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for which we pray that a patent may be granted to us, and the method by
which it is to be performed, 5     to be particularly described in and by
the following statement:-            5 The present invention relates to a
firing range, and more particularly the present invention relates to a
firing range or use in training of personnel in markmanship. At the present
time, when personnel are trained in firing a weapon such as a 10    rifle
it is common to utilise a static firing range in which the personnel fire
their  10 weapons at targets which are remote from the firing point, the
position that each round impinges on the target being indicated by further
personnel acting as markers who are located adjacent the targets but
protected by an earth bank or the like. 15        This arrangement suffers
from the disadvantage that for every trainee   15 marksman there must be a
person to act as a marker, and furthermore a rigid target must be utilised
which must be repaired after each shooting session so that the point of
impact of further rounds on the target can readily be determined. A further
disadvantage of this prior arrangement is that the sport of shooting 20
is not appealing as a spectator sport since spectators cannot readily see
how the  20 shooting is progressing. Yet a further disadvantage of the
prior proposed arrangement is that personnel training the trainee marksmen
find it difficult to monitor the progress of a large number of trainee
marksmen and have to inspect the targets by means of a 25    telescope or
binnoculars in order to assess how a trainee marksman is performing.  25
This procedure is time-consuming and inconvenient. Various attempts have
been made to overcome these disadvantages. Several proposals have been made
in which transducers or similar shock wave detectors are connected directly
to a rigid target or a rigid member located 30     behind the target, the
detectors being adapted to detect shock waves or vibrations  30 generated
in the target or member by the impact of a bullet on the target. The
signals from the detectors are fed to a calculating device which calculates
the position of the bullet or other projectile, and which causes that
position to be displayed or stored. Specifications that disclose the
systems of this general type 35     are U.S. Patent Specification 2,973,964
(Zito) and U.S. Patent Specification  35 3,678,495 (Gilbert). Both these
particular systems suffer from the disadvantage that a rigid target or
member must be used, and the rigid target or member must be replaced after
a certain period of use, since otherwise the target or member will be
perforated by bullets fired at the target and then the target or member
will not 40     satisfactorily transmit the shock waves or vibrations
generated when a bullet  40 impinges on the target. Also, if a rigid target
is used, with very accurate marksmen  



1,580,253                                    2 a hole will soon be
generated in the region of the "bull" of the target, this hole having a
diameter greater than the diameter of the bullets being fired at the
target. Thus after a period of time a bullet may pass through this hole
without generating shock waves, and a shot that should be recorded as a
"bull" will be recorded as a 5      "miss". Furthermore since the
transducers are spaced around the eriphery of the   5 target or member the
transducers may themselves be hit by bullets fired at the target, and thus
the transducers may be damaged. Thus these systems suffer from the
disadvantage of expense in that both the targets or rigid members and the
transducers will have to be replaced at frequent intervals. 10
Various alternative proposals have been made in which transducers or the
10 like are utilised to detect an air-carried shock wave generated by a
bullet or projectile which travels at a speed faster than the speed of
sound in air. Such a projectile can be called a supersonic projectile. One
very simple proposal of this type is disclosed in U.S. Specification
2,783,047 (Faxen) in which a single shock 15      wave sensitive device is
operated to generate a signal in response to a shock wave  15 generated by
a supersonic projectile such as bullet and impinging on the device. The
shock wave sensitive device is mounted in a target area zone bounded by a
wall so that the device will be responsive to shock wave impulses produced
by bullets entering the target area but not those produced by projectiles
which pass 20      outside the target area. It will be appreciated,
therefore, that this particular  20 arrangement will only be able to
distinguish between a "hit" and a "miss" and will not be able to provide
any accurate information concerning the precise position at which a bullet
impinged upon the target area. A further proposal in which airborne
acoustic shock waves produced by a supersonic projectile such as a 25
bullet are utilised is described in U.S. Patent Speciffication 3,778,059
(Rohrbaugh)  25 and in this Specification two metal rods are located
respectively adjacent the base and one side edge of the target, there being
acoustic transducers attached to the ends of the rods. When a bullet is
fired at the target the shock wave generated by the bullet will impinge on
the rods, and a resultant acoustic wave generated by the 30      rods will
be transmitted to the transducers which subsequently produce an electric
30 signal. The resultant signals are fed to a timing and calculating device
which calculates the position of the trajectory of the bullet and permits
the position at which the bullet hits the target to be displayed on a
device such as a cathode ray tube. 35          A further proposed
arrangement is described in U.S. Specification 3,489,413  35 (Groder) and
this Specification discloses the use of bi-directional transducers each
adapted to detect whether a shock wave generated by a supersonic projectile
and impinging on the transducer originates from the left or right of the
central axis of the transducer. The specification describes an arrangement
in which a plurality 40      of transducers are arranged in a row adjacent
the base of the target, and a further  40 plurality of transducers are
arranged in a column adjacent the side of the target. In view of the nature
of the system it is only possible to determine which broad area of the
target was impinged upon by any particular bullet since it will only be
possible to determine the position of the bullet by reference to the two 45
transducers at the base of the target between which the bullet passed and
the  45 corresponding two transducers at the side of the target. Thus the
system only has very limited accuracy and furthermore the transducers
provided at the side of the target are susceptible to damage by inaccurate
firing. A further prior proposal is disclosed in U.S. Specification
2,925,582 (Mattei) 50      and this Specification discloses the use of four
transducers spaced around the  50 periphery of a target area, signals
derived by the four transducers when a bullet is fired at the target being
fed to an appropriate calculating and display device adapted to calculate
and display the position of the bullet. The calculating device initially
determines the duration of the shock waves detected by each transducer, 55
since the duration of the shock wave increases with increasing distance
from the  55 origin of the shock waves. Signals representative of the
durations of the shock wave controlling the beam scanning circuits of a
display device. This prior proposed arrangement suffers from the
disadvantage that at least three of the 



transducers are exposed to fire from the marksmen and are thus susceptible
to 60      damage. Furthermore, the levels of accuracy obtainable with the
system       60 described in this U.S. specification are not very high. It
will be appreciated that the prior art discussed above discloses the
general use of transducers to detect shock waves present in a rigid target
or to detect airborne shock waves generated by a projectile such as a
bullet, but all the prior 65      proposed arrangements suffer from either
the disadvantage that the arrangement  65    3
1,580,253                                   3 does not provide an accurate
indication of the precise position of the bullet, or the disadvantage that
the transducers are in a position in which they may be damaged by bullets
hitting the transducers. Furthermore, some of the prior proposals suffer
from the disadvantage that rigid targets must be provided which must be
replaced 5   regularly to ensure that shock  waves are transmitted
satisfactorily through the  5 rigid targets. The present invention seeks to
provide an improved target range in which the above described disadvantages
are obviated or reduced. According to one aspect of this invention there is
provided an apparatus for 10     determining information concerning the
trajectories of a supersonic projectile  10 passing through a predetermined
area, said apparatus comprising at least three transducers to be located
spaced adjacent a common edge of said predetermined area, each of said
transducers being adapted to provide an output signal in response to an
airborne shock wave impinging on the transducer and generated by 15     the
supersonic projectile, means to measure the time delays between the output
15 signals generated by each of the transducers, and means adapted to
calculate, from said time delays and from the locations of the transducers
adjacent said common edge, the information concerning the trajectory of the
passing projectile. In this specification the word "transducer" is used to
mean a device capable 20      of providing an output signal in response to
detection of a shock wave generated  20 by a supersonic projectile.
Preferably the transducers are located adjacent the lower side edge of said
predetermined area, and conveniently the transducers are each adapted to be
mounted so that said shock wave impinges directly on the transducers. 25
Preferably each said transducer may comprise a disc shaped member of a  25
piezo-electric material and each disc preferably has a diameter of
approximately 5 mm. In one arrangement the plane of each disc shaped member
is substantially vertical, but the plane of each disc may be horizontal or
may be inclined. 30          Advantageously each transducer comprises a
member of rigid material for  30 transmitting said airborne shock wave to a
piezo-electric member in firm contact with the base of the said member,
said member having a convex surface exposed *              to the shock
wave. Preferably said member is hemi-spherical. Conveniently each
transducer comprises a member of an insulating material 35      having a
recess to accommodate a disc of peizo-electric material having    35
conductive coatings on the two opposed faces thereof and channels
accommodating conductive wires connected to said coatings, the base of said
member of rigid material being secured to the piezo-electric disc.
Preferably the member of insulating material is surrounded by a sleeve of
an 40      electrically conducting material to act as a Faraday Cage..
40 Advantageously each transducer is mounted on a rigid 'structure, the
transducer being mounted in an appropriately shaped block of acoustic de-
coupling material, the block being clamped or otherwise secured to the
rigid structure. Preferably said acoustic de-coupling material comprises
closed cell 45      polyethylene foam.
45 The predetermined area may be a target area which may be provided with
one or more targets. The information calculated may be the position  of the
trajectory relative to the target area. In an alternative  embodiment of
the invention the transducers may be 50     mounted in apertures formed at
predetermined locations in a support panel, the  50 



transducers being dimensioned to be snugly engaged in said apertures, the
panel being provided with means for absorbing shock waves, and said panel
may comprise a sheet of metal with sheets of sound absorbing material
secured to the faces thereof. 55          Preferably means for absorbing
shock waves or sound may be located     55 between a rigid target in said
target area and said 'transducers. Means may be provided for amplifying the
signal produced by each transducer, and such amplifying means may comprise
initial amplifying means and a threshold comparator which only passes
signals having a predetermined 60      minimum value. The output of the
threshold comparator may be amplified with a  60 linear amplifier and the
threshold comparator may be adjustable. Four, five, six, seven, eight or
nine transducers may be provided. In one arrangement in accordance with the
invention a plurality of target areas are located adjacent one another, and
there is one array of transducers 65     located under the target areas,
the said calculating means being adapted to select    65    4
1,580,253                                     4 signals from the
transducers providing an output signal in response to detection of a shock
wave generated by a supersonic projectile fired at one of said target
areas. The said array may be a linear row of transducers or may be two
staggered rows of transducers. 5          Preferably means are provided for
storing temporarily information          5- concerning the time of
generation of a signal by each transducer, and means are provided for
subsequently transferring said information to a computer constituting said
calculated means. Said storing means may comprise counters which are
started and stopped in 10     response to the detection of a shock wave by
predetermined transducers, the    10 counts stored in the counter
subsequently being transferred to said computer, but alternatively a clock
signal generator may be provided to provide successive signals
representative of successive instants of time, latches being provided
adapted to store the signal generated by the clock signal generator at the
instant 15     that the latch receives a signal from an associated
transducer, means also being  15 provided to provide a signal indicative of
each latch, and to transfer signals from each latch and the means providing
a signal indicative of that latch to a buffer, and means also being
provided for transferring signals from said buffer to a computer memory
when the memory is able to accept the information. 20          A plurality
of groups of transducers may be provided, each group being    20 associated
with one of said storing means. Each group of transducers may be associated
with one bank of targets. Preferably said computer comprises means for
scanning information signals fed to the computer to select groups of
signals likely to be derived from a single 25      shock wave, and means
for calculating the position of a projectile from each of  25 said groups
of signals. Said calculating means may comprise a pre-programmed device.
Said computer may be adapted to control the display of information on a
visual display unit, and a television camera may be provided to generate a
display signal from a visual image of a target, and means may be provided
to detect when 30      a portion of the target image corresponding to the
calculated position of a   30 projectile is being displayed, and for
inverting or otherwise modifying the display signal at that instant.
Preferably means are provided for determining the co-ordinates of the point
of the visual image being scanned by the television camera at any instant,
and 35      means are provided for comparing these co-ordinates with the
co-ordinates of the  35 position of the projectile as calculated by the
computer. Said computer may also be provided with means for printing output
data or punching paper with output data. In one embodiment of the invention
the transducers are all located adjacent a 40      lower edge of a target
area and are concealed from the firing point by means  40 which cannot be
penetrated by said projectiles. A target may be provided in said target
area and each target may be provided 



with means to move the target from a concealed position to a visible
position and vice versa. Also, means may be provided for illuminating a
target provided at said 45      target area to permit shooting to be
conducted after dark.                    45 Said transducers and a target
may be mounted on a trolley which can move along a predetermined track to
permit the position of the target to be adjusted. A computer may be
provided adapted to control and monitor movements of said targets and if a
plurality of targets are provided said computer may be 50      provided
with means for displaying the condition of each said target. Alternatively
50 radio control means are provided to control movement of said target. In
order that the invention may be more readily understood and so that further
features thereof may be appreciated the invention will now be described by
way of example with reference to the accompanying drawings in which: 55
Figure I is a perspective view of a rifle range provided with an apparatus
in  55 accordance with the present invention; Figure 2 is a diagrammatic
view indicating the position of the trajectory of a projectile relative to
four transducers and relative to co-ordinate axes; Figure 3 illustrates
hyperbolic co-ordinates defined by units of time 60      difference between
the instants of reception of shock waves by adjacent pairs of  60
transducers; Figure 4 is a block diagram of one embodiment of the
invention; Figure 5 illustrates staggered transducers and illustrates the
intersecting hyperbolic co-ordinates; 65           Figure 6 illustrates a
transducer element;                               65    5
1,580,253                                      5 Figure 7 is a graphical
figure illustrating the output signal generated by the transducer shown in
Figure 6; Figure 8 is an elevational view of four transducers; Figure 9 is
an exploded view of a preferred type of transducer; 5          Figure 10 is
a cross-sectional view of the transducer of Figure 9;           5 Figure 11
is a perspective view of an arrangement for mounting the transducer of
Figures 9 and 10; Figure 12 is a circuit diagram of an amplifier associated
with the transducer of Figures 9 and 10; 10          Figure 13 is an
elevational view illustrating the shock wave generated by a  10 supersonic
projectile; Figure 14 is a representation of the trajectory of a projectile
and the detection of the resultant shock wave by a transducer, points being
identified, thereon to assist in mathematical analysis of the situation; 15
Figure 15 is a block diagram of another embodiment of the invention;
15 Figure 16 is a block diagram of part of the embodiment shown in Figure
15; Figure 17 is a block diagram of another part of the embodiment shown in
Figure 15; Figure 18 is a block diagram of another part of the embodiment
shown in 20      Figure 15;
20 Figure 19 is a representation of the trajectory of a projectile and the
detection of the resultant shock wave by a transducer, points being
identified thereon to assist in mathematical analysis of the situation; 2
Figure 20 is a perspective view, partly cut away, of a panel for supporting
25     transducers;
25 Figure 21 is a side view of a target and associated transducers
illustrating a block of sound absorbing material; Figure 22 is a
perspective view of another embodiment of a rifle range in accordance with
the invention; 30          Figure 23 is a flow diagram of operation of the
apparatus illustrated in Figure  30 4 and Figure 24 is a flow diagram of
operation of the apparatus illustrated in Figure 15. Referring to Figure I
of the accompanying drawings a rifle range in 



35      accordance with the present invention comprises a plurality of
firing points 1  35 intended to be occupied by trainee marksmen 2, and a
corresponding number of targets 3 intended to be fired at by the trainee
marksmen. The targets are shown in a single bank, but a plurality of banks
of targets spaced at increasing distances from the firing point may be
provided. Located in front of the targets is an earth 40      bank 4 or
other protective device and located behind the earth bank 4, and thus  40
out of the line of sight of the trainee marksmen 2 is at least three spaced
transducers 5, the transducers being arranged at spaced positions adjacent
the lower edges of the target and being adapted to sense the shock waves
generated by bullets fired at the targets. One long row of transducers may
be provided in front of 45      all the targets, or a separate group of
transducers may be provided for each target.  45 The transducers 5 will be
described in more detail hereinafter. The transducers 5 are connected, by
means of appropriate land lines 6 to a computer 7 or similar calculating
device which is accommodated in a control room 8 utilised by the range
controller. The computer is adapted to calculate the position of each round
50      fired at each target 3 when the shock wave generated by the round
is detected by  50 the transducers, and the position of each bullet may be
displayed on a visual display unit 9 in the control room and on a visual
display unit 10 provided each firing point 1. Thus the traineee marksman
may see where each particular round impinges on the target. If spectators
11 are to be present, a large visual display 55      device 12 may be
connected to the computer 7 to enable the spectators 10to view  55 the
progress of the shooting. In addition, or as an alternative, to the
provision of the display units, print out devices or paper punching devices
13 may be operated by the computer 7 to provide a printed indication of the
point at which each bullet impinges upon the target 3, or a punched paper
output. 60          It will be appreciated that with a system of this type
it is not necessary to use  60 rigid targets, and the only requirement of
the target is that the target should be visible to the trainee marksman to
provide an aiming point. Thus it is not necessary to utilise personnel to
repair targets or indicate the position at which individual rounds impinged
upon the target. It will also be appreciated that since 65     the
transducers 5 are located behind the earth bank 4 the only possible way in
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6 which the transducers can be damaged as a result of firing is as a
consequence of a ricochet, and such ricochets are very unusual. The
probability of any transducer being damaged is extremely low. As will be
explained in more detail hereinafter utilising a system of this type it is
possible to obtain great accuracy and, in fact, 5      with a target area
of 6 ft. by 6 ft. it is possible to calculate the position of any bullet  5
impinging on that target area with an accuracy of greater than 1/4 inch. It
is believed that if appropriate steps are taken this accuracy may be
improved. Now that the invention has been broadly described, the invention
will be described in more detail. 10          In one relatively simple
embodiment of the invention it is assumed that the  10 shock wave generated
by a supersonic projectile expands in a direction perpendicular to the
trajectory of the projectile, and thus a plurality of detectors in a single
plane perpendicular to the trajectory will detect the shock wave at times
dependent solely dependent upon the distance of the respective detector 15
from the trajectory.
15 In an embodiment of the invention of this type at least four transducers
[err], T1, T2 and T3 as shown in Figure 2 are arranged on a horizontal line
extending from left to right the distance from transducer To to transducers
T1, T2 and T3 can be considered to  be x1, x2 and x3 respectively. If a
bullet passes over the 20      transducers at a general point x, y or
co-ordinates based on transducer T0 the   20 distance from the pair x, y to
the transducer T0, T1, T2 and T3 will be [err] and 13 respectively. It is
assumed that the trajectory of the bullet is perpendicular to the vertical
plane containing the transducers, and also that the transducers will
receive a 25      shock wave from  the bullet sequentially and with time
delays varying in         25 dependence upon the precise trajectory of the
bullet. From the signals generated 



by the transducers further signals t1, t2 and t3 can be calculated, t1,
being the time delay between the reception of the shock wave by transducer
T1, and transducer T0, this figure being negative if transducer T. receives
the shock wave before 30      transducer T1; and t2 and t3 being
corresponding time delays for transducers T2  30 and T3. It will be
apparent that where Vn is the velocity of the shock wave perpendicular to
the trajectory of the bullet. We have that Therefore [err]    7
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Multiplying Cl by t2 and C2 by t1 and subtracting:-
5 Multiplying Cl by t, and Cl by t, and subtracting:- Dividing DI by D2 and
rearranging gives 2 x        (x3tl-xlt3)t2(tl-t2)-(x2t1-xlt2)t3(tl-t3)  J
Cyclic rearrangement of terms will also yield:- and Cyclic rearrangement of
terms will also yield V32_ and 20                                 6_
20 Thus we can measure the effective speed of sound. Using Cl we may write
[err] Hence we can find y:- [err] 25           As indicated above in an
apparatus in accordance with the present invention       25 a plurality of
transducers are located beneath a target at which a trainee    1,580,253
8 marksman is to fire. Consider an embodiment of the invention in which at
least three transducers are arranged in a horizontal line, the transducers
being equispaced. The transducers 15, 16, 17 are illustrated schematically
in Figure 3. The transducers each generate a signal the time at which a
shock wave generated 5      by the bullet is detected, and the signals are
fed to a timing device which     5 calculates the time delays between the
detection of the shock wave by the first transducer and the last
transducer. Referring to Figure 4 of the drawings, it can be seen that if
the shock wave is detected by the transducers 15 and 16 simultaneously then
the trajectory of the bullet must lie on the central vertical line 10
[err]. However, if the difference in time of detections of the shock wave
is one unit  10 of time, the transducer 16 receiving the shock wave before
transducer 15 then it will be appreciated that the trajectory of the bullet
is somewhere on the hyperbolic line [err]. Similarly if the shock wave is
detected by the transducer 15 one unit of time before it is detected by the
transducer 16 then the trajectory of the 15      bullet must be on the
hyperbolic line [err]. It will readily be appreciated that a family  15 of
these hyperbolic coordinates may be generated, similar hyperbolic
coordinates being defined by the combination of transducers 16, 17 and also
by the combination of transducers 15, 17. In one specific embodiment of the
invention which is designed on the basis of 20      this mathematical
analysis five transducers 18-21 as shown in Figure 4 are      20 utilised
which are mounted in position so that they are spaced apart in a row
beneath the target area. A typical transducer that may be used will be
described hereinafter. The output of each transducer is fed to an amplifier
23-27 to amplify the output signal. A typical amplifier will be described
hereinafter. A respective 25      amplifier is connected to each transducer
18-22. Counters 28, 29, 30 and 31 are  25 connected respectively to the
outputs of amplifiers 23, 24, 26 and 27 respectively. 



A logic control device 32 is connected to the output of the amplifier 25,
and is also connected to provide a signal to each of the counters 28, 29,
30 and 31 when a signal is present on the output of amplifier 25. Each
counter is a counter of the 30      type 74191 sold by Texas Instruments.
Each counter is connected so that if it   30 initially receives a signal
from the respective amplifier it commences counting in a negative  sense at
a predetermined rate in a negative sense until the control device 32
receives a signal from amplifier 25, and then the counter will stop.
Alternatively, if the counter initially receives a signal from the control
device 32, 35      then the counter will count at the predetermined rate in
the positive sense until  35 the counter receives a signal from the
associated amplifier. Thus, as a bullet or other supersonic projectile
passes over the transducers 18 to 22 the shock wave is detected
sequentially by the transducers and the counters 28, 29, 30 and 31 will
store counts representative of the time difference between 40      the
instant of detection of the shock wave by transducers 18, 19, 21 and 22
40 respectively and transducer 20. The computer 7 is connected to the
outputs of the counters, and is programmed to store the counts in a memory
forming part of the computer 7. The computer 7 then scans the stored time
delays and calculates the time delay 45      between each adjacent pair of
transducers. The computer then scans the          45 calculated time delays
and selects the group of four adjacent transducers for which the calculated
time delays are shortest. The computer then proceeds to calculate the
position of the trajectory of the bullet by substituting the measured
values for t1, t2, and t3,, and measured values for x,, x2, and x3 in the
equations given 50      above. The measured values of the distances between
all the transducers is      50 permanently stored in the computer memory.
The computer thus calculates the position in the bullet, and this position
can be displayed on an appropriate display device 33, or may be printed by
a printer or utilised in some other way. In the simple embodiment of the
invention presently being described the 55      computer 7 can be
considered to calculate the position of the trajectory of the  55 bullet by
determining the hyperbolic coordinates of the trajectory. For accurate
results to be obtained it is necessary either to use four (or preferably
five) transducers and utilise information derived from each of the
transducers to assist in calculating the position of the trajectory, or it
is necessary to provide the 60      computer with information concerning
the velocity of the bullet and the velocity  60 of sound in air. Thus, in
certain circumstances it may be adequate to utilise three transducers, for
example where a certain amount of inaccuracy can be tolerated, and/or where
match ammunition is being utilised so that the computer or other
calculating device can be programmed appropriately, or provided with 65
appropriate input information.
65    1,580,253          9 If four transducers are utilised there is a
vertical error zone extending above the transducers. If a bullet is fired
through this particular error zone there is a high probability that the
computer will erroneously calculate the position of the bullet and the
error may be as large as several feet. Thus, even if four transducers are 5
utilised, and the target is so positioned relative to the transducers that
the error  5 zone is not on the target area, if a trainee marksman misses
the target and the bullet passes through the error zone it is possible that
the computer will calculate the position of the bullet erroneously, and
will indicate that the bullet actually hit the target, whereas the bullet
in reality missed the target. This error zone is, in 10     actual fact,
symmetrically located between two of the transducers and thus, when  10 a
bullet passes through this error zone the two transducers with respect to
which the error zone is symmetrically located will each detect the shock
wave substantially simultaneously. It is possible to take account of this
fact and to programme the computer to recognise a situation where the
bullet has passed into 15     the error zone, i.e. to recognise the
situation where the two transducers in    15 question receive the shock
wave substantially simultaneously, and to provide an appropriate display or
print out. Thus if the error zone is not on the target area the computer is
to indicate that the bullet was a "miss" or to indicate that the bullet 



passed through the error zone. In any event a bullet passing into the error
zone 20     would be disregarded and would not be recorded as a "hit".
20 Since the existence of the above described error zone is disadvantageous
it is preferred to utilise at least five transducers as illustrated in
Figure 1. If such an arrangement is utilised there are five different
notional groups of four transducers that can be selected from the five
transducers. The computer 7 is adapted to store 25     signals
representative of the time of reception of the shock waves by each of the
25 transducers 5, and is programmed to calculate the position of the
projectile by using one primary group of four transducers. However when the
computer initially selects a group of four transducers the computer
determines whether the bullet or projectile passed through the error zone
of that particular group of four 30     transducers, and if so then the
computer rejects that group and then the computer  30 selects a further
group of four transducers from the five and repeats the calculation. Of
course, in such a situation, it would be possible for the calculation to be
repeated using each of the remaining four of the five rotational groups,
and for the computer then to take an average or mean result, thus further
reducing the 35      error.
35 In utilising a five transducer arrangement of this type it is possible
to provide reasonable accuracy over a large rectangular area located
immediately above the row of. transducers. The only zones where accuracy
cannot be guaranteed are located at the very side edges of the rectangular
area above the transducers, and if 40     it is desired to eliminate the
possible errors that may occur if a bullet passes  40 through these zones,
the transducers may be selected or adjusted so that each transducer only
detects shock waves from a projectile within a predetermined distance of
the transducer, this predetermined distance being selected so that bullets
entering into the zones where errors are likely to occur are not detected
by 45      all the transducers. If the shock wave generated by a bullet is
not detected by all  45 the transducers the position of the bullet is not
calculated. Alternatively the computer may be programmed to detect when a
bullet p asses within the error zone and to provide an appropriate output,
since if the bullet does enter the error zone the various time differences
between the instants of reception of the shock 50      wave by the various
transducers will have a very recognisable pattern.         50 In yet
another embodiment of the invention, where the invention is utilised on a
range having a large number of targets, it is possible to provide a long
row of transducers, the transducers being located beneath the targets, and
whenever a bullet is fired at a target the shock wave generated by the
bullet will initially be 55      detected by one transducer or by two
transducers susbtantially simultaneously.  55 Depending upon which
transducer, or transducers, initially detect the shock wave, so a group of
four or five transducers surrounding that initial transducer or transducers
is selected by the computer, and it is the times that the shock waves are
detected by those transducers which are utilised as a basis for the
calculation. 60          Whilst it has been indicated above that certain
error zones appear where   60 transducers are located in a straight
horizontal line, it is envisaged that these error zones may be reduced or
obviated if the transducers are arranged, as shown in Figure 5, in one
upper horizontal row 34, 35, 36, and one lower horizontal row 37, 38, the
transducers 37, 38 in the lower row being offset with regard to the 65
transducers 34. 35, 36 in the upper row. Thus the transducers define a
letter "W".  65    10                                        1,580,253
10 It will be appreciated that the hyperbolic coordinates defined by the
transducers when disposed in this way intersect at right angles or at an
angle dependant upon the angle of incidence between the arms of the "W",
thus providing a high degree of accuracy. Some of these hyperbolic
coordinates are illustrated. Of course, in 5      addition to the
intersecting hyperbolic coordinates as illustrated, the three   5
transducers 34, 35, 36 in the upper row can be utilised in precisely the
same way as the three transducers illustrated in Figure 3, and thus many
intersecting hyperbolea can be defined. In using the present invention it
is possible to utilise, as a transducer, merely a 10     flat disc 39 of a
piezo-electric material. Such a transducer may be located in a  10 



horizontal position as illustrated in Figure 6. Such a transducer does
possess several disadvantages. If a bullet 40 is fired to the right of the
transducer the subsequent shock wave 41 will impinge on the edge or corner
of the transducer 39, and the transducer will be compressed both in a
vertical direction and in a 15      horizontal direction. The resultant
output of the transducer will have a wave form  15 substantially as
illustrated in Figure 7, which is a negative going sinusoidal wave form 42
having a small positive "pip" 43 at the leading edge. It is desired to
measure the time T illustrated on the wave form, and it is very difficult
to detect this time T accurately since the amplitude of the "pip" 43
depends upon the 20      precise position of a bullet, is difficult to
distinguish from background noise, and  20 can even be absent. The computer
is provided with information concerning the position of the transducer,
this information being the precise position of the centre 44 of the
transducer and the computer performs all calculations on the basis that the
25      transducer is at this particular position, and that the output
signal generated by  25 the transducer is indicative of the instant at
which the shock wave arrives at this particular position. The transducer,
however, provides an output with a predetermined response time as soon as
the shock wave impinges upon the transducer. If a bullet 45 passes
vertically above the transducer 39 the shock wave 30      impinges directly
on the upper surface of the transducer, generating an         30
appropriate output signal. Now it can be seen that the trajectory of the
bullet 40 fired to the right of the transducer is further from the point 44
than the trajectory of the bullet 45 passing immediately over the
transducer. However the distance between each of the trajectories of the
bullets 40, 45 is 35      equal to a distance L, and since the transducer
provides an output as soon as the  35 shock wave impinges on the transducer
the times between the bullets passing and the output signal being generated
are equal. Thus the output of the transducer would suggest that the
trajectories of the bullets 40, 45 are equispaced from point 44, which is
not correct. In other words a slight timing error will be generated and 40
the computer will calculate the trajectory of the bullet passing to the
right of the  40 transducer to be closer to the point 44 than it is in
reality. This particular disadvantage can be overcome merely by disposing
the transducers in a vertical orientation so that the transducers are in
the form of vertical discs 46, 47, 48, 49 as shown in Figure 48 the planar
faces of which are 45       directed towards the trainee marksman. Then, as
a bullet 50 passes over the discs  45 and the resultant shock wave is
generated the shock wave will always impinge upon the periphery of each
disc, and the point of impingement of the shock wave on each disc will be
an equal distance from the centre or origin of the disc. Thus a constant
timing error will be introduced into each signal generated by each 50
transducer, and since it is only time differences that are used as a basis
for the  50 calculations this constant error will be cancelled out.
However, orienting the discs in a vertical position will not obviate the
problem of the positive pip 43 at the beginning of the output signal 42,
and thus, in the present invention, it is preferred to provide each
transducer with a dome of a solid 55       material having a convex surface
exposed to the shock waves, the planar base of  55 the dome being in
intimate contact with the transducer material and being adapted to transmit
shock waves from the atmosphere to the transducer. If a hemispherical dome
is utilised, provided that the axis of the dome is pointing vertically
upwards in front of the target, or is directed towards the trainee 60
marksman. or is at an orientation between these two limiting orientations
the shock  60 waves generated by the projectiles fired at the target will
always strike the periphery of the hemispherical dome tangentially, and
shock waves will be transmitted radially through the dome directly to the
centre of the transducer. Thus a constant timing error is introduced, this
timing error being equal to the 65       time taken for the shock wave to
pass from the periphery of the hemispherical    65    1,580,253
11 dome to the centre thereof, and as indicated above such a constant
timing error will be of no consequence. 



It will be appreciated that the hemispherical dome serves to prevent or
minimise the generation of the positive going pip 43 at the beginning of
the wave 5     form generated by the transducer, and thus the output of the
transducer now   5 resembles more closely a sinusoidal wave form. However,
it is important that the instant of commencement of this sinusoidal wave
form be measured with great accuracy, and thus it is preferred to utilise a
transducer that will have a very fast response, though not necessarily a
large response. It is found that if the response 10    times of a series of
piezo-electric discs of different size are compared, it is found  10 that
the response time is a function of the diameter of the disc, the smaller
discs having a faster response time. However, it has been found that a
response time of all discs with 5 mm diameter or smaller are substantially
equal. It is to be noted, however, that the amplitude of the output of such
a disc is proportional to its size, 15     and it is for this reason that
it is presently preferred to utilise a disc having a  15 diameter of 5 mm,
since such a size provides the fastest response time with the highest
amplitude output signal. This size of disc .is also preferred since the
output of a transducer provided with such a disc has a frequency much
higher than that of any noise or interference likely to be encountered and
thus such noise can be 20     filtered out. However, it is envisaged that
smaller diameter discs may be preferred  20 for reasons of improved
accuracy. With reference to Figures 9 and 10 of the accompanying drawings a
preferred transducer for use in connection with the present invention
comprises a transducer element consisting of a disc 51 of piezo-electric
material such as, for 25     example, lead zirconium titanate. The disc 51
is I mm thick and 5 mm in diameter.  25 The opposed planar faces of the
disc 51 are provided with a coating of a conductive material 52, such as
silver which may be provided in any convenient way, such as by vacuum
deposition. Two electrically conductive wires 53, 54, for example, of
copper or gold, are connected to the centre of the lower surface of the 30
disc and to the periphery of the upper surface of the disc by soldering or
by  30 ultrasonic bonding. The disc 52 is then firmly mounted in a housing
which comprises a cylindrical member 55 having a 5 mm diameter recess 56 in
one end face, the recess 56 having a depth of 1.5 mm, the recess 56 also
being associated with an axial bore 57 extending through the member 55 to
accommodate the wire 35     53 provided on the lower surface of the
piezo-electric member. A second bore 58,  35 parallel to bore 57 is formed
in the periphery of the member 55, this bore 58 being adapted to
accommodate the wire 54 and terminating in an open recess 59 adjacent the
main recess 56. The member 55 may be formed of Tufnol, which is a phenolic
resin bonded fabric, this material being readily obtainable in cylindrical
40     form, the housing being machined from the material, although
alternatively the  40 housing may be formed of a two part phenolic resin
such as that sold under the Trade Mark "Araldite", the resin being retained
in a cylindrical aluminium case 60, and subsequently being machined. If
this particular expedient is utilised the aluminium case 60 may be earthed
to provide a Faraday cage to minimise noise. 45     The piezo-electric
material and wires are bonded into the member 55 with an  45 adhesive such
as Araldite or a cyano acrylic impact adhesive. Two small bores 61, 62 are
formed in the lower surface of the member 55, and electrically conducting
pins 62, 63 are mounted in the bores. The wires 53, 54, protruding from the
lower ends of the bores 57, 58 are soldered to the pins, and an adhesive or
other suitable 50     setting material is utilised to retain all the
elements in position and also to secure a  50 solid hemispherical dome 65
to the transducer. The dome may be machined from aluminium or cast from a
setting resin material such as that sold under the Trade Mark "Araldite".
The dome 65 has an outer diameter of 8 mm, which is equal to the diameter
of the housing and a centrally disposed projection 66 on the base this 55
projection being adapted to contact the piezo-electric disc 51 and having
the same  55 diameter as the disc 51. Alternatively the dome and the member
55 may be cast as a single integral unit. The pins 63, 64 protruding from
the base of the holder may be connected to a co-axial cable, and the entire
connection may be encapsulated in soft rubber. The 60     coaxial cable may
be short (i.e. up to I metre in length) and is connected to a  60 suitable
amplifier adapted to amplify the output signal generated by the transducer.
In an alternative embodiment of the invention the pins provided on the
holder are connected directly to a printed circuit board upon which is 



mounted the amplifier, the printed circuit board being potted on to the
base of the 65     housing.
65    12                                     1,580,253
12 The housing coupled with its associated transducer is mounted, as
generally described above, in front of the target, and it is important that
both the housing and any cable emerging from the housing be acoustically
decoupled from any support or any other rigid structure that could possibly
receive the shock wave 5     detected by the transducer before the shock
wave is received by the hemispherical  5 dome provided on top of the
transducer. Thus, if the transducers are mounted on a rigid horizontal
framework it is important that the transducers are acoustically de-coupled
from such a framework. The transducers may be mounted on a block of any
suitable acoustic de-coupling medium, such as an expanded polymer foam, 10
or a combination of polymer foam and metal plate. The most preferred
material is  10 closed cell foam polyethylene, this material being sold
under the Trade Mark "Plastizote" by Bakelite Xylonite Limited. Of course,
many other acoustic de- coupling materials may be used such as glass fibre
cloth or mineral wool. The transducer may be mounted by taking a block 67
of acoustically coupling 15     medium as illustrated in Figure 11, forming
a hole or recess 68 within the block of  15 material dimensioned to
accommodate the transducer and holder and inserting the housing into the
recess. The entire block may then be clamped in any convenient way, such as
by clamps 69 to a suitable framework or support 70, these items being
illustrated schematically. 20         When the transducers have been
positioned relative to the target it is    20 necessary for information
concerning the precise position of each transducer to be supplied to the
computer together with information concerning the position of each target
relative to the transducers. The appropriate distances may be measured
carefully and the appropriate information may be fed to the transducer, 25
or other methods may be used for supplying information to the computer. For
25 example, instead of measuring the distance between the tranducers with a
ruler or the like, a rod of metal may be located so that the rod of metal
is touching each of the transducers, and an ultrasonic pulse may be
propagated along the rod of metal, the time or arrival of the pulse at each
transducer being measured and 30     recorded by the computer. The computer
is provided with the speed of the      30 ultrasonic pulse wave along the
metallic rod, and consequently the computer is able to calculate, with a
high degree of accuracy, the precise position of each transducer. It will
be appreciated that when bullets are fired towards the targets the. 35
position of the bullet is measured relative to the transducer, and it is
this position  35 that is eventually displayed by the computer. Thus it is
important that the computer be provided with precise information concerning
the position of the target relative to the transducers. The amplitude of
the shock waves generated by each of the transducers as 40     described
above will depend upon the velocity of the bullet, the precise nature of
40 the bullet, the distance of the bullet from the transducer, and many
other variable factors. From this signal it is necessary to obtain a
precise signal which can be utilised to operate the means which measure the
time at which the shock wave was 45     detected by the transducer, and
thus, effectively, it is desired to change the analog  45 signal produced
by the transducer into a digital signal. Thus the signal is fed to an
amplifier which provides a digital signal having a fast leading edge, the
amplifier being triggered by a shock wave but not triggered by any noise.
The preferred amplifier 71 is shown in Figure 12 of the accompanying
drawings, and it is to be 50     noted that the signal is supplied to the
amplifier along the coaxial cable 72, the two  50 cores of the coaxial
cable being fed past various biasing resistors to the input of a
differential amplifier 73. The output of the differential amplifier 73 is
AC coupled to a trigger threshold comparator 74 in which the signal is
compared with a predetermined reference signal to prevent the entire
apparatus being triggered by 55     noise rather than a shock wave. The
trigger threshold comparator 74 may be    55 



adjusted to adjust the sensitivity of the device. The output of the
comparator is amplified with a linear amplifier arrangement 75, 76, 77 and
an amplified signal is provided at output 78. The component references
shown in Figure 12 of the accompanying drawings 60     identify the
components utilised in the preferred embodiment of the invention,  60 these
components being military grade components available from Texas
Instruments. The output of the amplifier 71 can be considered to be a
digital signal. As already indicated the mathematical analysis given above
is based on the 65     assumption that the shock wave generated by a
supersonic projectile expands   65    13
1,580,253                                      13 perpendicularly to the
trajectory of the projectile, whilst embodiments of the invention based on
the above mathematical analysis have proved satisfactory, the accuracy
cannot be improved over certain limits. It has now been appreciated that
when a bullet is fired from a gun such as a 5      rifle at each instant of
time the supersonic bullet generates a shock wave, each  5 shock wave
subsequently expanding spherically at a linear rate. Figure 13 of the
accompanying drawings illustrates the trajectory of a bullet and indicates
the positions occupied by the bullet at instants 11-14. The figure also
illustrates the spherical shock waves generated by the bullet at those
instances, the shock waves 10      all being illustrated at the instant 14.
It will be appreciated that the diameter of the  10 shock wave at the
position occupied by the bullet at time 14 is nil, whereas the diameter of
the shock wave generated by the bullet at time II is relatively large. It
will also be appreciated from Figure 13 of the accompanying drawings, that
the envelope of the spheres defines a generally conical shock wave, and
since a shock 15      wave is generated at every instant such a conical
envelope is generated.       15 Figure 14 illustrates the trajectory of a
bullet or other projectile approaching the target, and also illustrates the
shock wave generated when the bullet is at the position A being detected by
a sensor C. The bullet impinges on the target at the point D. 20
It is possible to consider the situation from a mathematical approach,
initially  20 assuming that at a time To the bullet is at a position P
somewhere on the trajectory, and also by constructing a perpendicular from
the sensor to the sensor, this perpendicular terminating at the point D on
the trajectory. The shock wave generated when the bullet is at point A on
the trajectory is detected by the 25      transducer C.
25 Consider a bullet travelling along the trajectory PADB ultimately
striking the target at B. It is required to find the coordinates of the
point B in the target plane with respect to the origin of our coordinate
system 0. P represents the position of the bullet when a timing period is
started. The 30      shock wave which eventually triggers the sensor at C
originates from point A on  30 the bullet trajectory. D is a point on the
trajectory such that CD is perpendicular to AD. It is assumed that the
bullet trajectory is linear over the (relatively short) distance PB. Let T
be a unit vector in the direction of the trajectory. 35          From the
properties of shock waves from supersonic projectiles, we have that  35 sin
[err]                           (I) Vb where v  is the velocity of sound
and vb is the velocity of the bullet. Now, the time for the shock wave to
reach the sensor at C is given by t=time for bullet to travel+time for
shock wave to travel 40                     from P to A           from A to
C                                40 Starting with this initial mathematical
concept it is possible derive a vector equation relating the various
vectorial parameters and t. A similar equation will hold for each of the
sensors in the sensor array. When the time t is known for each sensor in
the array it is possible to solve the equations 45     as a set of
simultaneous equations. In one case the equations will each contain  45
five unknowns, and thus five equations must be solved simultaneously. The 



equations may be solved iteratively. A rifle range that is based on such a
mathematical approach will now be described. 50         Figure 15 of the
accompanying drawings illustrates the arrangement of        50 transducers
79 on a range having a plurality of lanes 80 and a plurality of target
banks 81. The transducers 79 of each target bank 81 are connected to a
timing arrangement 82 (which will be described hereinafter) and the output
of each timing arrangement is fed to a buffer 83. Thus, referring to Figure
16 of the 55     accompanying drawings there are three banks of targets 81
which provide signals  55 from the transducers to the three timing
arrangements 82, and thus to three buffers 83. The buffers are interrogated
sequentially by the computer 7, and when any information is available at
the output of a buffer 83, then that information is transferred into the
computer 7, and subsequently the buffer is cleared. Each    1,580,253
14 target bank is provided with a long row of transducers located in front
of each target. There is not a specific group of transducers located in
front of each individual target. It is to be appreciated that in utilising
an arrangement in which information from each bank of transducers is stored
in a buffer, and then the 5     buffers are interrogated by the computer
the amount of wiring needed on the    5 range is minimised, since otherwise
each transducer would need to be individually connected to the computer.
Referring to Figure 16 each timing arrangement 82 comprises an arrangement
of tristate latches 84, each latch being connected to the output of the 10
amplifier 71 associated with an individual transducer. Each latch 84 may
comprise  10 a latch as sold by Texas Instruments under the reference
number 74363. Each of the tristate latches 84 is connected to an output of
a 24 bit clock signal generator 85, this signal generator generating
successive signals indicative of the precise time. A new signal is
generated every ten nano seconds. The arrangement is such 15     that when
the digital signal is provided from the amplifier 71 associated with a  15
transducer to a latch 84 the latch will record the 24 bit clock signal
present on the output of the 24 bit clock signal generator 85 at that
instant. The digital signal from the amplifier 71 also fed, simultaneously,
to a control device 86 which subsequently causes the signal recorded on the
latch 84, together with a signal 20      permanently recorded on a read
only memory 87 associated with the latch, to be  20 transferred to the
buffer 83. The signal stored on'the read only memory 87 is a signal
representative of the transducer associated with that particular latch 84.
The buffer 83 is a "first in-first out" type device and acts as a temporary
store for information. The information stored in the buffer 83 comprises
the signal 25     temporarily stored on the latch 84, and the signal
permanently stored in the  25 associated read only memory 87. Once this
information has been accepted by the buffer 83 a further signal is sent to
the latch 84 and the latch then clears and is ready to store another signal
from the clock signal generator 85 on receipt of a further shock wave from
the associated transducer. Thus, the buffer 83 will store a 30     large
number of separate items of information, each item  of information      30
comprising a signal representative of a particular transducer and a signal
representative of the time of receipt of a shock wave by that particular
transducer. Of course, if two successive shock waves are detected by the
same transducer, then two signals will be temporarily stored in the buffer
comprising the same 35     signal representative of that transducer, but
different signals representative of the  35 time of a shock wave by that
transducer. When a signal stored in the buffer is available in the output
of the buffer 83 a signal is forwarded to the computer 7, and the computer
7 then interrogates each of the buffers, accepting information from the
buffer 83 that has information 40      present on its output. Information
from the buffer 83 is fed to a first mini-  40 computer 88 and is also fed
to a memory 89 present in the computer assembly. These components, and
other components present in the computer assembly, are connected together
by a maxibus 90, which is shown in Figure 17 in the accompanying drawings,
and the arrangement operates in real time, that is to say, 



45     time not shared between the various components, but the components
operate    45 independently of each other, and the components may thus
operate simultaneously. The mini-computer 88, which may be a Texas
Instruments TMS 9900 computer associated with a local memory comprising an
Intel 2102 memory, initially scans the data received from the buffer and
compares the various times of 50     reception of the shock waves by the
transducers with predetermined criteria.  50 From this initial comparison
various "groups" of received signals are identified, each received groups
of signals falling within the predetermined criteria and thus being signals
that are possibly derived from a single projectile. For example, as a
projectile passes over the transducers the shock wave generated by that
projectile 55      will be detected by five or six transducers of a long
row of transducers located  55 under the targets at which the projectile is
aimed. The transducers will all detect the shock wave within a
comparatively short period of time, and thus the signals detected by the
transducers can easily be distinguished from the signals received by the
transducers from a subsequent projectile, since the signals received from
60      the subsequent projectile will be much later in time.
60 As indicated above, the mini-computer 88 selects likely groups of
received signals, and feeds the signals to a purpose built pre-programmed
computer 91 of PROM (programmed readout memory) which operates as a maths
unit to conduct a predetermined mathematical operation on the input data
and to provide an 65      output signal representative of the position of
the trajectory of the projectile.  65    15
1,580,253                                     15 It will be appreciated
that the programming of such a device is inherent in that the hardware of
the device, and thus no software programme is necessary. Thus the device
can operate at a very high speed, and such an approach is feasible since
the unit will only be required to perform one mathematical function. 5
However, it is to be appreciated that a programmed computer could be used,
5 provided that the programmed computer was able to operate with sufficient
speed. When the maths unit 89 has calculated the position of the
trajectory, that information is fed to memory 89, and from thereto a visual
display assembly 92. The visual display assembly 92 comprises means for
generating a signal 10     which, when fed to a cathode ray tube, causes
that cathode ray tube to display a  10 representation of a target.
Referring to Figure 18 the preferred means for generating such a signal
comprises a closed circuit television camera 94 associated with means 95
for projecting an image on a photographic slide 96 into the camera. The
camera 94 operates in the usual way and thus produces a video signal 15
representative of the image on the slide 96. Also present on the slide 96
are various  15 marks or lines defining X and Y axes, the position of the
target being known with regard to these axes. Part of the video signal from
the camera is fed to two separate detector circuits 97, 98, which are
adapted to detect the position of the beam scanning the target in the
camera at any instant, the detector circuits 97, 98 20     being connected
to a blanking device 99 adapted to blank out that part of the  20 video
signal which relates to the marks defining the axes. Thus the result of the
video signal on line 100 comprises only a part of the video signal
generated by the camera 94, that being the part of the signal
representative of the image of the target. The signals generated by the X
detector and Y detector are also fed to a 25     separate comparator 101,
this comparator being provided with information, from  25 the computer 7,
comprising the precise position of each projectile detected by the system.
The comparator 101 compares the position of the projectile with the signals
from the X detector and Y detector, and when the signals correspond, that
is to say when the beam in the camera 94 is directed at the area of the
image 30     projected into the camera 94 corresponding to the area of the
target on the range  30 that has been impinged by the projectile, then the
comparator provides an output signal which is fed to an exclusive OR gate
102. The output of the blank 99 is fed to a cathode ray tube 103 via the
exclusive OR gate 102, and it will be appreciated that the cathode ray tube
will display an image of the target derived by the camera 35     94 from
the slide 96, and will also display, on that image, areas where the colour
of  35 the image has been reversed indicative of the points of the target
impinged upon 



the bullets or projectiles fired on the range. Of course, it is assumed
that the bullet or projectile will impinge upon the target at the position
calculated by the computer from the information derived by the transducers.
40          One visual display unit 92 may be' provided for a range
controller, and the  40 range controller may select any target of the
plurality of targets on the range as being a target of interest, and then
the visual display unit will display a representation of that particular
target and a representation of the positions at which projectiles fired at
that target have impinged on the target or passed by the 45     target. A
plurality of such visual display units may be provided for a plurality of
45 range controllers, and indeed, as envisaged in the opening paragraphs of
this description an individual display unit may be provided for each
trainee marksman so that the marksman may immediately see where each bullet
goes. It is envisaged that in a range in accordance with the invention the
individual 50     targets will each be associated with a mechanism for
raising the target to 'an  50 exposed position and lowering the target to a
concealed position. These mechanisms may be controlled by the computer
assembly, and the computer assembly may include a users programme store 104
on which a predetermined programme of movements of the targets may be
stored, the targets executing 55     these predetermined movements when the
stored programme is activated. A       55 second mini-computer 105 which
again may be a Texas TMS 9900 computer may be provided connected to the
mechanical devices 106 which are provided to move the targets, this
computer recording the position of each particular target and checking the
correct functioning of each particular target. A further visual display 60
unit 107 may be provided in such an embodiment of the invention, this
display unit  60 displaying images depicting the various targets present on
the range, the display present on the visual display unit at any particular
time being indicative of the condition of each target, that is to say,
whether the target is in the raised position or in the lowered position,
and also indicating the number of hits that have been scored on any
particular 65     target. It is envisaged that this particular visual
display unit will be provided for a  65    16
1,580,253                                    16 supervisory range
controller who may, from considering the visual display unit, assess the
precise condition of each target present on the range. This visual display
unit is also adapted to indicate a malfunction of any particular target. A
printer 108 is also associated with the computer assembly, the printer
being 5     operable to provide print-outs of any of the information
present in the store. A  5 paper puncher may also be provided. The main
computer 109 which provides a controlling function is preferably a computer
sold by Computer Automation (Naked Mini Division) of Irvine, California, as
computer OS 1 4/10, the users programme store 104 is preferably a 10
floppy disc sub system model 18566-XX as sold by Computer Automation, the
10 main memory 89 is preferably a core memory of up to 32 K words as sold
by Computer Automation, and the preferred printer 108 is a Centronix 306,
also available from Computer Automation. It will be appreciated that many
modifications may be made, and the 15     computer may be provided with
facilities for calculating a score attributable to  15 any particular
projectile, this score being displayed on the appropriate visual display
unit. The targets utilised in a range in accordance with the present
invention may be static targets, may be targets that rise and fall in
response to command signals 20     as shown in Figure 1, or may merely be
sprays of water or the like with visual  20 images representative of the
targets projected on them. If the targets are of the type that rise and
fall, the targets may be controlled by land line, as described above,
although the targets may be controlled by radio signals. The computer may
be operated to cause a target to fall briefly whenever the target is
actually hit by a 25     trainee marksman. Furthermore, whilst the
invention has been described with   25 reference specifically to a fixed
rifle range, it is to be appreciated that the invention may be utilised in
a range where targets move along on trolleys, the transducers also being
mounted on the trolleys in a fixed position relative to the 



targets. Alternatively the invention may be utilised in connection with
ground-to- 30     air or air-to-air training, in which case the transducers
would be mounted on the  30 drogue which is the target. When a range as
described above is utilised for training a large number of marksmen the
computer which is located at a central control console may perform many
functions and the precise functions performed by the computer 35     may be
controlled by various push buttons or the like provided on the control  35
console. Initially the computer may be adapted to calculate the position of
each round fired at each target and to provide signals to visual display
units provided adjacent each trainee marksman so that each of the visual
display units displays a 40     representation of the target at which the
trainee marksman is aiming, and also  40 provides an indication of the
points at which the trainee marksman has hit the target in any particular
firing session. Thus, if a trainee marksman is to fire ten rounds at the
target, as the rounds are successively fired at the target so the position
of impact of the rounds on the target may be displayed on the 45
appropriate visual display unit.
45 Of course, near-misses can also be displayed upon the visual display
unit, since such near-misses will be detected by the transducers. At the
end of a shooting session if the marksman has been reasonably accurate in
his shooting there should be ten points marked on the representation of the
target, indicating 50      precisely where the rounds have hit the target.
It is possible that the various points  50 displayed on the display unit
may be associated with numbers indicating the precise order in which the
rounds were fired at the target, thus permitting the marksman to assess
whether his accuracy was improving or not during the shooting session. 55
The computer may also calculate for each target for each shooting session
in  55 the overall dimension of the "Group" as fired by the training
marksman. These figures may also be displayed on the individual display
unit 9 provided for each trainee marksman. Alternatively, the number of
"hits" and the number of "misses" may be recorded and displayed, or the
score obtained by the marksman 60      may be displayed.
60 It is envisaged that the computer 7 may be programmed to draw the
attention of the range controller to any trainee marksman who is firing
very inaccurately to enable the range controller to provide that trainee
marksman with instructions or advice. The central control console is
provided with a display device 8 enabling 65      the trainer instantly to
view a representation of any one of the targets, this  65    17
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corresponding precisely with the representation shown on the visual display
of the appropriate trainee marksman. Thus the trainer may monitor the
progress of each trainee marksman. The printer 13 may merely print the
score and grouping obtained by each of 5     the trainee marksmen during a
shooting session, or the printer may be operated to  5 provide a print-out
representation of any or all of the targets including a representation of
the points at which each of the targets has been hit by bullets. Such a
print-out may constitute a permanent record of the shooting of any
particular marksman. 10          The targets 3 utilised with the present
invention may be static targets, and it  10 will be appreciated that since
the targets only function as an aiming mark it will not be necessary to
replace any target until the target is virtually totally destroyed. It will
also be appreciated that the invention may be used with advantage in
connection with targets that can be moved from a concealed position to an
15      exposed or firing position, and vice-versa. Targets of this type
are illustrated in  15 Figure I of the accompanying drawings. The invention
may also be used in connection with targets mounted on trollies for
movement along a predetermined track, the transducers also being mounted
directly or indirectly on the trolley for movement with the target. Of
course, the invention may be used 20     in conjuction with many
facilities, such as lights to illuminate the target to permit  20 



shooting to be conducted after dark, and means on or adjacent the target to
simulate retaliatory fire. Such means may be controlled by the computer to
be operated in response to a shot fired at the target but which is a near
miss. Many further possibilities will suggest themselves to those skilled
in the art. 25          The mathematical analysis given above presumes that
the air in which the   25 projectile is fired is still, but if the range is
an open air range the possibility always exists that the wind may be
blowing. The following mathematical analysis takes account of the effect of
wind. Referring to Figure 19 a bullet travels along the trajectory PAB,
eventually 30     striking the target at B, whose coordinates are to be
found.                    30 The shock wave which eventually triggers the
sensor at C initiates at point A on the bullet trajectory. P is the
position of the bullet when a timing period is started, i.e. P represents
an arbitrary origin of timing. 35         0, a point in the target plane,
is the origin of our coordinate system.     35 Now let the total time for
the signal to reach C from P be t, t is made of the time taken for the
bullet to reach A and the time taken for the shock wave to reach C from A.
Let these be t1, and t2 respectively. We can regard the shock wave motion
as being a spherical expanding wave 40     front in moving air. In time
interval t2, the centre of the spherical disturbance has  40 moved from A
to R due to the effect of wind, while the disturbance has expanded to
radius RC. Again it is possible to define a vector equation relating
various vectorial parameters and the sum of t1, and t2 45          For
example such an equation will relate the time of arrival of the shock wave
45 at a sensor C, to the position of the sensor and the coordinates of the
bullet hit position in the target plane. A similar equation will hold for
each of the sensors in the array, and sufficent sensors will allow equation
to be solved for the various unknowns. 50         In practice iterative
methods may be adopted for solving the equations.     50 When wind is taken
into account there are more unknowns and thus more items of input data have
to be available to enable the position of the projectile to be determined.
When solving simultaneous equations there have to be as many equations as
there are unknowns, and thus a large number of time differences 55     have
to be measured if accurate results are to be obtained.
55 In an alternative approach to the problems posed by the existence of
wind the speed and direction of the wind may be measured and fed to the
computer, and due account of the wind speed may be taken into account in
performing the necessary calculations. 60         One convenient way of
measuring the wind speed, or at least measuring the   60 effects of the
wind speed, is to provide one or more sound sources, such as sound emitting
transducers, located at predetermined points relative to the transducer
array. The sound emitting transducers are controlled by the computer and
emit sounds of such a frequency that they may be detected by the
transducers. The 65     transducers and timing devices measure the time of
detection of the sound waves  65    ;   18
1,580,253                                     18 generated by the
transducers and these times are compared with the times at which the
transducers are activated. This comparison enables the effects of wind to
be measured accurately, and the effects of wind can thus be monitored
instant by instant, and at several parts of the range. This is of
particular use in blustery 5      conditions.
5 With the transducers arranged in a straight line or in a staggered
fashion four transducers enable accurate results to be obtained if one
assumes that the projectile travels perpendicularly to the target and there
is no wind, five transducers enable accurate results to be obtained if the
projectile has a known 10      oblique incidence and there is no wind, six
transducers enable accurate results to  10 be obtained if the projectile
has an unknown horizontal component of incidence and a known vertical
component and there is no wind, seven transducers enable 



accurate results to be obtained for normal incidence and an unknown wind
factor, and for known oblique incidence and an unknown wind factor; and
eight 15      transducers enable accurate results to be obtained for
bullets with an unknown  15 horizontal component of incidence and a known
vertical component of incidence if there is no wind. If the transducers are
in the staggered, two row arrangement, six transducers enable accurate
results to be obtained if the projectile has 20      a known horizontal
component of incidence, an unknown vertical component       20 of incidence
and there is no wind, seven transducers enable accurate results - to be
obtained if the projectile has an unknown incidence and there is no wind,
eight transducers enable accurate results to be obtained if the projectile
has a known horizontal component of incidence, an unknown horizontal
component 25      of incidence and there is an unknown wind factor, and
nine transducers enable  25 accurate results to be obtained when the
projectile has unknown incidence and there is an unknown wind factor. The
numbers of transducers listed above indicate the number of transducers in
the group selected by the computer, and timing signals must be received by
the 30      computer from the specified number of transducers if the
position of a projectile  30 is to be calculated accurately in each of the
specified set of conditions. From the foregoing it will be appreciated that
on many occasions it is preferable to mount the transducers in a staggered
or non-linear arrangement. One preferred method of mounting the transducers
in this fashion is illustrated in, 35       Figure 20. The transducers are
mounted within appropriately spaced apertures  35 110 formed in a panel III
comprising a central rigid sheet of metal 112 the faces of which are
provided with sheets of sound absorbing material 113. The domes 65 of the
transducers protrude from the front face of the panel III and are thus
exposed to the shock waves. The rear end of each transducer is provided
with a radially 40      extending flange 114 which is adapted to contact
the rear surface of the panel 111  40 to assist in locating the
transducers. The apertures 110 can be accurately located by drilling the
apertures with an appropriate jig. If the spacing between the apertures
tends to vary with varying temperature as a result of thermal expansion
means may be provided to measure the temperature and to provide
compensating 45      information to the computer 7. The panel 111 may be as
long as desired, and may  45 accommodate as many transducers as required.
The transducers may detect secondary shock waves generated when the
projectile impinges on a rigid target located adjacent the tranducers. The
timing devices, and thus the computer, may be unable to distinguish between
such 50      secondary shock waves, and the shock waves that are generated
primarily by the  50 projectile. Thus it is preferred to locate the means
III supporting the transducers adjacent a block of sound absorbing material
or other sound absorbing medium, located between the transducers and the
target 116 as shown in Figure 1. A shock wave travelling in the direction
of arrow 117 and generated by a bullet will thus be 55      detected bv the
transducers, but a shock wave emanating from the target and    55
travelling in the direction of arrow 118 will not be detected by the
transducers. Thus the transducers are in the shadow of the member 115.
Figure 22 illustrates another embodiment of a range utilising apparatus in
accordance with the invention. One set of transducers 120 are located below
and 60      in front of a set of static targets 121. These transducers 120
are connected to the  60 computer 7 by a land line 122 as described above.
In addition to the static targets 121 there is a radio controlled target
carrying self propelled trolley 123 which is movable along a monorail track
124. The trolley 123 carries a target which is a representation of a tank.
A set of transducers 124' are mounted on the trolley and 65      signals
are set from the transducers 124' to the computer 7 via a radio link 125. A
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19 second radio link 126 is provided to enable control signals to be set to
the trolley 123. Many other ranges may be designed which utilise the
present invention, such ranges having static or trolley mounted targets,
targets that can fall automatically when hit and targets that are
especially illuminated for night time shooting. 



5          Figures 23 and 24 are flow charts of the two computing processes
described   5 above. WHAT WE CLAIM IS:- 1. An apparatus for determining
information concerning the trajectories of a supersonic projectile passing
through  a predetermined area, said apparatus     10 10     comprising at
least three transducers to be located spaced adjacent a common edge of said
predetermined area, each of said transducers being adapted to provide an
output signal in response to an airborne shock wave impinging on the
transducer and generated by the supersonic projectile, means to measure the
time delays between the output signals generated by each of the
transducers, and     15 15     means adapted to calculate, from said time
delays and from the locations of the transducers adjacent said common edge,
the information concerning the trajectory of the passing projectile. 2. An
apparatus according to claim I wherein the transducers are located adjacent
the lower side edge of said predetermined area.                       20 20
3. An apparatus according to claim I or claim 2 wherein the transducers are
adapted to be mounted so that said shock wave impinges directly on the
transducers. 4. An apparatus according to any one of the preceding claims
wherein each said transducer comprises a disc shaped member of a
piezo-electric material.   25 25          5. An apparatus according to
claim 4 wherein each disc has a diameter of approximately 5 mm or less. 6.
An apparatus according to claim 4 or 5 wherein the plane of each disc
shaped member is substantially vertical. 7. An apparatus according to any
one of the preceding claims wherein each  30 30     transducer comprises a
member of rigid material for transmitting said airborne shock wave to a
piezo-electric member in firm contact with the base of the said member,
said member of rigid material having a convex surface exposed to the shock
wave. 8. An apparatus according to claim 7 wherein said member of rigid
material is  35 35      hemi-spherical. 9. An apparatus according to claim
5 wherein each transducer comprises a member of an insulating material
having a recess to accommodate a disc of piezo- electric material having
conductive coatings on the two opposed faces thereof and channels
accommodating conductive wires connected to said coatings, the base of  40
40      said hemi-spherical member being secured to the piezo-electric
disc. 10. An apparatus according to claim 9 wherein the member of
insulating material is surrounded by a sleeve of an electrically conducting
material to act as a Faraday Cage. I1. An apparatus according to any one of
the preceding claims wherein each  45 45     transducer is mounted on a
rigid structure, the transducer being mounted in an appropriately shaped
block of acoustic de-coupling material, the block being clamped or
otherwise secured to the rigid structure. 12. An apparatus according to
claim 11 wherein said acoustic decoupling material comprises closed cell
polyethylene foam.                              50 50          13. An
apparatus according to any one of claims I to 10 wherein the transducers
are mounted in apertures formed at predetermined locations in a support
panel. the transducers being dimensioned to be snugly engaged in said
apertures, the panel being provided with means for absorbing shock waves.
14. An apparatus according to claim 13 wherein said panel comprises a sheet
55 55      of metal with sheets of sound absorbing material secured to the
faces thereof. 15. An apparatus according to any one of the preceding
claims wherein said predetermined area is a target area, and said
information concerning said trajectory is the position of the trajectory
relative to said target area. 16. An apparatus according to claim 15
wherein a target is provided in said  60 60      target area. 17. An
apparatus according to claim 15 or 16 wherein means for absorbing shock
waves or sound is located between a rigid target in said target area and
said transducers.   
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19 second radio link 126 is provided to enable control signals to be set to
the trolley 123. Many other ranges may be designed which utilise the
present invention, such ranges having static or trolley mounted targets,
targets that can fall automatically when hit and targets that are
especially illuminated for night time shooting. 5          Figures 23 and
24 are flow charts of the two computing processes described  5 above. WHAT
WE CLAIM IS:- 1. An apparatus for determining information concerning the
trajectories of a supersonic projectile passing through a predetermined
area, said apparatus  10 10     comprising at least three transducers to be
located spaced adjacent a common edge of said predetermined area, each of
said transducers being adapted to provide an output signal in response to
an airborne shock wave impinging on the transducer and generated by the
supersonic projectile, means to measure the time delays between the output
signals generated by each of the transducers, and  15 15     means adapted
to calculate, from said time delays and from the locations of the
transducers adjacent said common edge, the information concerning the
trajectory of the passing projectile. 2. An apparatus according to claim I
wherein the transducers are located adjacent the lower side edge of said
predetermined area.                    20 20         3. An apparatus
according to claim I or claim 2 wherein the transducers are adapted to be
mounted so that said shock wave impinges directly on the transducers. 4. An
apparatus according to any one of the preceding claims wherein each said
transducer comprises a disc shaped member of a piezo-electric material.  25
25         5. An apparatus according to claim 4 wherein each disc has a
diameter of approximately 5 mm or less. 6. An apparatus according to claim
4 or 5 wherein the plane of each disc shaped member is substantially
vertical. 7. An apparatus according to any one of the preceding claims
wherein each  30 30     transducer comprises a member of rigid material for
transmitting said airborne shock wave to a piezo-electric member in firm
contact with the base of the said member, said member of rigid material
having a convex surface exposed to the shock wave. 8. An apparatus
according to claim 7 wherein said member of rigid material is  35 35
hemi-spherical. 9. An apparatus according to claim 5 wherein each
transducer comprises a member of an insulating material having a recess to
accommodate a disc of piezo- electric material having conductive coatings
on the two opposed faces thereof and channels accommodating conductive
wires connected to said coatings, the base of  40 40     said
hemi-spherical member being secured to the piezo-electric disc. 10. An
apparatus according to claim 9 wherein the member of insulating material is
surrounded by a sleeve of an electrically conducting material to act as a
Faraday Cage. I1. An apparatus according to any one of the preceding claims
wherein each  45 45     transducer is mounted on a rigid structure, the
transducer being mounted in an appropriately shaped block of acoustic
de-coupling material, the block being clamped or otherwise secured to the
rigid structure. 12. An apparatus according to claim II wherein said
acoustic decoupling material comprises closed cell polyethylene foam.
50 50         13. An apparatus according to any one of claims I to 10
wherein the transducers are mounted in apertures formed at predetermined
locations in a support panel, the transducers being dimensioned to be
snugly engaged in said apertures, the panel being provided with means for
absorbing shock waves. 14. An apparatus according to claim 13 wherein said
panel comprises a sheet  55 55     of metal with sheets of sound absorbing
material secured to the faces thereof. 15. An apparatus according to any
one of the preceding claims wherein said predetermined area is a target
area, and said information concerning said trajectory is the position of
the trajectory relative to said target area. 16. An apparatus according to
claim 15 wherein a target is provided in said  60 



60     target area. 17. An apparatus according to claim 15 or 16 wherein
means for absorbing shock waves or sound is located between a rigid target
in said target area and said transducers.    20
1,580,253                                      20 18. An apparatus
according to any one of the preceding claims wherein means are provided for
amplifying the signal produced by each transducer. 19. An apparatus
according to claim 18 wherein said amplifying means comprise initial
amplifying means and a threshold comparator which only passes 5
signals having a predetermined minimum value.
5 20. An apparatus according to claim 19 wherein the output of the
threshold comparator is amplified with a linear amplifier. 21. An apparatus
according to claim 19 or 20 wherein the threshold comparator is adjustable.
10          22. An apparatus according to any one of the preceding claims
wherein four   10 transducers are provided. 23. An apparatus according to
any one of claims I to 22 wherein five transducers are provided. 24. An
apparatus according to any one of claims I to 21 wherein six 15
transducers are provided.
15 25. An apparatus according to any one of claims I to 21 wherein seven
transducers are provided. 26. An apparatus according to any one of claims I
to 21 wherein eight transducers are provided. 20          27. An apparatus
according to any one of claims I to 21 wherein nine         20 transducers
are provided. 28. An apparatus according to any one of the preceding claims
wherein the transducers are in a linear row. 29. An apparatus according to
any one of claims 23 to 28 wherein the 25      transducers are in two
staggered rows.                                           25 30. An
apparatus according to claim 16 wherein a plurality of target areas are
located adjacent one another, there being one array of transducers located
under the target areas, the said calculating means being adapted to select
signals from the transducers providing an output signal in response to
detection of a shock 30      wave generated by a supersonic projectile
fired at one of said target areas.     30 31. An apparatus according to
claim 30 wherein the said array is a linear row of transducers. 32. An
apparatus according to claim 30 wherein said array is two staggered rows of
transducers. 35          33. An apparatus according to any one of the
preceding claims comprises      35 means for storing temporarily
information concerning the time of generation of a signal by each
transducer, and means for subsequently transferring said information to a
computer constituting said calculating means. 34. An apparatus according to
claim  33 wherein said means comprises 40      counters which are started
and stopped in response to the detection of a shock   40 wave by
predetermined transducers, the counts stored in the counters subsequently
being transferred to said computer. 35. An apparatus according to claim 33
wherein a clock signal generator is provided to provide successive signals
representative of successive instants of 45     time, latches are provided
adapted to store the signal generated by the clock     45 signal generator
at the instant that the latch receives a signal from an associated
transducer, means are provided to provide a signal indicative of each
latch, means are provided to transfer signals from each latch and means
providing a signal indicative of that latch in a buffer, and means are
provided for transferring signals 50      from said buffer to a computer
memory when the memory is able to accept the      50 information. 36. An
apparatus according to claims 33, 34 or 35 wherein a plurality of groups of
transducers are provided, each group being associated with one of said 



storing means. 55          37. An apparatus according to claim 36 wherein
each group of transducers is  55 associated with one bank of targets. 38.
An apparatus according to any one of claims 33 to 37 wherein said computer
comprises means for storing information signals fed to the computer to
select groups of signals likely to be derived from a single shock wave, and
means 60      for calculating the position of a projectile from each of
said groups of signals.  60 39. An apparatus according to claim 38 wherein
said calculating means comprises a pre-programmed device. 40. An apparatus
according to any one of claims 33 to 39 wherein said computer is adapted to
control the display of information on a visual display unit, 65      and
wherein a television camera is provided to generate a display signal from a
65    21                                    1,580,253 visual image of a
target and means being provided to detect when a portion of the target
image corresponding to the calculated position of a projectile is being
displayed, and for inverting or otherwise modifying the display signal at
that instant. 5          41. An apparatus according to claim 40 wherein
means are provided for     5 determining the coordinates of the point of
the visual image being scanned by the television camera at any instant,
means are provided for comparing these coordinates with the coordinates of
the position of the projectile as calculated by the computer. 10
42. An apparatus according to any one of claims 33 to 41 wherein said    10
computer is also provided with means for printing output data or punching
paper with output data. 43. An apparatus according to any one of the
preceding claims wherein the transducers are all located adjacent a lower
edge of a target area and are 15      concealed from the firing point by
means which cannot be penetrated by said  15 projectiles. 44. An apparatus
according to claim 16 or any claim dependent thereon wherein said target is
provided with means to move the target from a concealed position to a
visible position and vice versa. 20          45. An apparatus according to
any one, of the preceding claims wherein   20 means are provided for
illuminating a target provided at said target area to permit shooting to be
conducted after dark. 46. An apparatus according to any one of the
preceding claims wherein said transducers and a target are mounted on a
trolley which can move along a 25      predetermined track to permit the
position of the target to be adjusted.     25 47. An apparatus according to
claim 46 wherein signals from said transducers are conveyed to said
calculating means via a radio link, and wherein control signals are
converged to said trolley via a radio link. 48. An apparatus according to
claim 44 wherein a computer is provided 30      adjusted to control and
monitor movements of said targets.                    30 49. An apparatus
according to claim 48 wherein a plurality of targets are provided and said
computer is provided with means for displaying the condition of each said
target. 50. An apparatus according to claim 44 wherein radio control means
are 35       provided to control movement of said target.
35 51. An apparatus according to any one of the preceding claims wherein
means are provided for calculating the effect of wind speed said means
comprising a controllable source of sound waves of a frequency detectable
by the transducers, and means to calculate the effect of wind speed from
signals received 40       by said transducers from said source of sound
waves.                         40 52. An apparatus substantially as herein
described with reference to and as illustrated in Figures I to 4, 6, 7 and
9 to 12 of the accompanying drawings. 53. An apparatus substantially as
herein described with reference to and as illustrated in Figures I to 4, 6,
7, and 9 to 12 as modified by Figure 5 of the 45       accompanying
drawings.                                                       45 



54. An apparatus substantially as herein described with reference to and as
illustrated in Figures I to 4, 6, 7 and 9 to 12 as modified by Figure 8 of
the accompanying drawings. 55. An apparatus substantially as herein
described with reference to and as 50      illustrated in Figures I and 13
to 18 of the accompanying drawings.           50 56. An apparatus
substantially as herein described with reference to and as illustrated in
Figures I and 13 to 18 as modified by Figure 19 of the accompanying
drawings. 57. An apparatus substantially as herein described with reference
to and as 55       illustrated in Figures 1 and 13 to 18 as modified by
Figure 20 of the accompanying  55 drawings. 11111111 111111 111111111111111
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22 58. An apparatus substantially as herein described with reference to and
as illustrated in Figures I and 13 to 18 as modified by Figure 21 of the
accompanying drawings. 59. An apparatus substantially as herein described
with reference to and as 5       illustrated in Figures I and 13 to 18 as
modified by Figure 22 of the accompanying      5 drawings. FORRESTER,
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