Patent videotape

Page numbers of handout addressed in the patent presentation sequences:

Page

A-1/5
A-2/5
A-1/5
A-2/5
A-5/5

B-4/11
B-1/11
B-3/11
B-2/11
B-1/11
B-2/11
B-5/11
B-6/11
B-7/11
B-6/11

C-2/9
not provided
C-9/9
C-2/9
C-2/9
C-3/9
C-6/9
C-7/9
C-6/9
C-7/9

Content

[lustration of shoe with transverse ridge
Iustration of shoe with two grooves
Hlustration of shoe with transverse ridge
[lustration of shoe with two grooves

Claim No. 1 (lower left-hand portion of page)

Mustration of 1989 patent cushion
Mustration of ad for "Lifeseat”
Ilustrations of 1984 application cushion
Mustration of 1807 patent cushion
Hlustration of ad for "Lifeseat"
Hlustration of 1807 patent cushion
IMustrations of 1989 patent cushion
Mustrations of 1989 patent cushions
Hlustrations of 1989 patent cushions
MMustrations of 1989 patent cushions

Hlustrations of 1994 friend-or-foe discriminator
[lustration of angle of incidence and angle of refraction
Concept of frustrated internal reflection

[lustrations of piezoelectric strip

Mustrations of retroreflector

Mustrations of underwater retroreflector

Claim No. 1 (lower right-hand portion of page)

Claims regarding retroreflector

Claim No. 1 (lower right-hand portion of page)

Claims regarding piezoelectric strip




United States Patent 9

(1] Patent Number: 4,662,090
Solano (45] Date of Patent: May 5, 198
-
(54 BICYCLE SHOE 11890 of 1892 United Kingdom ................. 367131
[76] lnventor: MikeL. Solano, 1416 West Point Dr., Primary Exominer--James Kee Chi
Bakersheld, Califl. 93305 Attorney, Agent, or Firm—Julius L. Rubinstein
[21] Appl. No.: 840,218 - [57] ABSTRACT
[22] Filed: Mar. 17, 1986 A bike show is formed with a recess in the sole of the
. ! \43 5/14 shoe. The recess is defined by (ront and rear walls trans-
(51] Tt QL e 36/13;’ 74/59/4 6 verse to an inwardly and upwardly spaced base, with
{2} us. Q. P 367131, 132, 7475046  the recess extending from the opposite sides of the sole
(s8] Field of Searc oY ’ forming a chauncl. The front and rear walls of the re-
{56) References Cited . cess are spaced apart 8 distance generally cqual to the
U.S. PATENT DOCUMENTS width of » bike pedal to provide a stable seat for the
’ a6 X pedal inside the recess. The recess is located so that the
589.;3 z;:gg; IR,:::;i)r‘;‘ach Jassoe  ccmter of the recess is aligned with.the center of the ball
i‘(:g;'n’ 2/1980 Haver ... ’ 36,131 of the foot of the bike rider when the rider is wearing,
£538.480 9/1985 Trind1e weoerrorroosrerersicrriee 74/594.6  the bike shoe, for maximum transfer of power from the
OREIGN PATENT DOCUMENTS bike rider to the pedal of the bike.
F .
0015803 9/1980 Europesn Pat. Off. ... 747394.6
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1
BICYCLE SHOE

This invention relates to a shoe and more particularly
| 1 shoe for riding bicycles used in Moto Cross compe-

ton.,

BACKGROUND AND PRIOR ART

In recent years the sport of Moto Cross competition
ns been gaining increasingly wide acceptance. In this
port. the bicycles are raced along a track full of obsta-
s which require the rider, among other things, to
imp the bicycle over these obstacles. In order to main-
hin control of the bicycle during these jumps and while
e hicycle is travelling over rough terrain, it is essential
B2t the feel of the rider remain in contact with the bike
hedal, otherwise, valuable time may be lost while the
ider is Irying to reposition his feet on the pedal. In
ddition, successful competition requires that power be
ransmitied from the bike rider to the pedal of the bike
v ith maximum efficiency.

Heretolore efforts were made to provide bicycle
bhoes which were designed to hold the shoe in contact
\with the pedal. These efforts are exemplificd by the
patents 1o Haver, U.S. Pat. No. 4,188,737; Polsky, U.S.
at. Mo. 1,952,428; Mclntyre, U.S. Pat. No. 598,325;
Rathbun, U.S. Pat. No. 589,443, and the French Pat. No
2.532.530 to Danielli and the French Pat. No. 2,301,193
1o Soubirac .

These patents solved the problém of maintaining the
bike shoe in contact with'a bike pedal by forming a
recess in the sole of the shoe for engaging at Jeast a part
of the bike pedal, or by installing a device on the sole of
the shoe [or attachment to the pedal. However, none of
the prior art bike shoes were particularly suited for
compelitive Moto Cross competition and many were
uncomfortable to walk on.

Mare importantly, prior art bike shoe designers did
not consider the necessity of designing the bike shoe for
holding the shoe in a stable position in contact with the
pedal while the bicycle is riding over rovgh terrain
"during competition. In addition, the prior art bike shoe
designers did not adequately consider the importance of
designing the shoe to provide for the maximum transfer
of power between the bike shoe and the pedal.

The patent to Haver U.S. Pat. No. 4,188,737 which
superficially resembles Applicant's bike shoe has the
advantage that it is reasonably comfortable to walk on
and does not mar or scratch floor surfaces. Its disadvan-
tage from the standpoint of Moto Cross comptetition is
that it does not hold the bike shoe in a stable position in
contact with the pedal and the location of the shoe with

Tespect to the pedal does not provide for the maximum
transfer of power.

The reason that the bike shoe shown in the Haver

patent does not hold the bike shoe in a stable position
over the pedal is that the walls of the Haver recess slope
inwardly and upwardly. This arrangement permits the
petdal to pivot inside the bike shoe recess. Consequently,
during competition, while racing over rough terrain,
the pedal can easily slip out of the recess so that time is
lost while the rider is trying to reposition his feet on the
redal. This is admitted by Haver in his patent, when he
stated that his structure permits “easy disengagement of
the pedal from the recess.” This is the exact opposite of
what is needed in competitive racing. Moreover, Haver
does not locate his recess in alignment with the ball of

a
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the foot, which is also necessary for the maximim trans-
fer of power.

The bike shoe described herein provides a stable
relationship between the bike shoe and the pedal be-

3 cause the walls of the recess are perpendicular to the

plane of the basc of the recess and are spaced apart a
distance gencrally equal 1o the width of the pedal to
hold the pedal inside the recess. Consrquently, the bike
shoe cannot pivot inside the recess. With the recess in
the shoe sligned with the ball of the foot, the foot does
not exert any toique action on the pedal beeause the
force from the foot is dirceted perpendicnlar to the
surface of the pedal while the pedal is held parslel to
the surface of the ground. This maximizes the tramsfer
of power from the foot of the rider to the pedal of the
bike. The reason is, if the center of the recess is Jocated
too far back from the center of the ball of the foot, the
foot of the bike rider would have (o bz rotated vp-
wardly in order to keep the pedal in the recess and if the
center of the recess is locaterd too far forward of the
center of the ball of the fool, 1he foot would have to be
rotated downward to keep the pedal in the recess. In
cither case, this would decrease power transmitted from
the foot of the bike rider to the pedal of the bike.

What ix needed therefore, and comprices an impor-
tant object of this invention is to provide n bike shoe
with a recess formed in the eole of the shos which is
sized to snngly embrace a bike pedal and which is lo-
.cated so when the rider wears the shoe, the center of the
ball of the foot is aligned with the center of the recess.

This and other objecis of this invention will become
more apparent when better vnderstood in the fight of
the accompanying specification and drawing wherein:

FIG. 1 is an clevational view of the bike shoe con-
structed according to the principles of this invention,
disclosing a bike shoe witlh a pedal recciving recess
formed in the sole of the shoz and showing the refation-
ship between the ball of the foot inside the shoe snd the
pedal receiving recess.

FIG. 2 ix 3 bottom view of the shoe shown in FIG. ¥,
disclosing the recess in the sole of the shoe sired to
reccive a pedal which hias straight paralle] sides.

FI1G. 3 is a bottom vieww of a modified bike shoe
showing a recess in the sole of the shoc shaped to con-
form to a pedal having curved sides, so that the corved
sides of the pedal when in the recess wilt be coextensive
with and gripped by the walls of the recens.

FIG. 4 discloses an clevational view of a modified
bike shoe provided with a reinforcing shicld mounted in
the sole of the shoe above the base of the recess, both
for controlling the resilence of the shoe and for protect-
ing the foot of the bike rider.

Referring now to FIG. 1 of the drawing, a bike shoe
indicated generally by the reference numers! 10 in-
cludes an wpper portion 12 and a lower portion 14 pref-
erably formed from an elacstomeric material. The bot-
tom of the sole of the shoe 15 is provided with 2 recess
16 extending from the opposite sides of the sole and
defining a channel which in this embodiment i trans-
verse to the sides of the shoe. This recess is defined by
generally planar front and rear walls 18 and 20 which
are transverse to a base 22. Base 22 is generally parallel
to and in upwardly spaced relationship to the bottom of
the sole. The front and rcar walls 18 and 20 are spaced
apart a3 distance corresponding to the width of the
pedal, shown in phantom lines in FIG. 1 to provide »
stable seat for the pedsl inside the recess. With this
arrangement, the opposite sides of the pedal will be in
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frictional engagement with the sides of the elastomeric
walls 18 and 20 of the recess causing them to grip the
sides of the pedal. Moreover, since the base of the recess
is formed from an elastomeric material, the serrations
on the edges of pedals used in Moto Cross competition
become embedded in this clastomeric material. This
further limits side to side movement of the pedal in the
recess. These embedded serrations also prevent or mini-
mize front and rear movement of the pedal inside the
recess. With this arrangement, the pedal which will not
pivot inside the recess so that the pedal will be snugly
gripped in the recess and will be held in a stable position
during competition.

Each shoc size bas an inner sole portion 24 which
receives the ball of the foot of the wearer. This deter-
mines the position of the recess 36 which mnst be lo-
cated so that the center 26 of the ball of the foot is
aligned with the center of the recess (see FIG. 1). With
this arrangems=nt, force cxerted by the foot of the bike
rider is directed perpendicular to the pedal. Conse-
quently, maximmum transfer of power from the bike rider
to the pedal of the bike is achieved.

Pedals currently in use on bikes used in Moto Cross
competition have two shapes. One pedal shape has
straight parallel sides as shown in phantom lines in FIG.
2. The other pedal shape has curved sides, see FIG. 3.
The recess 16 is designed so the sides of the pedal will
be coextensive with and will frictionally engage the
walls of the recess to help retain the pedal in the recess
during competition. This explains why the recess shown
in FIG. 3 has curved sides 27 and 28 while the recess
shown in FIG. 1 has straight sides.

As shown in FIG. 1, during competition, the front
and rear of the shoe tends to bend or curve around the
pedal. This helps achieve n better transfer of power
from the foot of the rider to the pedal. In order to opti-
mize this bending, a support 30 as shown in FIG. 4,
formed from some suitably resilient material, and in the
form of a plate, is embedded in the lower portion 14
parallel to and in upwardly spaced relation to the base
22 of the recess. The materisls of the plate is selected to
control the resilence of the thoe and the bending of the
shoe around the pedal during competition. In addition,
the plate has the added function of protecting the sole of
the feet in the event the Jower portion of the shoe fails
during competition. Without this protective plate, and
in the event of a failure of the lower portion 14 during
intensive competition, the serrations on the edge of the
pedal could come in contact with and lacerate the soles
of the feet of the rider.

Having described the invention that I claim as new is:

1. A bike shoe for Moto Cross competition compris-
_ing an upper portion sized to receive a foot and an
attached lower portion, said lower portion having a
channel-like pedal embracing recess extending from the
sides of the shoe, said recess defined by front and rear
walls and a transyersq inwardly and upwardly spaced
base portion, sald walls spaced apart a distance gener-
ally equal to the width of the pedsl to provide a stable
seat for the pedal in the recess and so when a pedal is in
the recess, the walls of the recess grip the pedal and

releasably keep the pedal in the recess, said recess dur-,

aligned with the center of the inner surface of the por-
tion of the shoe which receives the ball of the foot,
whereby the cehter of the ball of a foot of the bike rider
is aligned with Lhe center of the recess.

2. The hiva ahbhya deszribed In elaim § wherein at fennt
th= walls of the recess in said Jower portion are formed
from an elastomeljc material whereby the engagement
between the said walls and the sides of the pedal cause
the walls to grip the sides of the pedal to prevent side to

rOJ”prJl
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i so that the pedal is releasably held in said recess duiing
-"hard pedaling, said recess positioned in said lower por3

|

4 ;
side movement of the pedal in the recess to releasal)
retain the pedal in the recess in the bike shoe duin,
hard pedaling yet permitting the shoe 10 be pulled g
the pedal if the bicycle falls during competition. '
A. The bike shoe described in claim 2 wherein al leay
the base of the recess is formed from an clasiomery
material so when the pedal is in said recess, serration
on the edge of the pedal become embedded in said cla
tomeric material, thereby preventing side 10 =
front and back movement of the pedal inside said 1 :
whereby the pedal is releasably retained in the recess
the bike shoe during hard pedaling. I
4. The bike shoe described in claim 1 including com
bined means for controlling the resilence of the bile
shoe and for protecting the base of the foot of the hikd
rider from injury by the pedal in the event the lown
portion of the bike shoe fails during compelition. {
5. The bike shoe described in claim 4 wherein snid
combined means comprises a resilient plate embedded
in the lower portion of the shoe in wpwardly spared
relationship to the base of the recess and parrlid
thereto. |
6. The bike shoe described in claim 3 whercin 1le
front and rear walls of the recess are stiaight and prial.
let to each other to accommodate pednls having paraliel
straight sides.
7. The bike shoe described in claim 3 whercin the
front and rear walls of the recess are curved 1o accom
modate pedals whose front and rear sides are similarly
curved whereby the engagement belween the curved
front and rear walls of the recess and the curved [ron
and rear sides of the pedals retain the pedal in the recess
8. A bike shoe of the class described comprising an
upper portion sized to receive a foot and an sltached
lower portion, said lower portion formed with n podal
embracing recess extending from the sides of the shor,
said recess defined by front and rear walls and a trans
verse inwardly and upwardly spaced base portion, said
walls spaced apart a distance generally equal to theé
width of the pedal to provide a stable seat for the prdal
in the recess and so the walis of the recess can grip the
pedal and help keep the pedal in the recess, at lzast the
base of the recess formed from an elastomeric material
so metal serrations on the pedal of the bike can bite intor
the elastomeric material thereby preventing side ta side
and front and back movement of the pedal in the recess

tion so the center of the recess is aligned with the pord
tion of the inner surface of the shoe which receives the
ball of the foot in such a way that the center of the
recess is aligned with the center of the ball of the foot of
the bike rider for maximum transfer of power from the,
bike rider to the pedal of the bike. }

9. The bike shoe described in claim 8 wherein the
walls of the recess are formed from an elastomeric ma-
terial to help grip the sides of the pedal to further limit
side to side movement of the pedal in said recess to
thereby help retain the pedal in the recess during com-
petition, yet permitting tha ahne e be pulied off the
pedal in the event the bicycle falls during compelition.

10. The bike shoe described in claim 9 including a
resilient plate emhedded In the lower portion of the
shoe in upwardly spaced relationship to the base of the
recess and parallel thereto for protecting the bottom of
the foot of the bike rider from injury from the pedal in
the auant tha lawer portion of tha hibs ehnn faile durlong
competition, the tcshcncc of sald plate selected to con-

trol the bending of said shoe around the pedal during
competition.
» *»
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United States Patent

(1] Patent Number: 4,822,309
Vandenberg (451 Date of Patent: Apr. 18, 1989
54] COMBINED LIFE PRESERVER CUSHION 4242767 171981 McMullenetal. ... .. 5/465
AND TOTE BAG 4,459,714 171984 Lin oo 5/465
76} Inventor: John A. Vandenberg, 3186 Petaluma Frimary Examiner—Joscph F, Peters, Jr.
Ave, Long Beach, Calif. 90808 Assistant Examiner—Edwin L. Swinehart
21] Appl. No: 59,324 Attorney, Agent, or Firm—-Julius Rubinstein
ppl. x y
22]  Filed: Jun. 8, 1987 (57] ABSTRACT
The invention comprises generally square buoyant
Related U.S. Application Data cushions. A separate fabric skirt is atinched to each side
63]  Continuation-in-part of Ser. No. 832,037, Feb. 21. 1936 of each cushion. Each skirt has fastening means so the
; abandoned. ’ ooy ' skirts on one cushion can be fastened to the skicls on
) . another cushiion. 1f the cushions are stacked one on top
2;{ {?QS ('21 44‘/3;\4454?/91/2050 of another, and the skirts of the stacked cushions are
: T T T n s st ; oy connected together, the skirts are sufficiently long so
58] Field of Search ... 4“/3%92{)38%55/:2665 the buoyan.! compartment formed by‘!hc facing surf?ces
! 4417127, 129, 130: 247591 S/'462 465' 466: of the cushions and the connected skirts of the cushions
150/5'5, 106 29,7/456, 2'50’ Zlé, 2”" 183 Will have sufficient volume for storing emergency
’ supplies. In another configuration the skirts on the cush-
(56} References Clted

US. PATENT DOCUMENTS

65,901 6/1867 Goldingetal. ... 441735
410,304 9/1889 \Walterset al. ... ... 24/391
3,763,972 10/1973 Karzmac et al. ..o 5/465
4,190,918 3/1980 Harvelletal ... 5/465

ions can be connected together in side by side relation-
ship to form a chain of buoynnt cushions or a rall which

can support A number of peaple o they will not drift
apart in the water.

11 Claims, 3 Drawing Sheets
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1

COMBINED LIFE PRESERVER CUSHION AND
TOTE BAG

This is a continuation in part of patent application
Ser. No. 832,037 filed Feb. 21, 1986 now abandoned.

This invention relates generally to buoyant life pre-
server cushions which can be connected together to
form a chain of cushions or a buoyant compartment for
storing emergency supplies, or which can be connected
together to lorm a tote bag which can carry blankets
and food and beverages and which can be reconnected
in such a way that one cushion serves as a seat cushion
and the other cushion serves as a cushioned back rest.

PRIOR ART AND BACKGROUND OF
INVENTION

Life preserver cushions have long been used in boats.
Some= as exemplified by the patent to Golding U.S. Pat.
No. 65901 and Wood U.S. Pat. No. 264814 are designed
to be connected together and can form a raft sufficient
in size to support a number of pcrsons and to carry
emergency provisions.

Typically the life preserver cushions have a buoyant
polycthelene foam core positioned inside a surrounding
cover ol water impervious materinl. When not used in
an emergency situation they serve as cushions on the
boat. The advantage of this use is that they are kept
above deck so that in an emergency they can, as exem-
plified by the patents cited above, be connected to-
gether and thrown in the water where they can support
a number of persons.

The advantage of using floatation cushions that can
be connected together is that in an emergency situation
the people in the water clinging to the connected cush-
ions will stay together where they can help each other,
and they will be more visible. Consequently, they can
be more easily found be searchers, than a single person
holding on to a single seat cushion.

However emergencies can happen very fast, and
when a boat has to be abandoned there may be no time
to gather emergency supplies.

There may be only enough time to abandon ship and
cling to the cushions. Once in the water the persons
clinging to the cushions may be able to connect the
cushions together.

SUMMARY OF INVENTION

The present invention is a rectangular seat cushion
designed to be used as a life presecver. The seat cushion
is formed from a polyethelene foam pad encased in a
water impervious fabric cover. In addition, the cushion
is provided with a fabric border or skirt extending out-
wardly from all four sides of the pad. In this particular
embodiment, male fasteners ace located on two adjacent
skirts of the pad, and female fasteners are located on the
remaining adjacent skirts of the pad. The male and
female fasteners are designed to be releasably inter-
locked with each other. In this way an unlimited num-
ber of scat cushions can be connected together to form
a life raft or a chain of cushions.

In an alternate arrangement, two cushions can be
stacked one on top of the other in such a way that the
skitts of one cushion can be interlocked with the skirts
of the other cushion to form a storage compartment
defined by the facing surfaces of the cushions and the
connected skirts of the cushions which form the walls of
the compartment. This compartment would be filled

2
with emergency supplies. prior to need. In this way if an
emergency occured, the connected stacked cushions
when thrown in the water would contain emergency
supplies such as flares, a radio transmitter, and some
5 food and water where it would serve as a flotation
device and a floating container for emergency supplics.

In another vse, cushions, which need not be buoyant,
can be connected together to form a tote bag filled with
a blanket and food and beverages. In this vse, the tote

10 bag would be carried, for example, to n football game,
and the cushions separated in such a way that one cush-
ion serves as seat cushion, and the other cushion serves
as a cushioned back rest. Alternatively the cushions can
be completely seperated g0 both serve as seat cushions

15 while the blanket and supplies carried in the compart-
ment are available for us.

The above described objects of this invention along
with other objects will become more apparent when
better understood in the light of the accompanying

20 specification and drawings wherein:

FIG. 1is a perspective view of a single scat cushion
constructed according to the principles of this inven-
tion.

FIG. 2 is a top plan view of the cushion shown in
23 FIG. 1.

F1G. 3 is a top plan view of two cushions connected
together.

FIG. 4 is a side clevational view of the cushions
shown in FIG. 3. '

FIG. 5 is a perspective view of two cushions con-
nected together to form s compartment for emergency
supplies with two skirts left unconnected and serving as
the opening to the container.

FIG. 6is a perspective view of the cushions shown in
35 FIG. 5 but with the skirts forming the opening to the

container connected together closing off the compart-
ment and securing the emergency supplies in the com-
partment.

FIQG. 7is a perspective view disclosing another use ol

40 the cushions whercin they are connected together to
form a tote bng.

FIG. 7a is a perspective view of the cushions shown
In FIG. 7 wherein the tote bag has been disconnected in
such a way ss to form a cushioned sent and back rest.

FI1G. 8 is an enlarged sectional detail taken on the line
88 of FIG. 3.

FIG. 9 is an enlarged top plan view of the male and
female fasteners connected together in a locked condi-
tion.

F1G. 10 is an enlarged top plan view of the male and
female fasteners shown in FIG. 9 in an unlocked condi-
tion.

FI1G. 11 discloses another use of the cushions wherein
a plurality of cushions are connected together to form
53 an emergency stretcher or litter for carrying disabled

persons.

Referring now to FIG. 1 of the drawing, a single
floatation cushion indicated generally by the reference
numeral 10a, comprises a generally planar ‘surface 124,

60 side surfaces 14a, 16a, 184, 200, and a generally planar
bottom surface 30a. see FIG. 1and 4. Asseenin FIG. 2,
the cushion is generally square in shape and is con-
structed from a buoyant pad of polyethelene foam en-
cased in a canvas cover. In the embodiment shown, the

65 cushion is approximately filteen inches on a side and
three inches in thickness.

As shown in FIG. 2 four generally rectangular, fabric
skirts 22a, 24a, 26a, and 28a, formed [rom a canvas like

30
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material extend out from each side of the cushion about
two inches and in the same plane as the bottom surface
30g, see FIG. 4. As scen in FIG. 3, the length of the
skirts connected to the edge of the bottom surface of the
cushion are no longer than the length of the connected
edge of the bottom surface of the cushion, and in this
embodiment are substantially shorter. This permits the
skirts to be bent individually without afTecting the other
skirts.

"The skirts 26a and 28a at adjacent sides or corners of
the cushion are provided, in this particular embodiment,
with male fastening members 32, while skirts 22a and
24a at the opposite sides or corners of the cushion are
provided with female fastening members 34, In this
particular embodiment, each skirt is provided with
three fastening members, either male or female al-
though, under some circumstances a different number
may be provided. In addition canvas straps 52 are at-
tached to the bottom surface 30a extending, in this em-
bodiment, from opposite sides of the cushion to provide
hand holds or arm holds for a person in the water, sce
FIG. 2.

Each male fastening member 32 comprises an up-
standing pedestal 36 which rises from a base 38. The
base 38 is securely attached to a skirt by means of a pair
of rivet connections 40. Each male fastener 32 has an
elongated flat, narrow twistable head 42 which is rotat-
ably mounted relative to the pedestal 36 by means of an
integral vertical connecting post 44 which is rotatably
mounted in the upper surface of the pedestal 36. sce
FIGS. 9 and 10. The twistable head seats in either of
two perpendicular pairs of grooves or detent depres-
sions 46 and 48 formed in the upper surface of the pedes-
tal. With this arrangement the twistable head will tend
to remain in one or the the other of the orthogonal
positions. Moreover, this arrangement permits the head
42 1o be twisted to the correct position in the dark,
because when the head is rotated the person making the
connection can feel when the head is aligned properly
with the groove. ’

Each female fastening member 34 is a reinforced
grommet or eyelet having an elongated opening 50
extending therethrough and having a length sufficient
to accomodate insertion of the head 42 of the male
fastening members 32 when the head 42 is aligned
lengthwise with the opening 50 as illustrated in F1G. 10.
When the head 42 is twisted perpendicular to the align-
ment with the opening 50, as depicted in FIG. 9, it is
releasably locked to the female fastening member 34. In
this position, the head 42 resides in registration with the
detent depression 465 In the upper surface of the grom-
met 34.

The cushions are normally used as seat cushions in a
boat. In the event the boat capsizes or sinks the cushions
will bob to the surface and a person In the water can
bring two of the cushions together and sequentially
align each male fastening member on one skirt to a
female fastening member on a skirt on another cusihon
and then insert the head 42 of the male fastening mem-
ber on one cushion into the opening 50 in the female
member on another cushion. Then the head 42 would be
twisted so it is at right angles to the opening. In this
way, any number of cushions can be connected together
to form a life ralt or a chain of cushions, as illustrated in
FIG. 11. By way of illustration, two cushions 10a and
104 are connected together see FIGS. 3 and 4 with the
heads 42 on skirt 265 attached to cushion 104 inserted in
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the openings 50 in skirt 24a attached to cushion 10a to
hold the cushions together.

As stated above, emergencies can happen very fast, ns
when a boat suddenly capsizes or sinks and there may
be no time to gather emergency supplics. In anticipation
of such an event, two cushions can be connected to-
gether, one on top of the other, to form a compartment
for the storage of emergency supplies as shown in FIG.
5 and 6. In this configuration, the cushions are stacked
<0 surface 30¢ on cushion 10a and surface 305 on cush-
ion 106 face each othcr. The male fastening members on
skirt 28b attached to cushion 106 are connected to the
female fastening members on skirt 22a attached to cush-
ion 10a. The male fastening members 265 attached to
cushion 306 are connected to the female fastening mem-
bers on skirt 24a attached to cushion 100. The male
fastening members on skirt 264 attached to cushion 10a
arc connected to the female fastening members on skirt
245 attached to cushion 108, leaving skiris 22b attached
to cushion 106 and skirts 28a attached to cushion 10a
unconnected to serve as the opening for the insertion or
the emergency supplics indicaled in dotted lines in FIG.
5.

When all the ecmergency supplies have been stored,
the male fastening members on skirt 284 attached to
cushion 10a are connected to the female lastening mem-
bers on skirt 225 attached to cushion 104 to hold the
emergency supplies in the compartment defined by the
facing surfaces 30a and 30b, and the walls of the com-
partment defined by the connected skirts as shown in
FIG. 5 and 6. It is understood that the size of the con-
tainers holding the emergency supplies is larger than the
openings at the corners of the compartment so that
supplics stored in the compartment cannot fall out.

In this particular embodiment the cushions are about
fifteen inches on each side and the skirts are about two
inches long. Consequently the compartment formed by
connecting the cushions as shown in FIGS. § and 6
would have a volume of about 450 cubic inches which
is large enough to store flares, an emergency radio, a
flashlight, and some high energy food. If required the
size of the compartment could be varied by changing
the size of the cushions ot the length of the skirts.

When the cushions are stacked as shown in FIGS. 6
with the emergency supplies in the compartment de-
scribed above, the cushions could still be used to sit on.
But in an emergency as when the boat capsizes, the
stacked cushions with the emergency supplies stored in
the compartment would bob to the surface of the water
where they could be used by persons in the water.

A land use of the cushions described above is contem-
plated. In this use two cushions are connected to form a
combined tote bag and seat and back cushion as shown
in FIGS. 7 and 7a. In this use, the cushions are con-
nected together on three sides with the strap members
fastened and assembled as shown in F1Q. 7 positioned
to be used as hand grips for the tote bag. A blanket and
food and beverages may be carried in the compartment
of the tote bag. If the tote bag formed this way were
taken, for example, to a football game, the cushions
would be separated to form a cushioned seat and cush-
loned back rest or two seperate cushioned seats and the
blanket and other supplies, such as food and beverages
would be conveniently available.

In addition, although the drawings disclose a pair of
identical rectangular cushions, it is contemplated that
the cushions could have shapes which are not rectangu-
lar and with pairs of cushions which are not identical.
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For example, the cushions could be circular h:\\fing
pcn‘p}.]cral skirts which extend out beyond the periph-
ery of the cushion far enough so they can be connected
to the peripheral skirts on another cushion. Moreover
although the skirts are described as formed from a fab-
ric, other materials which are not fabric or flexible, are
contemplated. For example the skirts could be formed
from a rigid plastic connected to the periphery of the
cushion by a narrow strip of fabric or by stitching or by
glue.

It is also noted that the invention could be practiced
using only one cushion. Referring to FIG. 5 it is evident
that if cushion 10a were decreased in thickness until it
was a thin sheet of fabric or a plastic like material, with
the skirts 22a. 240, 26a, and 28aq, attached to it, the sheet
10a would become the cover of the compartment. In
this way either an aquatic safety device or a tote bag
having a storage compartment could be formed using
one cushion and a cover.

Having described the invention what I claim as new
is:

1. A combined aquatic safety device and tote bag
comprising a pair of rectangular buoyant cushions
stacked one on top of the other, each cushion compris-
ing a top surface and a generally rectangular planar
bottom surface, said top and bottom surfaces on ench
cushion connected together by four side surfaces, the
bottom planar surfaces on the stacked cushions facing
each other, four separate rectangular skirts on each
cushion extending out beyond each of the four edges of
the said bottom surface of the cushion, the length of the
part of the skirt connected to each edge of the bottom
surface ol a cushion selected 30 each skirt can be bent
transverse with respect to the bottom sucface of the
cushion without affecting the other skirts, means on
each skirt on one stacked cushion adapted to be con-
nected to another skirt on the other cushion, the width
of each skirt sufficiently long so that if the cushions are
stacked one on top of the other and the skirts are bent
transverse to the bottom surface of the cushion so the
skirts extend toward each other, and overlap each other
enough to be attached together by said connecting
means to form a supply compartment between the fac.
ing bottom surfaces of cushions with walls of the supply
compartment defined by the overlapping connected
skirts on the stacked cushions.

2. The aquatic safety device described in claim 1
wherein the top and bottom surfaces of each cushion
are generally planar.

3. The aquatic safety device described in claim 1
wherein the connecting means include male fastening
members secured to two of the skirts attached to each
cushion and female fastening members are secured to
the remaining two skirts on each cushion whereby the
s%irts on one enshion can ba attachad to the skirts on
anothzr cushion..

4. The aquatic safety device described in claim 3
wherein male fastening members are secured to adja-
cent skirts on one corner of the cushion and female
fastening members are secured 1o the adjacent skirts at
the opposite corner of the cushion, whereby the male
fastening members secured to the skirts of one cushion
may be attached to the skirts of another cushion so that
any number of cushions can be connected together to
form a raft,

5. The combindd aquatic safety device described in
claim 4 wherein said male fastenin

g members comprise
rotatably mounted heads, said rot

atably mounted heads
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located at spaced intervals with respect to each other on
two of the skirts of each cushion, a plurality of female
fastening members on the remaining two skirts of each
cushion, said female fastening members comprising
head recciving openings extending through the <kirt,
the rotatably mounted heads on the skirts ol one cush-
ion adapted to penctrate the head receiving openings on
the skirts of another cushion, the width of the rotatably
mounted heads farger than the width of the head receiv-
ing openings so when a rotatably mounted head extends
through a head receiving opening and is rotated trans.
verse to snid head receiving opening, the male and fe-
male fasteneing members are locked together to form a
raft or a pair of stacked cushions with a compartment
formed between them.

6. The aquatic safety device described in claim 5

including means associated with said male and female
fastening members for fecling when the rotatably
mounted head is transverse to the said head receiving
openings whereby the rotatably mounted heads can be
rotated transverse to the head receiving openings in the
dack to lock the male and female fastening members
together.
" 7. The aquatic safety device described in claim 6
wherein said means for locking and vnlocking said male
and femnle fastening members in the dark comprise
transverse grooves nssociated with ench rotatnbly
mounted head, one groove aligned with a head receiv-
ing opening and one groove transverse 1o said head
receiving opening, whereby when the rolatably
mounted head in a head receiving opening is rotated so
it is transverse to a hend receiving opening and is in the
groove transverse to said head receiving opening, the
rotation of said head until said head cngages the groove
transverse to the length of the head receiving opening
can be felt in the dark, whereby the male and female
fastening members can be locked and unlocked in the
dark.

8. The aquatic safety device described in claim 7
wherein cach of said male fastening members comprises
8 pedestal, said pedestal having a top surface, said trans-
verse grooves formed in the top surface of said pedestal,
said rotatably mounted head having an integral post
depending therefrom, said post rotatably mounted in
said top surface of said pedestal.

9. An aquatic safety device comprising a plurality of
rectangular buoyant cushions, each cushion comprising
a rectangular top surface and a generally planar rectan-
gular bottom surface, said top and bottom surfaces on
each cushion connected together by four side surfaces,
four separate rectangular skirts on each cushion, each
rectangular skirt connected to an edge of the bottom
surface of the cushion and substantially in the plane of
the bottom surface of the cushion and extending out
bayond the sdge of waid battom surface of the cn<hing,
means on each skirt on one cushinn for ettachmant tn
another skirt on another cushion, the width of ench skirt
long enough so if the cushions are close enovgh to-
gether and the skirts extend toward each other in the
plane of the bottom surface of the cushion, the skirts
overlap each other sufficiently so the skirts can be at-
tached together to hold the cushions in side by side
relationship whereby the cushions form a raRt formed
from any number of cushions, so persons holding on to
the ralt will not drift apart.

10. A combined aquatic safety device and » tote bag
comprising a pair of substantially identical rectangular
buoyant cushions stacked one on top of the other, each
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cushion positioned so the bottom surface of each cush-
ion faces each other, said top and bottom surfaces con-
nected to each other by four side surfaces attached to
the edges of said top and bottom surfaces, separate
rectangular skirts secured to each of the said bottom
surfaces and extending out beyond each of the four
edges of said bottom surface of each cushion, skirt fas-
tening means relensably secured to each of the said
skirts in such a way that the skirts on one cushion can be
connected to the skirts on another cushion to form an
emergency storage compartment defined by the facing
bottom surfaces of cushions and side walls formed by
the connected skirts of the cushions, a skirt of each
cushion beirg initially unconnected together to serve as
the mouth of the compartment so that supplies can be
inserted in the compartment and then the pair of uncon-
nected skirts can be connected together to close the
mouth of the compartment to hold the supplies inside
the compartment.

11. A combined aquatic safety device and tote bag
comprising a pair of rectangular cushions stacked one
on top of the other, said cushions having a top surface
and a bottom surface, and stacked so the bottom surface
of each cushion faces each other, said top and bottom
surfaces connected together by four side sutfaces, four
separale rectangular skirts, each rectangular skirt con-
nected to an edge of the bottom surface of the cushion
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and substantially in the plane of the bottom surface of
the cushion and extending out beyond the edge of tha
bottom suiface of the cushion, the length of the part of
the skirt being connected to the edge of the bottom
sutface of the cushion in such a way that each skirt can
be bent transverse with respect to the bottom surface of
the cushion without afTecting the other skirts, means on
cach skirt for connection to another skirt, the width of
each skirt sufficiently long so that if the cushions are
stacked one on top of the other and the skirts are bent
transverse to the bottom surface of the cushion so the
skirts on one cushion extend toward the skirts on an.
other cushion, the skirts overlap each other enough so
they can be connected together by said connecting,
means to form a supply compartment between the fac-
ing bottom surfaces of cushions with walls of the supply
compartment defined by the said connected skirts,
whereby blankets, food and beverages can be stored in
said compartment, said means for connecting said skirls
together arranged so the skirts can be partially discon-
nected to permit the stacked cushions to be opener
transverse to each other so one cushion can serve as a
cushioned seat and the other cushion can serve as a
cushioned back rest, while the blanket, food and bever-

ages corried in the compartment are available for use.
* . L4 * *
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IDENTIFICATION FRIEND OR FOE
DISCRIMINATOR

This patent application is a continuation in part of 5

U.S. patent application Scr. No. 07/804,011 filed Dec.
9, 1991 now abandoned.

This invention relates to an identification friend or
foe discriminator (hereafter referred to as an IFF de-
vice) and more purticularly to a device which can dis-
enminate between friendly and unfriendly military
units, or between different friendly units.

FEDERALLY SPONSORED RESBEARCH

No part of this patent application was devcloped with
the aid of any federally sponsored research and devel-
wpment,

BACKGROUND AND RELATED ART

For military purposes it is often nccessary 1o be able
to determine whether unknown or unseen objects are
friendly or unfriendly, and for civillan vses it may be
nccessary to be able to identify unknown objects. Be-
cause of this, s great deal of research has been done to
find practical cconomically feasible solutions to these
problems. The requirements of such a device are severe
beeause the identification device must be able to func-
von vver a wide range of temperatures and over a broad
{requency range.

DESCRIPTION OF I'RIOR ART

Heretofore, a3 exemplified by the patent to Meyzo-
oett ct &} U.S. Pat. No. 4,887,310 identification devices
having means for modulating a reflected laser beam
have been developed. But those previously developed
were very expensive and not sensitive enough because
theit aperture was comparatively small and in military
opcrations a target could be missed. In addition, there
weic the patents to Scpp, U.S. Pat. No. 4,731,879 and
Kia, (Japanese) 2-233030 A, and Lego U.S. Pat. No.
4,131,791, These patents utilize liquid erystals to modu-
inte » reflected beam. But liquid erystals are undesirable
because of their temperature limitations and decreased
teflectivity in a reflecting device, and any liquid crystal
placed in front of a retro-reflector as in the Scpp patent
decreases its sensitivity and acceptance angles. In con-
tal, the retro-reflector in applicants device receives an
uvamodulated beam which penetrates the retroreflector
wod reaches an internal reflecting surface and is there
modulated. In additlon and in contrast to the present
wvention, the index of refraction of the reflecting svr-
faces of these paténts cited above plays no part in their
opcration.

This invention utilizes a property of a prefcrably glass
tetrorcflector device which has a much larger aperture
wo that the target is much essier to find. These devices
bave the property that any Jager, electromagnetic, or
wund beam or ray cntering the larger more effective
sp<tiure will be reflected and emerge from the entran-
cesenit parallc] to itself but in the opposite direction
bach 1o its source. As a consequence, these properties
arx, within acceptance angles, independent of the orien-
uton of the retroreflector. Retroreflectors, thercfore,
(g {tequent applications in situations where orienta-
taro s difficult or impossiblc to contyol and where n
wurror or other rellecting device would therefore be
waat{actOry,
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Retroreflectors have acceptance angle limitations,
but the gcometry of the retrorcflector is complicated so
the acceptance angle limitations cannot be simply speci.
ficd. For that reason, it is usually possible 1o choose a
retrorcflcctor orientation such that for all practical
purposes the acceplance angle limitations are noncxls-
tcnt. As a result, it is always possible to guarantee, by
appropriate oricntation of neighboring reflectors in a
retroreflector array consisting of at Icast two retrore-
flcctors, that part of the array will be functional even at
very large angles of incidence. This is in contrast to the
patent to Meyzonett U.S. Pat. No. 4,887,310, Sepp U.S.
Pat. No. 4,731,879, and Kita, Japan, #2-233030. In the
present invention, acceptance angle limitations can be

5 reduced at the cost of several percentage points reduc-

tion in reflective cfficiency by applying coatings such as
aluminum, at rear reflecting surfaces and thereby avoid-
ing total internal reflection failure. Acceplance angle
limitations can also be reduced by using a matcrial with
a proper index of refraction so thal radiation falling on
an internal surface of the retroreflector is reflected back
even over a grazing angle.

However, retroreflectors are not by themselves suffi-
clent for identification purposes because the object of

i thls invention is to be able to distinguish bLetween

friendly and unfriendly units and various kinds of
friendly units. Consequently merely receiving a reflec-
tion from a retroreflector does not provide sufficient
information to determine whether or not the unit the
retroreflector is mounted on is friendly or unfriendly.
For this reason, identification requires a pre-determined
modulation of the returning beam,

Applicant’s device in this embodiment, depends on
tho propertly of a retro-reflector in that it reflects the
incident beam back to the source of the beam by reflect-
ing off all three internal surfaces in the retroreflector.
One of these surfaces will be in total internal reflection
In which all radiation reflects from an interface going
from a high to a low index of refraction. This reflection
can bc reduced (known ss a frustrated total internal
rcflection) by bringing another surface with about the
same Index of refraction as the index of refractjon of the
retroreflector in closc proximity to this interface dcfin-
ing thereby an air gap. This suggests that moving this
surface toward and away from the interface changes the
intensity of the reflected beam in the retroreflector
accordingly.

Applicant in this instance has discovered that by
placing a laycr or strip of some suitable clastomeric
material, such as rubber (index of refraction 1.52, scc
Handbook of Chemistry and Physics, 37th edition,
Hodgman, Weast, Selby, page 1470 Chemical Rubber
Publishing Company) which has about the same index
of refraction as glass (index of refraction 1.52, see Fun-
damentals of Physlcs, third edition, Hallidey, and Re-
snick, page 867), very close to a reflecting surface jn the
retroreflector where the elastomerlc material js backed
by a materlal such as a piczoelectric material which
varies In size in according with the voltage applicd to it
and then applying an alternating voltage having a pre-
determined frequency to the piezoelectric strip, the slze
of the pievoelectric strip will change at the frequency of
the voltage applied to it. This will alter the pressurc
excrted by the piczoelectric strip on the elostomeric
material at the rame frequency, thereby squeerzing the
¢lastomeric materia) and changing the dimensions of the
air gap (index of rcfraction 1, sce the above citation to
the Fundamentals of Physics) between the surface of
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the retroreflector and the elastomeric layer. Thesc
changcs in the dimcnsions of the alr gap, bounded by
the facing surfaces of the retroreflector and the clasto-
meric material, also change the intcnsity of the refected
beam at the same frequency as the allernating voltage so
the intensity of the reflected beam will be a function of
the alr gap dimension. Consequently if the frequency of
the voltage applied to the piezoclectrie strip is known,
the frequency of the intensity variation in the reflected
beam coming from the retrorefiector can be compared
with the frequency in the comparator for identification
purposcs. If the reflected beam does not have the same
frequency as the frequency in the comparator, the vnit
is nol rccognized as fricndly.

Although to thix point an alternating voltage is de-
scribed as applied to a plezoelectric strip which is a
backing for an elastomeric materinl, 8 piezoelectric stoip
Is not esscntial, It is understood that the pressure on a
suitable material can be varied at any proedetermined
frequency by many means including directing pulses of
air or waler or some other fluid against a material to
cause It to change of move in such a way as to alter the
size of the air gap. For example, a solenoid, powered by
an alternating voltage having a predetermined fre-
quency such as shown In FIG. 7 can be used with a
properly shaped armature to cause its armature to press
against an ¢lastomeric material to change the size of the
air gap at the same frequency as the altemating voltage.

The opcration of the concept of frustrated internal
reflection, is exactly analogous to the quantum-
mechanical phenomenon of penctrating or tunneling of
a plane wave through a one dimensional rectangular
barrier. Thix requires the beam to strike and penetrate
the retrorcflector whereby the intensity of the reflected
beam {8 modulated at the Internal surface of the retrore-
flector. It is also to be understood that the modulation
of the intensity of the rcflected beam inside the retrore-
flector can be done by other means besides using a
piezoclectric strip. -

What is needed therefore, and comprises an impor-
tant object of this invention is to arrange an array of
retroreflector devices on a friendly unlt, so that a beam
dirccted agalnst a surface of the unit on which the retro-
reflector devices are mounted causcs the reflected beam
golog back to the IFP device to be modifled in a prede-
termined way for Identification purpotes.

A further object of this invention 15 {o modify a retro-
reflective device 8o that intensity of the reflected beam
will vary at & predetermined frequency in the form of
pulses.

Yet another object of this invention Is to provide a
retroreflective device which has means for changing
the frequency of the intensity of the reflected beam.

Still another object of this invention s to provide a

retroreflective device whereln at least one intermal sur- &

face in tht rctroreflector is in close proximity to a layer
of elastomeric material backed by a piezoelectric strip
and providing mcans for applying alternating voltages
al a predetermined frequency to the pieroclectric strip
to change the intensity of the reflected beam at the same
frequency as the predetermined frequency applied to
the piczoelectric strip to determine whether the re-
flected beam is from a friendly or unfriendly unit.

Yet another object of thix Jnvention is to provide a
retroreflector mounted so a reflecting surface in the
retroreflector is in close proximity to a layer of elasto-
meric material defining an air gap thercbetween along
with means for applying pcriodic pressure pulses at
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predetermined frequency 1o the elastomeric material to
vary the size of the air gap at the same frequency and
thereby modulate the intensity of the reflected beam at
the rame frequency.

These and other objects of this inventlon will become
more apparent when better understood in the light of
the accompanying drawings and detailed deseriptions
of preferred embodiments of the invention, and specifi-
cation:

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS OF THE
INVENTION

In order to facilitate understanding of the present

' invention, refcrence will be made to the appended

drawings of preferrcd specific embodiments of the pres-
ent invention. Such drawings should not be construed
as limiting the invention, which is properly set forth in
the appended claims,

FIG. 1 is a dlagrammatic representation of the full
concept of the invention.

FIG. 2 i3 an end view of the tolid glass tribedral
retroreflector.

FIG. 3 is a side elevational view of the retroreflector
shown in FIQ. 2.

FIG. 4 it a cross-scctional view showing the mount-
ing of the retroreflector in a housing.

FIG. 5 i3 a perspective view of the housing where the
retroreflector is mounted.

FIG. 6 is an enlarged section of a portion of the re-
flecting surface of a retrorcflector, showing the reflect-
ing surfoce backed by a layer of rubber and a piczoclec-
tric strip.

FIG. 7 is a side elevational view of a retroreflector
designed for use under the water and showing a sole-
noid coil and plunger positioned to exert pressure on a
rubber strip positioned close to a retroreflector.

FIG. 8 is a front elevational view of the retrorcflector
mounted in a housing under water.

FIG. 9 is an elevational view of the glass retroreflec-
tor shown in FIGS. 1 and 2 and ditclosing a rubber strip
backed by a piczoelectric strip, scparated from a facing
surface of the glass rctroreflector by an air gap which
hes & much lower index of rcfraction than glass, and
showing an altcrnating voltage source connected to the
plezoelectsic strip.

Referring now to FIG. 1, the preferred embodiment
5 comprises a lascr beam transmitter indicated generally
by the reference numeral 10. This transmitter, some-
thing like 2 flashlight, emits a Jascr beam 12 which is
directed at an unknown targct. Bach retroreflector 14 is
securely mounted in & housing 16 mounted on the tar-
get.

The retroreflectors 14 or 38 arc rigidly in the housing
16 by any suitablc means. Referring to FIG. 4, the rear
portion 66 of the housinp 16 is filled with a suitable
plastic with a recess 68 sized to receive the rcar portlon
of the glass retroreflector 14 whereby the retroreflector
14 is held in position in the housing. Cylindrical retain-
ing rings 70 and 72 are mounted by any rultable means
at ends 66 and 67 of the housing 16 10 hold the retrore-
fiector inside the housing.

The physical characteristics of a ratroreflector is that
it reflects a beam 18 such as o lascr beam, paralle] to
itsclf but in an opposite direction back to the laser beam
transmitter. To do this, the laser beam must penctrate
the front surface 20 of the retroreflector, and be re-
flected from the internal surfaces 27, 22 and 24 in the
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retroreflector before it emerges ns a reflecied bean 18
parallel to the incoming beam 12 and back to ity source,
sce FIGS. 1 and 3.

To identify the targct and determinc whether its
fricndly or not, a rubber strip 26 is placed in close prox-
unity to one of the surfaces, e.g. 22 of the retroreflector,
see F1QG. 4. The strip of rubber 26 it covered Ly a piezo-
electric strip 28, sce FIGS. 4 and 6. An alternnting
voltage source 30 is connected 1o the strip 28, s¢e FIG.
4. A characteristic of piczoclectric material is that when
voltage is applied to it, its dimensions change.

Referring to FIGS. 6 and 9, the facing surface 32 of
the rubber strip 26 is presscd against the facing surface
34 of the retroreflector 34 leaving an air gap 35 between
the facing rurface 34 of the retroreflector and the facing

“wurface 32 of the elastomeric materiul. The air gap 35 it
enormously enlarged in FIG. 9 for purposes of illustra-
uon but in reality it is so small, that the gap could not be
scen with the naked cye.

When an alternating voltage 30 is applied to the pi-
cxoclectric strip 28, the piezoclectric strip 28 presses
sgainst the facing surface 32 of the rubber strip 26,
thereby changing the dimensions of the air gap 35, In
sccordance with the frequency of the altermating volt-
sgc. see F1G. 9. This as shown in FIGS. 1 and 9 chanpes
the intensity of the reflected beam 18 at the same fre-
quency as the frequency of the alternating voltage 30
spplicd to the piezoelectric strip, This change in inten-
uty in reflected beumn 18 lg indicated by the spaced
arrows shown in FIG. 1 and the reflected beam is di-
rected back toward the beam generator 10, see FIG. 1.
The frequency of these pulses or changes in beam inten-
uty provide a means for identifying the target.

A comparator or tuner 80, see FIG. 1, Jike that in U.S.
Pat. No. 4,731,879 by Sepp, see Column 9 lines 15 to 22
w provided. ‘This comparator is something like a tuner
on 8 radio or a television set and can be tuned to a
detired frequency. The comparator is positioned so it is
w the path of the reflected beam 18. If the comparator
w tuncer is adjusted to the pre-determined frequency of
the reflected modulated beam and detects the reflected
modulated beam, it indicates the tarpet Is friendly, 1f
thcy do not match, it =/indicates that the target is
unfnendly.

A characternistic of retroreflectors used in this way, is
that the distribution of the retroreflectors on the target
w not critical. This means that the location of the retro-
teflectors and the direction of the beam does not have 1o
be extremely precise to gel a response.

IFT devicey based on retroreflectors have muny uses,
In addition to Jocating the enemy, they can be used to
locate the distribution of friendly units. This muakes
them helpful for coordinating the movement of friendly
wnlls,

To this point the retroreflector has been used above
ground or above the surface of the water. Since high
frequency sound travels under water, these devices,
wuitably modified could be used underwater, c.g. to
wentify friendly or unfriendly submarines, or for mine
weeeping operations to locate friendly mines that huve
dnfied sway from thelr snoorings. This requires a modi-
fication of the structure of the retroreflector.

For use under water, the retroreflector 38, see FIG.
1. would be formed from a sultable sound reflecting
malerial, such as an ¢lastomeric materiul, see FIGS. 7
and 8. The shape of the elastomeric retrorcflector 38
would be like the gluss retroreflector 14 shown in F10.
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3 and u beam of high frequency sound would be di-
rected against the retroreflector.

As described in connection with the glass retroreflec-
tor, 1o operate, the facing sound reflecting surface 42 of
a rubber strip 40 must be in close proximity to » facing
surface 44 of the clastomeric retroreflector 38 leaving a
waler gap 46 between them. In order for the water gap
46 (index of refraction 1.33, sce Fundamentals of Phys-
ics, cited above) to change its dimension and thereby
modulate the intensity in the beam reflected from the
retroreflecior, means must be provided for pressing the
facing surface 42 of the rubber strip 38 against the fac-
ing surface 44 of the retroreflector 38 at a predeter-
mined frequency. To do this, in this particular embodi-
ment, a solenold 48 is mounted on a bracket 36 in the
housing 16’. The solenoid may be cylindrical and has an
axinlly positioned armature receiving bore 50. A mag-
netic armature or plunger 82 is movably mounted in the
bore 50. Meune are provided for connecting an alternat-
ing voltage to said solenoid. The means may comprise a
conventional alternaling voltage power source (not
shown) connected to the solenoid by electric cables 58
and 60,

As seen in F1G. 7 a metal strp 62 is securcd to the
surface 64 of the rubber strip 40 opposite surface 42. In
this way, when an alternating clectric current flows
through the solenoid, the armature or plunger 52 is
repeatedly forced against the metal strip 62 on the rub-
ber strip 40 at the frequency of the alternating clectric
current. This forces the rubber strip 40 against surface
44 retroreflector changing the size of the water gap 46
at the same frequency as the frequency of the alternat-
ing current in the solenoid. This causes the reflected
modulated sound beam to vary or be pulsed at the same
frequency as the {requency of the current supplied to
the solenoid.

In use the retroreflectors are mounted at various
locations on a target. When the identification device is
used in air, & beam, such as a laser beam, is directed
against the target, The reflected beam is deflected by
the one way vision mirror 78, see F1G. 1 to comparstor
80 whcre the frequency of the pulses in the reflected
beam 18 is compared with the progranuned frequency
in the comparsator 80. If the frequencies coincide, the
targct is identified as friendly. Otherwise the target is
unknown and presumed unfriendly.

Having described the invention, what I ¢faim as new
is:

1. An IFF device comprising a beam gcnerating
means for directing a beam at a targct, at least one retro-
reflecting device adapted to be mounted on a target,
each rctro-reflecting device having intcrnal reflecting
surfaccs shaped so an unmodulated beam striking the
reflecting device penetrates said retro-reflecting device
nnd strikes the internal reflecting surfaces, means associ-
ated with said Internal reflecting surfaces for modulat-
ing said beam inside said retrorcflector by changing its
intensity st the internal surfaces of the retroreflector at
a predetermined frequency whereby the moedulated
beasm is reflected back out of the retro-rcflecting device
in a direction parallel to and back toward the beam
generating menns, a tuner, said tuncr positioned in the
poth of the modulated reflected beam and having means
for adjusting the tuner to the predetermined frequency
of the rcflected beam whereby if the tuner receives the

modulated signal from the reflected beam it jndicates
the target is friendly,
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2. An IFF device comprising & bcam generating
means for dirccting A beam at a target, at least one retro-
reflecting device adapted to be mounted on a target,
each retro-reflecting device having intcrnal reflccting
surfaccs shaped go an unmodulated beam striking the
reflccting device penetratces said retro-reflecting device
and strikes the internal reflecting surfaces, means associ-
atcd with said intemal reflecting surfaces for modulat-
ing said beam inside snid retro-reflecting device by
changing its intensity at a predetermined frequency
whercby the modulated beam is refllected back out of
the retro-reflecting device in a direction parallel to and
back toward the beam generating means, said means
comprising a laycr of elastomeric material positloned
close to one of said internal reflecting surfaces in said
reflceting device and separated therefrom by n gap, a
piczoelectric strip secured to the surface of the elasto-
meric material remote from surface facing the gaid inter-
nal reflecting surface, whercby when alternating vols-
age is applied to said piczoelectrie strip the dimensions
of the elastomeric material and the width of said gap
change in accordance with the frequency of alternating
voltage cauvsing the width of said gap to vary at the
samc frequency, thereby causing changes in the inten-
sity of the rcflected beam to oceur at the same fre-
quency as the frequency of the alternating voltage, a
tuner, sald tuner positioned in the path of the modulated
reflected beam and having means for adjusting the tuner
to the predetermined frequency of the reflected beam
whereby if the tuner receives the modulated signal from
the reflected beam it indicates the target is fricndly.

3. An ITF device compnsing a beam generator for
directing & beam at a target, at Jeast one trihedral retro-
reflector adapted to be mounted on a target, zaid tribe-
dral retro-reflcctor having intcrnal reflecting surfaces
shaped s0 an unmodulated beam striking the tribedral
retro-reflector penetratcs raid trihedral retro-reflector
and strikes said Internal reflecting surfaces, means asso-
ciated with said intcrnal reflecting surfaces for modulat-
ing said beam inside said retroreflector by changing jts
intensity at the internal surfaces of the retroreflector at
a predctermined frequency, whereby the modulated
beam is reflected out of said trihedral retro-reficctor in
& direction back toward the beam gencrator, and a
tuner, said tuner positioned in the path of said reflected
modulated laser beam and having mcans for adjusting
the tuner to the frequency of the reflected modulated
beam, whereby if the tuner receives the signal from the
reflected  intensity modulated beam, the target is
friendly,

4. An IFF discriminator comprising a beam gencrat-
ing means for directing a bepm at a target, at least one
retro-refiecting device adapted to be mounted on the
target, each retro-reflceting device having internal re-
flecting surfaces shaped 5o an unmodulated beam pene-
trating said retro-reflcetor strikes the internal reflecting
surfaces, means caternal to one of said internal reflect-
ing surface for modulating the internal reflected beam
inside the retro-reflector by changing its intensity at the
internal surfuces of the retroreflector at o predcter-
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mined frequency, whereby the modulated beam is re-
flected back out of the retro-reflector {n a direction
parallel to and Lack toward the beam gencrating means,
A tuncr, said tuner positioned In the path of the modu-
lated reflected beam nnd baving means for adjusting the
frequency to the sclccted frequency controlled by the
said external means, whercby if the tuner received the
modulated signal from the reflected beam, it indicates
the target s friendly.

5. An JFF device having a bcam generating device
for directlng a beam at a target, at least one retro-
reflecting device adapted to be mounted on a target,
each retro-reflecting device formed from material hav-
ing an Index of refraction greater than air and having
internal reflecting surfaces arranged so a beam striking
the retro-reflecting devicces penetrates said retro-reflect-
mg device and strikes the Internal reflecting surfaces, a
material having an index of refraction closc 1o the index
of refraction of the retro-reflector positioned ¢lose to an
internal reflecting surface defining an nir gap, means for
moving said material toward and away from the said
internal reflecting surfoce at a predetermined  fre-
quency, causing gald air gap to chanpe in size so that
when the said beam absorbing material moves away
from said internal reflecting surface said material frus-
trates the intensity of the reflected beam as the size of
the air gap increases, whereby the frequency of the
change in the intensity of the reflected beam varies at
the game frequency as the said predetermined fre-
quency, a tuner, said tuner positioncd in the path of
modulated reflected beam, means for tuning xaid tuner
to the frequency of thc modulated reflected beam,
whereby If the tuner receives the modulated signal the
target is friendly.

6. An IFF dcvice comprising a beam generating
means for directing a beam at a target, at least one retro-
reflecting device adapted to be mounted on a target,
cach rectro-reflecting device having internal reflecting
surfaces shaped s0 an unmodulated beam striking the
reflecting device penetrates said retro-reflecting device
and strikes the internal reflecting surfaccs, a layer of
elastomeric material positioned close to one of said
internal reflecting surfaces in said reflceting device and
scparated therefrom by an air gap, means for causing
said clastomeric material to vibrate at a predetermined
frequency whereby the dimensions of the elastomeric
material vary in accordance with the frequency of alter-
nating voltage causing the width ol said air gap to vary
the same way thercby causing changes in the intensity
of the reflected beam 1o occur inside the retro-reflecting
device at the intcrnal surfaces of the retroreflector at
the same frequency as the said pradetermined fre-
quency, a tuner, said tuner positioned in the path of the
modulated reflccted beam and having means for adjust-
ing the tuner to the prcdetermined frequency of the
rcflected beam whercby if the tuner rcccives the modu-
lated signal from thc reflected beam it indicates the
target is friendly.

* . * [ ] *
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The trihedral retroreflector or corner cube reflector has thé
pro] that any ray entering the effective aperture will be
reflected and emerge from the entrance/exit face parallel to
itscll, but with opposite direction of propagation. An incident
beam, filling the effective aperture. is reflected exactly back on
itsell. These properties are, within acceptance angle limits, inde-
pendent of the oricntation of the retroreflector. Retroreflectors
therefore find frequent application in situations where orientation
is difficult or impossible to control and wheré a mirror would
therefnre be unsatisfactory.

T . troreflector, like the right angle prism, depends vpon the
principle of total internal reflection (TIR) for its operation. Like
TIR right-angle prisms, retroreflectors have acceptance angle lim-
itations. Because the geometry of thé retrorellector is complicat-
«d. the acceptance angle limitations cannot be simply specified.

Itis usually possible to choose a retroreflector orientation such
that acceptance angle limitations are, for all practical purposes,
nonexistent. It is always possible to guarantee, by appropriate
oric-**ion of neighboring reflectors in a retroreflector array
{cor.i-ung of at least two retroreflectors), that part of the array
will he functional even at very large angles of incidence. All
acceptance angle limitations can be removed, at the cost of sev-
eral percentage points reduction in reflective efficiency, by
applying reflective coatings to the rear reflecting surfaces and
thereby avoiding TIR failure.

Suecess of the TIR process at the rear surfaces of the
ttioreflector demands that these surfaces be kept scrupulously
clez hen retroreflectors are used as elements of high-power
laser cavities, survival of the retroreflector may depend vpon the
tlzanliness of these surfaces. In applications where a retroreflec-
o1 must be frequently handled or otherwise cannot be kept scru-
Ponsly clean, and where powers are not so high as to assure
toaling destruction, we suggest that the thice rear reflecting sur-
faces be coated with protected aluminum or with internal silver

Mverenated with copper or Inconel and print. This assures reli-
RHC -

“tlectivity of these surfaces and removes acceptance angle
limy

ns. Where this slight reduction in reflective efficiency is
"mcceptable, multilayer reflective coatings can be used. Anti-
"fection coatings are available for the entrance/exit face.

e maintain tight control over angles and surface accuracy in
M acinre, assuring a parallelism between incident and
"Mned heams of two are seconds or better. Roof and other

LT

e lightly beveled to minimize the risk of chipping.

RETROREFLECTORS o

o)

02 CCG

SPECIFICATIONS: SOLID GLASS RETROREFLECTORS

Dimensions: +0.t5mm

Deviation: 180 degrees £ 2 Arc seconds -

Wavefront Distortion: <4A\4 3 632.8nm

Material: BK 7 grade A fine annealed

Coatings: MgF, (/066), HEBBART™ (/078) or V-coatings by
appending Appropriate Coating Suffix

Cosmetic Sutface Quality: 6040 scratch and dig

Solid Glnss Retroveflectors; Uncoated

Diameter

3 h PRODUCT
(mm) (mm) NUMBER
15.0 11.3 02 CCG o
25.0 18.8 02 CCG 0N
38.0 28.5 02 CCG 005
50.0 31.5 02 CCG 007
70.0 52.5 02 CCQ 008

These retroreflectors may be conveniently mounted nsing
the retroreflector holders described in the Component
Holders section of this guide.
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aAy flerevany = A4, = 1. Then 2x = 72, Vquanion (10.200) then %
N gives 312 - )l Fguation (10.20a) +* 1ds :
- A-r—%6£—\1 i
5 n e e tn g = — tan 2y )
// % which means the bghtis LEP, and thin = (0 b)Y = 18.5° Thus
LA . . - . .. o -
— Pl the axial ratio of the cllipse (Fig. 11.96) is
7 tann = tan 18.5 = 0.335
X ; 4. Frustrated Total Internal Reflection. T'he exponential decay
E ~ e ol the fields in the sccond medium can be detected if a

Fie. 11.26 sccond interface is placed at a certain depth zinth
5. . N - .
Often the third medium has the same refr

at medium,

active mdex as the first,

asin the example shown in Fig. 11.27. 1l d is somewhat larger than

N ] R the skin depth 8, we can neglect multiple reflection effects — the
> '\ . first multiple reflected beam will tavel a distance 3d and hence
= will be attenuated by the factor e which we assume is much
> X——b less than e~5,
L™ \nz Justinside the second interface the ransmitted fHeld for, say,
‘L the 7 component will be given by
Fig. 11.27 Ern = Eiqr 7 4D wt=vk; ) (11.115q)

where E;, is the incident electric field just outside the first inter-
face. Thereis a similar cexpression for the o component. Qur
previous results for the 7's hold with the parameter a replaced by
1y. In particular, we have

TuTw = 1 —p, 2= | — %%

The coeflicient for energy transimission

by

acrossthe gapis then given

Tr =272 (1 —cos 24,,) (d > 5) (11.1158)

and, since there are no dissipative, ]()ss—pr()ducing mechanisms,
by the principle of energy conservation, the beam reflected by the
ny =1y~ Usandwich” would be described by areflectivity
R,=1-7,

When dis not greater than a few tmes the skin depth, these
results must be modified to take multiple reflections inte account
or, equivalently, to take the proper boundary conditions into
account. (Sce Eqs. (11.123a, 8) below.)

The phenomenon of frustrated total rellection is exactly analo-
gous to the quantum-mechanical phenomenon of penetrating or
tunnchng of a plane wave through a one-dimensional rectangular
barrier.

5. Attenuated Total Reflection (ATR). An inl(‘x("sling modifica-

tion of the phenomenon of total internal rellection occurs when the
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