81-14 
ATTN: R. Roberson 

TRW Systems Group 
San Bernardino Operations 

ATTN: Earl W. Allen 
ATTN: L. Berger 

Lockheed Missiles & Space Co. 
ATTN: A. P. Hardt 
ATTN: Lloyd F. Chase 
ATTN: Raymond R. Capiaux 
ATTN: F. G. Borgardt 

University of Victoria 
ATTN: J. M. Dewey 
ATTN: D. F. Classen 
ATTN: D J. McMillin 

Martin Marietta Aerospace 
Orlando Division 

ATTN: Laird Kinnaird 

McDonnell Douglas Corporation 
ATTN: J. F. Gariboiti 
ATTN: J. Kirby 
ATTN: R. J. Reck 
ATTN: L. Cohen 

National Academy of Sciences 
ATTN: National Materials Advisory Board for 

Donald G. Groves 

Northrop Corporation 
ATTN: Don Hicks 

Physics International Company 
ATTN: Doc. Con. for James Shea 

Prototype Development Associates, Inc. 
ATTN: John Slaughter 

R & D Associates 
ATTN: F. A. Field 
ATTN: Harold L. Brode 
ATTN: Albert L. Latter 
ATTN: Jerry Carpenter 

I89 

. ilid A .... , : .. if'&i&hr.;k JL'- '. 


