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3 Claims.

1

The present invention concerns a device for
computing the -range of a target relative fo an
observer and particularly concerns g slide rule
-for computing the horizontal range of a marine
target relative to a marine observer from ob-
“served sound echo data.

In marine operations it is necessary to make
:determinations of the position of a target rela-
-tive to an observer from under water observa-
tions. One system for making such determina-
tions, known as echo ranging, embodies projec-
-tion from the observer toward the target of a
-sound ‘beam, whieh is- reflected by the target
:back to the observer. Data observed include

:elapsed time hetween- projection of the sound.

‘and return thereof after reflection; the angle of
elevation or depression made by the sound path
‘with a horizontal plane of reference at the point
of observation; and the azimuth of the target.

Thus, in so-called anti-submarine -warfare, it is.

customary for an observing surface ship to pro-
ject a sound beam toward a submerged target
and to measure the elapsed echo time, angle of
depression, and azimuth. In another type of

-warfare, it is customary for an observing. sub- .

smarine to project a sound beam toward a surface
target and to -measure. the elapsed echo time,
angle:of elevation, and azimuth by. a.procedure
known as vertical triangulation listening ranging.

From the observed data.in sound echo ranging

of this type it is .possible .to..compute the un-
:known. horizontal range of. the. target. This is
accomplished by means.of triangulation. To ilI-
lustrate, the case. of a- submarine making. ob-
servations on. a-surface target vessel is consid-
ered. In Figure 3,.

A==o0bserving submarine

C=surface target

D=depth of submarine in feet (observed)

S=xdistance (unknown) - from ' submarine -to
target along sound beam path

‘R==horizontal range in yards (unknown, to: be
computed)

#=Angle of elevation ‘(observed) of sound beam
‘path relative to horizontal plane at submarine.

‘Solution of the problem for the unknown values
R and S is readily accomplished if it is assumed
that the sound beam follows a straight path be-
‘tween A and C along ‘line S and that the sound
travels at constant velocity. From -these  as-
sumptions,

S__elapsed time .(observed)
= 5 °

‘Also the unknown Horizontal range R, is computed

Xspeed of sound
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JIrom the observed submarine depth D and the

observed angle of elevation 6:
D(feet) 1
3 Xtan [}

Under actual operating conditions the assump-
tion that the sound beam path lies along a
straight line is usually not warranted and under
most conditions refraction of the sound beam in
the water occurs as indicated in dotted lines in
the diagram. Typically, the water body occurs
in substantially horizontal layers of different
sound-transmitting characteristics so that a
sound beam passing through the layers is re-
fracted in passage from one layer to another.
As a result of such refraction, value of the hori-
zontal range R computed in the manner above
indicated is not correct and it is necessary to
modify the computation to take into account the
change in angle ¢ and range that occurs with
refraction, )

It has been found that the change in angle 6
that occurs with refraction of the sound beam
in passing through the water body either toward
or away from the surface can be determined by
measurement of the change in velocity of sound
in the water body and that angle ¢ varies with
the sound velocity. This can be justified by
Snell’'s law of refraction considered in connection
with Figure 2. In the diagram a sound beam
A is considered passing downward through a
horizontal interface LI’ of two layers of a water
body and refracted at point P. The circle is
of unit radius for convenience. NN’ is normal
to LI’. Lines ab and a’b’ are parallel to NN’
and the lines bg and ¢'b’ are parallel to LI/,
Also v1 equals the sound velocity above LL’ and
v2 equals the sound velocity below LL’. I is the
angle of incidence; I’ is the angle of refraction.
¢ is the observed angle of depression; ¢’ is the
refracted angle of depression. From Snell’s law
of refraction:

v, sinl -~ bg bg
v, sinl’" b¢ o'P
also R :
bg _cosd
a’P™ cos 6’

R (yards) =

hence

v__cos b
v, cos b’
Thus angle ¢ varies with the sound velocity.
From the equation

R (yards) =—————D (f;et) X ta,111 7

it is seen that horizontal range R varies with
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angle ¢ and therefore horizontal range R varies
with sound velocity; measurement of sound ve-
locity is therefore a factor in computing horizon-
tal range. Thus when a sound beam passes
through layers of water having different sound-
transmitting characteristics, which cause refrac-
tion of the beam, it is possible by making ob-
servations of the speed of sound in the different
layers to include proper refraction corrections in
computbing the horizontal range.

Applicant has found that instead of using
sound velocity as the water characteristic to be
observed there are other characteristics that are
observable and affect horizontal range determi-
nation. One such characteristic is the thermal
structure of the water; which often is found in
substantially horizontal layers; the water may
have a negative temperature gradient (decrease
in temperature with increase in depth below the
surface) ; or there may exist a positive tempera-
ture gradient (increase in temperature with in-
crease in depth below the surface) ; or there may
exist a mixed layer of water above either a nega-
tive or positive gradient layer; or there may exist
jsothermal conditions (uniform temperature
with change in depth below the surface). An-
other characteristic is the surface temperature
of the water. Another characteristic is the
salinity and density of the water. Data obtained
by ohservation of these characteristics for a par-
ticular body of water can be used in determining
the refraction of the sound beam and computing
the horizontal range R. This method of com-
putation has the disadvantage of requiring ch-
servations of several different characteristics
and inclusion of the several different observa-
tions in the computation.

Computation of the horizontal range has here-
tofore been a cumbersome process involving sub-
stitution of observed values in a formula and
necessitating the use of numerous graphs repre-
senting the functional relationship between
variation of range with variation in characteris-
tics of the water body.

Applicant has overcome the difficulties of com-
putation by providing a slide rule of simple con-
struction for computing the value of horizontal
range. A first fixed scale is graduated in terms
of depth (of an observer). A second fixed scale
is graduated in terms of range (of target). A
sliding scale is graduated in terms of angle of
elevation (angle ¢) and registers with the first
fixed scale. The lower edge of the slide is pro-
vided with an index mark. The face of the slide
is inscribed with curves representing change in
sound velocity with change in angle ¢ (and hence
change in range). The cursor is graduated across
the face of the slide in terms of change in veloc-
ity. AV.

An object of the invention is to provide a de-
vice for computing from observed data the range
of a target relative to an observer.

Another object is to provide a slide rule for
computing the range of a marine target relative
to a marine observer from observed sound echo
data.

Another object is to provide a slide rule for
computing the range of a marine target relative
to a marine observer from sound echo data in
which the computation takes into account re-
fraction of the sound bheam.

Another object is to provide a slide rule for
computing range of a target relative to an obh-
server from sound echo data in which the slide
rule is arranged to take into account refraction
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of the sound beam hetween layers of water hav-
ing different sound-transmission characteristics.

Another object is to provide a slide rule for
computing range of a target relative to an ob-
server from sound echo data in which the slide
rule is arranged to take into account refraction
of the sound beam between layers of water hav-
ing different sound-velocity characteristics.

Another object is to provide a slide rule for
computing the range of a marine target relative
to a marine observer from sound echo data in
which a first fixed scale is graduated in terms of
depth (of an observer); a second fixed scale is
graduated in terms of range (of target); a slid-
ing scale is graduated in terms of angle of eleva-
tion (angle ¢) and registers with the first fixed
scale; the lower edge of the slide is provided with
an index mark; the face of the slide is inscribed
with curves representing change in sound veloc-
ity with change in angle ¢ (and hence change in
range); and a cursor is graduated across the
face of the slide in terms of change in velocity,
AV.

Further objects and advantages of this inven-
tion as well as its construction, arrangement and
operation will he apparent from the following
description and claims in connection with the
accompanying drawing in which the figure is a
plan view of a preferred embodiment of the in-
vention.

In the figure is shown a body | having spaced
rails 2 and 3, which define a channel # therebe-
tween. A slide 5 is mounted in channel 4 for
sliding movement between rails 2 and 3. Mounted
transversely across slide 5 and across rails 2 and
3 is a cursor 6 provided with end guides T and 8
for engaging the outer surfaces of rails 2 and 3
to guide cursor 6 for sliding movement along
rails 2 and 3. The surfaces of rails 2 and 3 and
of slide 5 are formed of opaque material capable
of being inseribed with markings. The portion
of cursor 6 extending across rails 2 and 3 and
slide 5 is transparent and capable of heing in-
seribed with markings.

Rail 2 is inscribed with a scale 9 graduated to
represent log depth in terms of linear feet. Scale
9 is provided with g first series 11 of identifying
numbers from 10 to 100 and with a second series
12 of identifying numbers from 100 to 1,000. The
dual set of numbers is used in order to provide
a slide rule of minimum length.

Rail 3 is inscribed with a scale 13 graduated
to represent log range in terms of linear yards.
Scale 13 is provided with a first series 14 of iden-
tifying numbers from 100 to 1,000 and a second
series 15 of identifying numbers from 1,000 to
10,000, Series 14 of scale 13 is for use with series
t{ of scale 9 and series 15 of scale 13 is for use
with series {2 of scale 9. Scales 9 and {3 are
of equal length and are aligned transversely of
body .

Slide 5 adjacent rail 2 is inscribed with a
scale 16 graduated to represent log tan inclina-
tion angle ¢ and is provided with a series 1T of
identifying numbers from 2.5 to 26. From the
egraduations of scale {6 as points of origin, there
are plotted a series of curves 18 and a second
superimposed series of curves 19. Curves 18 slope
downwardly and to the left from the points of
origin and represent log tan ¢ plotted as abscissa
points against velocity difference plotted as or-
dinate points. Velocity difference increases in
a downward direction and log tan ¢ increases to-
ward the right. Curves 18 represent a positive
gradient condition in which increases in velocity
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The invention described herein may be manu-
factured and used by or for the Government
of the United States of America for govern-
mental purposes without the payment of any
royalties thereon or therefor.

‘What is claimed is: )

1. A slide rule comprising a body member and
a-slide member, g first scale on said body member
and a second scale on said slide member adapted
to register with the first scale, graduations on
the:first scale representing log depth of an ob-~
server, graduations on the second scale represent~
ing log tangent of the angle of inclination of
a target relative to the observer, a third scale
on one of said members, gradudtions on the third
scale representing log range of the target, an
index con the other of said members gdapted for
registration with the third scale, curves inscribed
on the slide representing change in log range
of the target with change in veloeity of an echo
beam between the gbserver and target, a cursor,
anhd graduations on the cursor representing
change in velocity and adapted for registration
with said curves, said curves having their respec~
tive points of origin at respective ones of said
gradustions and said cursor being slidable over
sdid body member gnd said slide membéer.

2. A slide rule comprising a body member and
a slide member, a first scale on said body mémber
and a second scale on $aid slide member adapted
to register with the first scale, graduations on
the first scale representing log depth of an ob-
server, graduations on the sécond scale represent-
ing log tangent of the angle of inc¢lination of a
target relative to the observer, a third scale on
one of said members, graduations on the third
scale representing log range of the target, an
index on the other of said members adapted
for registration with the third scale, a first set
of curves inscribed on the slide representing
change in log tan average angle of inclination
plotted against increasing changes in velocity of
a refracted echo beam between the observer and
target, and a second set of curves superimposed
on the first set of curves with common points
of origin and representing changes in log tan
average angle of inclination plotted against de-
creasing change in velocity of a refracted echo
beam between the observer and target, said curves
having their respective points of origin at réspéc-
tive ones of said graduations.
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3. A slide rule comprising a body member and -
a slide member, a first scale on said hody membex
and a second scale on said slide member adapted
to register with the first scale, graduations on
the first scale representing log depth of an ob-
server, graduations on the second scale repre-
senting log tangent of the angle of inclination
of a target relative to the observer, a third scale
on one of said members, graduations on the third
scale representing log range of the target, an
index on the other of said members adapted. for
registration with the third scale, a first sef of
curves-inscribed on the slide representing change
in log tan average angle of inclination plotted.
against increasing change in velocity of a -re-
fracted echo beam between the observer and
target, and a second set of curves superlmposed
on the first set of curves with common points
of origin and representing changes in log tan.
average angle of inclination plotted against de-
creasing change in velocity of a refracted echo
beam, a cursor, and graduations on the cursor
representing change in velocity and adapted for
registration with said curves, said curves having
their respective points of origin at respective
ones of said graduations and said cursor being
slidable over said body member and said slide
member.

DONALD» L. COLE,
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difference downwardly from the surface of the
water body is accompanied by decrease in log
tan ¢. Curves {9 slope downwardly and to the
right from the points of origin. Curves {3 rep-
resent a negative gradient condition.

A pair of index arrows 2{ and 22 are provided
at the edge of slide 5 adjacent scale 13. Arrows
Z1 and 22 are spaced a distance equal to the
length of scales 9 and (3. Arrows 2{ and 22
are positioned relative to scale 16 to represent
a constant of log 3.

Cursor 6 is inscribed with a hairline 23 pro-
vided with graduations 24 representing increase
in velocity difference from zero value at scale
{6 to maximum value adjacent scale 13.

Curves {8 and {8 are preferably constructed
from data that are mathematically computed by
use of Snell’s law of refrection. If desired, how-
ever, the curves can be constructed directly from

data obtained in actual sound echo operations =

or by use of empirical formulas derived from
such data.

There is provided for curves 18 and 19 a limit-
ing boundary 20 since it is found in operation
that curves exiending beyond the boundary are
impracticable. Curves in the area beyond bound-
ary 20 have a relatively large change in ordinate
for a relatively small change in abscissa and
thus provide inaccurate results in use of the slide
rule. Interpolation of values is made between
the various curves {8 and the various curves
{9 in use of the slide rule.

Instead of curves 18 and 19, which represent
change in log tan ¢ with change in velocity, other
curves may be inscribed upon slide 5. For ex-
ample, the curves can be constructed to repre-
sent change in log cot ¢ with change in velocity.
Or curves can be constructed which, instead of
being based upon change in sound velocity, are
based upon changes in characteristics of the
water body such as change in thermal struc-
ture, surface temperature or salinity. Such
characteristics can be observed directly in actual
sound echo operations. If such alternate curves
are used, scales 9 and I3 are suitably modified
so that the slide rule will be operable for com-
puting the desired quantify.

The slide rule is constructed to solve the kasic
equation stated hereinbefore:

D (feet) 1
Ay =T
R (yaris) 3 o

This equation is logarithmically expressed:
log R(yards) =log D(feet)—log tan —log 3

The construction of the slide rule is such that the
above equation can bhe solved without the use of
curves 18 and (9 for the special condition of con-
stant velocity of sound in the water body at all
observed depths (temperature of the water body).
For example, under this condition and in the case
of a submerged observing submarine and a sur-
face target vessel, this is accomplished for any
particular set of observed data by selecting the
appropriate graduation on scale 8 representing
the observer’s depth, bringing info registration
therewith the appropriate graduation on scale
16 representing the observed inclination angle 6
and reading the range (answer) on scale 13
where indicated by arrow 21 or arrow 22. This
procedure subtracts from log D (on scale 9) the
log tan ¢ (on scale 16) and alse the constant
log 3 (because of the position of arrows 21 and
22 relative to scale 16).

Under more usual conditions of operation illus-
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trated in Pigure 3, a sound beam in passing
upward from A through water layers having
different sound velocity characteristics follows
the dotted line path which is not a straight
line. Under these conditions tan ¢ changes with
velocity change and in computing R by the above
equation it is necessary to modify the value of
log tan 6 in order to compute the correct value
of R. Such correction is introduced in operation
of the slide rule by the use of curves (8 and (8
which represent log tan ¢ plotted as abscissa
points against velocity difference plotted as or-
dinate points. The abscissa or change in log
tan ¢ are components of the curves parallel fo
scale 3 and are thus the components used for
correcting the computed range in scale 13. The
velocity difference is the change in velocity of
a sound beam from the entrance point to the
exit point of any particular layer of the water
body and the angle ¢ is the average angle for such
layer calculated by adding the entrance and exit
angles and dividing by 2. Curves |8 represent
change in log tan ¢ for positive change or increase
in velocity; curves I8 represent change in log
tan ¢ for negative change or decrease in velocity.
As seen from the equation above, an increase
in log tan ¢ (with decrease in velocity) results
in a decrease in actual range compared with
apparent range; conversely a decrease in log
tan ¢ (with inecrease in velocity) results in an
increase in actual range compared with apparent
range.

To illustrate use of the slide rule in solving
for range of a surface target observed from a
submerged submarine the case is considered of
a submarine at a keel depth of 300 feet and
having a hydrophone located 10 feet above the
keel to provide a hydrophone depth of 290 feet.
Observations indicate an increase in the velocity

¢ of sound of 65 feet per second from the water

surface to the indicated depth. Sound echo
ohservations indicate an angle of elevation, 6,
of 12°, Computation of horizontal range is ac-
complished as follows (see the figure):

Cursor & is adjusted until hairline 23 thereof
is in registration with the graduation represent-
ing a depth of 290 feet on scale 9. Slide § is
then adjusted until curve 18 (for positive or
increasing velocity) from the graduation repre-
senfing an origin angle ¢ of 12° on scale 16 inter-
sects the cursor graduation representing velocity
change of 65 feet per second at hairline 23. Ar-
row 22 indicates a range of 558 feet on scale 13
as the answer. This solution is for a single layer
of water. If, however, there are other overlying
layers of water, the process is repeated for each
layer. In such case the new origin angle ¢ is
determined by following a curve 18 from the
above intersection back to scale {6 where an
interpolated value (in the example) of 7° 45’ is
indicated. This procedure is justified since 12°
and 7° 45’ represent the inclination angles made
by the sound beam at the boundaries of the
water layer and their average value is repre-
sented at their point of intersection.

In the stated problem a positive or inecreasing
value of velocity change was involved and curves
{8 were used in solving for range. If a negative
or decreasing value of velocity change is involved
in a problem, curves {9 are used in solving for
range.

It is to be understood that various modifica-
tions and changes may be made in this invention
without departing from the spirit and scope
thereof as set forth in the appended claims.



