222213107 | NON- CONTACT TONOVETER BACKGROUND OF THE | NVENTI ON 5 Field of
the Invention This invention relates to a.non-contact tononeter which bl ows
conpressed fluid to an eye to be exam ned to thereby deformthe cornea of
the eye and detects a predeterm ned deforned state thereof and 10

measures the intraocular tension of the eye to be exam ned. Rel ated
Background Art Heretofore, in a non-co t act tononetenﬂgé 3-E(E?hd
conpressed air has generally been used as 15 conpr I For -
exanpl e; as disclosed in U S. Patent No. 3,585,849 and European Patent Nﬁ&;
164, 730, jthe air in a conpression.chanber is gradually conpressed by a

pi ston driven by a solenoid, and the conpressed air is injected to the
cornea of an eye tC)tﬁbﬁu@@@@@@TZQONthnggh a nozzle and the time until
the cornea becones apptamate—or—theTmtermal pressure of the conpression
chanber when the cornea has becone applanate is neasured, whereafter the
supply of electric power to the nozzle is cut off. Also, in the non-contact
25  tononet SACKGROUND kDIJTHE hENVENSIOENMENt range is set to the order of
100 mmHg at the greatest so that even high intraocul ar tension of great
strengt hdcan Bield of the Invention .

This invention relates to a non-contact

‘

tonometer which blows compressed fluid to an eye to be

examined to thereby deform the cornea of the eye and

detects a predetermined deforméd state thereof and
10 measures the intraocular tension of the eye to be
examined.

Related Background Art

Heretofore, in a non-contact tonometer of this

kind, compressed aif has generally béen used as

15 compressed fluid. For example; as disclosed in U.S.
Paten£ No. 3,585,849 and European Patent No. 164,730,
the air in a compression chamber is gradually compressed
by a piston driven by a solenoid, and the cohpressed
air is injected to the cornea of an eye to be examined

20 through a nozzle and the time until the cornea becomes
applanate or the internal-préésure of the comprgssion
chamber when the cornea has become applanate is
measured, whereafter the supply of electric power to
the nozzle is cut off. - Also, in the non-contact

25 tonometer of this kind, the measurement range is set
to the order of 100 mmHg at the greatest so that even

high intraocular tension of great strength can be



-2- measured. However, in nost of ordinary eyes to be exam ned, the
intraocul ar tension is up to the order-of 30 nmmHg at the highest and

t herefore, an apparatus which injects conpressed fluid under nore than
necessary pressure to the cornea and thereby avoids inparting excessive

di sconfort to the exani nee has al so bee@ proposed in Japanese Lai d-QOpen

Pat ent Application No. 63-300740. 10 ' However, in the
above-descri bed exanple of the prior art, for a certain eye to be exam ned,
changéesover is effected to the neasurenent range for high intraocul ar

t ensi ol and neasasereat is effected, where- after even if another eye is to
be exam ned, the 15 measurenent range for | ow intraocular tension is not
restored as | ong as a pewéven|alnrmoge olfiavgdindey ewebchoi benot depressed
and thus, nmeasurenent is effected in the neasurenent range for high

i ntraocul ar t eezambnédpnthérsntraaduilart hensérn égeupotbetbranrded 280 IS
of intraocular tension in a range neasurable in the neasurenent range for

| ow i ntraocul ad0tmmigoat theehighestwanfl bherafpreedanoapharagusto be

exam ned to thereby inpart disconfort to_the exam nee. Al so, in the

above- descti beWhisBnpnieotst pampressed; §Luad unfigrt peregathapf ngAes§arvo be
exam ned having high intraocul ar tension exceedi ng said range, .
predet er ni ned BEFIFIEE i BR Bhet ferprernaRd shavebype¥Pads imparting

excessive discomfort to the examinee has also been
proposed in Japénese Laid-Open Patent Application No.
63-300740. |

10 ' However, in the above-described example of the
prior art, for a certain eye to be examined, change-
over is effected to the measurement range for high
intraocular tension and measurement is effected, where-
after even if another eye is to be examined, the

15 measurement range for low intraocular tension is not
restored as long as a particular range change-over
switch is not depressed and thus, measurement is
effected in the measurement range for high intraocular.
tension from'first, and ‘if the next eye to be examined

20 is of intraocular tension in a range measurable in
the measurement range for low intraocular tension,
excess air will be supplied to the eye to be examined
to thereby impart discomfort to the examinee.

also, in the above-described example of the

25 prior art, in the case of an eye to be examined having'

high intraocular tension exceeding said range,

predetermined deformation of the cornea is not obtained



N,
23- as a matter of course when such eye is nmeasured in a | ow neasurenent
range and thus, neasurenent becones inpossible. At this tinme, it is very
difficult to 5 di stingui sh whether the cause of the inpossibility of _
measurement is range-over or unsatisfactory alignment caused by novenment or
‘bl'inking of the eye to be exam ned duLi ng neasurenment. 10 SUMVARY OF THE
I NVENTION It is an object of the present invention to provide a non-contact
t ononet er designed not to supply excess fluid to the cornea of an eye™to be
exanm ned and inpart disconfort to the exam nee. 15 It is anwher
obj ect 1 of abeapmaseatr bmiveshirsa Wwhepr sucHeegenis- peataeedt dnogeter which is
in terns of standard provided with a neasurenent range for |ow intraocul ar
t ensi on andlowhmehsutemenn egngef ahdghhiustr meeshaeménbnsbenomes changed over
to a measurenent. 20 range for high intraocular tension. It is still
anot her objimpossiblée present invention to provide a non-contact tononeter
which, in the case of unsatisfactory alignnment, does not m stake an eye of
| ow i ntraocul ar teh%i Shisotimg,eps 25 vesy Aifhirultaseul ar tension and

change_over .t he neasurenent range to a nmeasurenent range for high
i ntraotul afigthugyssh whether the cause of the impossibility of

measurement is range-over or unsatisfactory alignment -
caused by movement or blinking of the eye to be examined

during measurement.. . j

10 SUMMARY OF THE INVENTION

| It is an object of the present invention to
provide a non-contact tonometer_designed not to supply
excess fluid to the cornea of an eye to be examined and
impart discomfort to the examinee.

15 It is another-object of the present invention
to provide a non-contact tonometer which is in terms of
standard provided with a measurement range for low
intraocular tension and which, for an eyé of high-
intrao¢ular tension, is changed over to a measurement

20 range for high intraocular tension.

It is still another object of the present
invention to provide a non-contact tonometer which,
in the case of unsatisfactory alignment, does not
mistake an eye of low intraocular tension for an eye

25 . of high intraocular tension and éhange over the
measurement range to a measurement range for high

intraocular tension.



*

-4- It is yet still another object of the present invention to provide a
non-cont act tononeter which, for the same object, changes the neasurenent
range during the next measurenment in a case where the neasured value 5 S
hi gh beyond the neasurenent range when nmeasurenent i.s.effected in a

measur enent range for |ow intraocul ar tdemsion or in a case where the
neasured value is sufficiently | ow when neasurenent is effected in a

measur enent range for high intraocular tension. 10 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 shows the construction of a first enbodi ment of the
present i dvention. Fi §&rds2pyRE s§idlgeaetber higak ahdhemresat of a
conpressi on chanber. 15 ) Figure 2(B) is a graph of an aIUgnnent

| i ght out put . 1BVEREAOR &P PEOXigeaphNon-§ tQpSHey othach, for
detection |ight output. Ei%Qres 3A and 3B shom1a6ﬁpqufic ex l.e of 20 the
range change- 6V&r SaBEyGPdek s GRANERE s MSARYVSTDY & B M efodi ment
of the present_.invention. Figure . 5.is _a flaw chart. .Figure 6 a

modi 11 cat o TEReWTERE FeasBeBHehss ks of cast ik, tng- ek e B
PREFERREDSENnglMggﬁsbeyond the measurement range when measurement

is effected in a measurement range for low intraocular
tension or in a case where the measured value is

sufficiently low when measurement is effected in a

~ measurement range for high5ihtraocular tension.
10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the construction of a first
embodiment of the present invention.
Figure_z(A) is a.graph of the'internal pressure
of a compression chamber.
15 ' Figure 2(B) is a graph of an alignment light
output.
Figure 2(C) is a graph of a cornea deformation
o detection light output.

Figures 3A and 3B show a specific example of
20 the range change-over.
Figure 4 shows the consﬁruction of a second
embodiment of the present invention.
Figure 5 is a flow chart.
Figure 6 shows a modification in which a display

25  system is added.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



-5- | Referring to Figure 1 which shows a flrst enbodi nment of t hé
present invention, a piston 3 driven by a solenoid 1 through a crank 2 may
be advanced into a conpression chanber 4 to conpress-the air in the 5
conpr essi on chanber 4 and the conpressed air nmay be bl own against the
cornea Ec of an eye E to be exam ned through a nozzle 5. A pressure sensor
6 is provided in the conpression chgnber 4. A concave mrror 7 is provided
forwardly of the nozzle 5, and this concave 10 mrror 7 is a concave =
dichroic mrror reflecting visible light and transmtting near-infrarsg.

| i ght therethrough and is designed to formthe inmage of the front eye part
of thel eye E to beRekarriBd bA Fheurandu¥héeht fRo¥GeaEfigshe exani ned.
Transn1tt|%g w_ndows 8 and 9 made of ., 15 a transparent Eaterlal are

provi ded i 9066W?P5n°goFP@sBBﬁﬁFﬂ§ %BVFﬂ518Bt|Ea 155PR £ ALaV&Ard of the

nozzl e 5, i ch t gn th centra* orti of %he transg1tt|n

w ndow 8. d?cﬁ?i?8°h$ ioF {8“9 afishf £t g WFg eaF aﬂFthéP Phrough and
f.l ect 2 f h 1 hot 13

are 2302223.%?@?%?%5%% fBercione; SEMBESRR tABCREE (B eR e anom e ng

W ndovy éb+§?§s§foﬁnghgﬂbg gasﬁa Lh@héoﬁggégge&5a£g5m9&'BQ"E“t such as

an |nfrare t emttin e are di spos optic axis of the
reflectlonbﬁbds aniﬂstdtﬁérebfnahrﬁeroéoanAeyégﬁttéosécsxaﬁlﬁad a lens 17°

are provided in a“direction oblique with respect to the

through a nozzle 5. A pressure sensor 6 is provided in
the compression chamber 4. A concave mirror 7 is g‘)
provided forwardly of the nozzle 5, and this concave

19 mirro¥-7 is a concave dichroic mirror reflecting visible
light and transmitting near-infrared light.therethrough
and;is designed to form the image of the front eye part
of the eye E to be examined on the fundus of the eye E
to be examined. Transmitting windows 8 and 9 made of

15 a transparent material are proGidedlin a portion |
corresponding to the optical path L rearﬁard of the
nozzle 5; which is mounted on the central portion of
.the transmitting window 8. A dichroic mirror 10
transmitting visible light therethrough and reflecting

20 near—-infrared light, lenses 11 and 12 and a photosensor
13 are successivély arrahged on the optical path L
behind the transmitting'window 9. A lens 14 and
an infrared light source 15 fbr alignment such as an
infrared light emitting diode are disposed on the

25 6ptic axis of the reflection side of the dichrbic

mirror 10. A light source 16 and a lens 17 are

provided in a direction oblique with respect to the



1 eye E to be exam ned, and the reflected Iight of the Iight beam from
the light source 16 on the front eye-part of the eye E to be exam ned may

be detected by a lens 18 and a photosensor 19. Further, the output of the
phot osensor 13 is connected to an A/D converter 21 .through an anplifier 20,
and the output of the A/'D converter 2T i&s Tonnected to an interface 22.

Al so, the output of the pressure sensor 6 i's connected to the interface 22

t hrough an anplifier 23 and an A/D 10 converter 24, and the output of the
phot gsensor; 19 is connected to the interface 22 thro%gh_an anplifier 25 and -

an A'B convert ¥Y2& thhdoRARINGd 1 fg ihs Redd esreds Idghtelfe o t he
solenoid 1 and @a displ ay device 27, a a signal given and taken
bet ween the 15 lquhtt g’rq‘%'beferﬂ“ altf l\}lj@r]t Sé’r“d%reoc]eégaé%‘r q&‘ﬁ £IP5g ¥ Phe | ght
"beamenmtted from,the infrared light sa [ u ar the exit
of the nozzle ?%Ihtr c‘ﬁ?gﬁc e ee_r#s 4b§n<fq{afgﬁen]e2il ('Erﬁal){)l(?)% %%S:regrt% i)y a

transmtting vi]t%'el;rg ?hdeiﬁqll%k# rl%{oq;cjy alryj_ r%fdr%te' '?st:%rgePIqu)%:- |or}f rared

| ight. Ther eaf eam di verges again an eCted by the

cornea EC Gf t gLyt dee o NN iNE bonliRied USRS dnf APPS SohvkRirEdR it he

concave dichroic mrror 7 reflecting visible light and trans- mtting
near-infrared |d{dudrLldMPAUFI AND 0 hadD thd ltpit WfM@nw Agews 8 and 9

and is focused on. t he photosensor 13 by the lenses 11 and 12. The out put
of the phot osensvekddrs i did JdmrEtdd aeghard iatdddace 22. Also,
the out?ut of the preséure sensor q is connected to the
&~) interface 22 through an amplifier 23 and an A/D
10 convéfter 24, and the output of the photosensor 19 is
.connected to the interface 22 through an amplifier 25
and én A/D cohverter 26. The output of the interface
22 ié cﬁnﬂécted to tﬁe solenoid 1 and a display device
27, and a signal may be givén and taken between the
15 interfacé 22 and MPU (microprocessor unit ) 28.
The light beam emitted from the infrared light
source 15 is focused near the exit of the nozzle 5
Ky) thfough éhe léns 14 and the dichroic mirror 10
transmitting_visible light therethrough and reflecting
20 near-infrared light. Thereafter the light beam diverges
agaih'and is reflecfed by the cornea Ec of the eye E
to bé”examined, whereafter.it passes through the concave
dichréic mirror 7 reflecting visible light and trans-
mitﬁing neér~infrér¢d ;ight the;ethrough and the
25 trénémiftihg'windon 8 and 9 and is focused on the
photosénéor 13 by the lenses 11 and 12. The output of

the photosensor 13 is digitalized through the A/D



-

7..1. converter 21. That is, the anopunt of deviation of the alignnent

bet ween the direction of the nozzle 5 and the optic axis LI of the eye E to
be exam ned is detected by the light reception | evel of the
cornea-reflected image of the infrared |ight source-15. In the intraocul ar
t ensi on neasuring neans, the piston _3 is driven by the rotational solenoid
1 through the crank 2, whereby the di'r in the conpression chanber 4 is
conpressed and the internal pressure thereof is 10 detected by the -
pressure sensor 6. The conpressed air passed through the nozzle 5 .defxans

the cornea 'S%v%frttet}e 23)°¢ E-Ihggc llesf e’ﬁﬁ{eE rh%ur@é‘%cé I*hgexg{ QUG

defornatlon ) plana cor nea ecte mhen a nmaxi num

quantity ofalllugg.men%nfb%rt%,etéhe ML\ ONNorl B he WAL Seinesde |1 ght

beam fromthe 1 ght source 16. For exanple, the light source 16 and the

phot 0sensoippty calag iR eMi ¢ad ke iR PGS RO tditedlid edanass 17 and 18,
respectively, and the output. of the photosensor 19 is digitalized by the

Al D conver tf the NhHgh4dheldeptddn 1G]l fderemd corfea-atdMdcted ue of the

pressure sensor 6 when the output of the photosensor 19 becomes maxi mumis
al so dPgit dimaged olfy thiee iAVfR @iy dritggrt FburdweoUgh the anplifier 23, and by
the use of a conversion equation obtained in advance fromthe then val ue,
the value of 25 = fime thet dadmacaulsondiensicn omdaaicirey neanshe V) 28. The -
MPU 28 has a programtiner and prescribes the tine-up tinme. That is, when
t he predet @isitead 3 is driven by the rotatlonal solenoid 1 through
the crank 2, whereby the air in the compression chamber i;)
4 is compressed and the internal ﬁressure thereof is
10 detected by the pressure sensor 6. The compressed air
passed through the nozzle 5 deforms the cornea Ec of the
eye E to be examined, and the predeterminéd deformation,
e.g. applanation, of the cornea Ec is detected when a
maximum quantity of light enters the photosensor 19
15 which receives the light beam from the light source 16.
For example, the light source 16 and the photosensor 19
are provided at the focus positions of the lenses 17
and 18, respectively, and the output of the photosensor
19 is digitalized by the A/D converter 26 through the
20 amplifier 25. The output value of the pressure sensor
6 when the output of the phoﬁosensor'19 becomes maiimum
is also digitalized by the A/D converter 24 through the
amplifier 23, and by the use of a conversion equation
obtained in advance from the then value, the value of
25 the intraocular tension is calculated in the MPU 28.
The MPU 28 has a program timer and prescribes

the time-up time.  That is, when the'predetermined



8- cornea deformation signal fromthe photosensor 19 is not obtained even
If the tinme-up tinme passes after the supply of electric power to the
solenoid 1 is started, neasurenent .is judged-to be inpossible and an error
is 5 displayed on the display device 27. Here, two, cases are conceivable
as the cause of the aforenentiioned i npogs+bility of ‘nmeasurenent. The first
case is a case where the cornea deformation signal has not been obtained
due to: alignment deviation or 10 blinking, and in this case, there is a
hi gh peobability that neasurement becones possible if neasurement is
ef fect 6d Agai reornehaetrumalt bers es ignal cfisem whiee ephbtosenporsi@diai r
itsel f.could not fundanentally cause cornea defornmation due to the high
i ntraocul ar t et @btusinedfever f cthe t bime-eratinedpassesi aftarstbease,
even if neasurenment is effected again, neasurement becones inpossible as
l ong as the eyBRRLHEE@IRFEELT PIFRY stPethgesolepoidi s igngtashedhe basis
of a detection signal fromthe photosensor. 19 indicative of the 20,
inpossibilityqﬁaéﬁﬁﬁﬂﬁQ§nﬂﬁ,Jﬁ ekt e i HpRPsEHP1e ¥R 2B @REPH iSnust be
made greater, 4.hat I s,.the pressure range must Ze changed over, through the
anpl ifier£25, HPIAST M t|Fjleer ??%I%Pﬁog?%c?n% tface 22 fromthe next
nmeasur enment, whereby gjr_of higher 25 ressure t be de. . That
di sti ngui shing bet We'eﬂ*.eﬁ?festéw Vombadh ﬁs%%?l%%’dé%%%c%ﬁsgﬁ?tc?gsﬁrggt |y
the aforementioned impossibility of measurement. The
first'case is a case where the cornea deformation signal
has not been obtained due to alignment deviation or
10 blinking, and in this case, there is a high probability
that measurement becomes possible if measurement is
effected again. The second case is a case where the
compressed air itself could not fundamentally cause
cornea deformation due to the high intraocular tension
15 of the eye E to be examined, and in'this case, even if
measurement is effected again, measurement becomes
impossible  as long as the eye to be examined is the
same eye. At this time, on the basis of a detection .
signal from the photosensor 19 indicative of the -
20 impossibility of measurement, the energy imparted to
the solenoid 1 must be made greater, that is, the
pressure range must be. changed over, through the
amplifier 25, the A/D converter 26 and the interface 22
from the next measurement, whereby air of higher
25 pressure must be made. That, distinguishing between.
these two is indispensable because it is greatly

concerned in the probability of the success of the



concerned in the probability of the success of the -9- next neasurenent.’
Figures 2(A), (B) and (C) are graphs regarding tw exanples in which

. measurenent error has been judged as previously described and one exanple
of usual 5 nmeasurenment. Figure 2(A) is a graph of the output of the
pressure sensor 6 and tinme t, Figur% 2(B) is a graph of the output of the
phot osensor 13 for alignnment and tirme t, and Figure 2(C) is a graph of the
out put of the photosensor 19 for cornea deformation detection 10 and tine
t. In these graphs, ts indicates the neasurenent starting point of tirs
and tu l ndpegtemebBarbine®eup point of tine, and here, as shown in Figure
2(A), it is to be understood that the air in the conpression 15 chanber 4

has been conpresseg¢igudessi2qag ,t i@)cas qic)amy i@faphd Hedasicrysed
al i gnment devi.ation gurlng measurenent, Ob shows the case of a range-over

error, andtWe skawplebeinasdich Wumﬂ@mﬂr hils eenrgamygearent
starting point of tine ts, the output of 20 the alignnment |ight and the
out put of tbeptetdpuslyodederdbicidoand gine axanpdieh ofausdaland Cc and t here
i's no appreciable difference therebetween. However, when as shown by Oa,

al i gnmént teasareventas Fégmreadddd diu mg;nm:smfem oartghutt lpef out put of

the alignment 25 1ight has dropped rapidly, the deformation |ight
the pressure sensor 6 and time t, Figure 2(B) is a graph

of the output of the photosensor 13 for alignment and

time t, and Figure 2(C) is a graph of the output of

the photosensor 19 for cornea deformation detection
10 and time t.

In these graphs, ts indicates the measurement
starting point of time, and tu indicates the time-up
point of time, and here, as shown in Figure 2(a), it is
to be understood that the air in the compression

15 chamber 4 has been compressed.  Oa shows the case of
an error which has caused alignment deviation during
measurement, Ob shows the case of a range-over error,
and Oc shows the case of usual measurement. At the
measurement starting point of time ts, the output of

20 the alignment light and the output of the deformation
detection light and both Oa, Ob and Oc and there is no
appreciable difference therebetween. However, when
as shown by Oa,‘alignment deviation has been caused
during measurement and the output of the_alignment

25 light has droppéd rapidly, the deformation light
output also remains small until the time-up point of

‘time tu. - When as shown by Ob, the measurement range



output also remains small until the tinme-up point of tinme tu. Wen as
shown by Ob, the neasurenent range - 10 - is originally unsuitable for
the eye E to be exam ned, even if the air in the conpression chanber 4 is
gradual |y conpressed as shown in Figure 2(A), the output of the cornea

def ormati on detection |ight 'i$*not 5 obtained fromthé photosensor 19.
However, the difference of this case Tr&fh ©a is that the out put of the
alignment light remains holding a predetermned level. If the pressure is
gradualdy increased for Cc in the case of nornal neasurenent, the cornea Ec
becomes | g qﬁglanate t he ouéégi o% thg cornea_def o nation.de&ection
| ight gets to VEERIRg rP?ﬁ%k Shb%h HeFF§ﬁr§ ? emﬁgﬁménﬁ'essure
correspondi ng e-intraocul ar t.ensi ' h th,this, the output
of the ali gnrre%?eé:(I;E%l%e“[’;hsée??/l%r%‘oséggdégﬁn?%/és%gsgmggﬁm%k 4t Eé cor nea

restores its Oéf%%lfzéwn%rs%%%%daé h&g&,ﬁ\g{]\ggﬁﬁ%?hgghh (ggai gPéest ores its

ori gi nal outpu above, measur efrent _has been

ef fected propesd oo Peenddaschdy JeESehabIohh8eg8ctiOH! RibnkeYE! n8t the
out put of the cornea deformation detection fight by the MPU 28, and if the

output | ewel séhtdik&epSrem StRd | phSvSleR¥SP 89 .t hBokbvBryPLREi Nt of the
time tu, the level of the alignment light at that point of tinme, and if the
l evel is smal|@ffdéwence of this case from Oa is that the output of
the alignment light remains holding a predetermined
gvj level. If the pressure is gradually increased for Oc
in the case of normal measurement, the cornea Ec becomes
16 applanate and the output of the cornea deformation
| detection light gets to have a certain peak as shown in
Figure 2(C) when a pressure corresponding to the
intraocular tension is reached. With this, the output
of the alignment conVersely drops suddenly, but when
15 the cornea restores its original convex state, the
alignment light again restores its original output
level.
As described above, whether measurement has
been effected properly can be judged by detecting the
20 output level of the output of the cornea deformation
detection light by the MPU 28, and if the output level
still keeps a small level even at the time-up point
of the time tu, the level of the alignment light at
that point of time, and if the level is smaller than
25 a predetermined level Th, it is judged to be a
measurement error caused by alignment deviation, and

if the level is greater than the predetermined level



25 a predetermined level Th, it is judged to be a neasurenent error
caused by alignnent deviation, and if the level is greater than the
predet erm ned | evel Th, it is judged to be a neasurenent error caused by
range-over, and thus, distinction becones possible. Figures 3A and 3B show
a second enbodi nent of the present invention, and the difference of this 5
enbodi nent fromthe enbodi nent of -Fijgure 1 is that an energy converter
circuit 29 is interposed between the interface 22 and the solenoid 1. A
specific formof this energy converter circuit 29 is described in detaw in
Japanese Lai d- Open Patent Application No. 10 63-300740. That is, Figure
3B shows aBhexatipie jhdgrd tonbeok veasuremeat esmprolckusgdt by tor que of
the solenoid 2, and a char%ing resistor 121 and an el ectrolytic condenser
122 are pr¥3ndedoversuppfly thuee gaséinssdrsebpepmerePossdRded 2, and the
two source 15 resi stors 124a and 124b of an MOS type field effect
transistor 123 mayFAhEUEREnGH B3R Fhate e RPTmG dimedder ease t he

oot 110 CHETER LiBUBRY) ShokBeb SRhaTRhg By sbobnll 838y e relerence
1242 301 Laffat gt LRERISR S WIRLAIRES URTRUERATS 90 Bphsipl o o (1
gir ode, ggdgaggggeggf,ggggegg@ggghivésdﬁgoaﬁﬁe@psgaat BRkw¥akt age circuit for
interface 22 and the solenoid 1. 2 specific form of '
this énergy converter circuit 29 is described in Q;J
detail in Japanese Laid-Open Patent Application No.
10 63-300740. That is, Figure 3B shows an example
of the control circuit for controlling the torqgue of
thé solenoid 2, and a charging resistor 121 and an
électrolytic condenser 122 are provided to supply a OC
powef source for the solenoid 2, and the two source
15 resistors 124a and 124b of an MOS type field effect
transistor 123 may be changed over to thereby increase
or decrease the electric current I supplied to the
solenoid 2. 1In Figure 3B,.the reference numeral 125
designates a switch for changing over the source
20 resistors 124a and 124b, the reference numeral 126
denotes the'gate resistor of the transistor 123, the
reference numeral 127 designates a surge absorbing diode,
and the reference numeral 128 denotes a constant
voltage circuit for providing a gate voltage in the
25 form of pulse.
In the case of Figure 3B,'it is possible

to charge the'eléctrolytic condenser 122 from an applied



25 formof pulse. In the case of Figure 3B, it is possible to charge the
el ectrolytic condenser 122 from an applied - 12 - | vol tage Vi through
the charging resistor 121, and control the electric current flowing to the
sol enoid 2, correspondingly to the sourgﬁ%ie§istor 124a or 124b sel ected by
the switch 125. S s«Here, when the” cause of''the inpossibility of
measurenment is the range-over caused due to too high intraocul ar tension of
the eye E to be exam ned and deformation of the cornea fails to be caused,

t he energy cpnve{,égﬁa%ér;‘g#i{hgguéwytrpgy&g%t#%pif%e%ystg&e 112(1, Wt put of the

i nt erFace 22.so0 er ‘enefgy ma o the solenoid 1,

whereby measur engghe pb1 tfige e&%@@%ff&ﬂ@%ﬂﬂn& oSOl RRAQIRA gPOsSi bl e

during the next neasurenent erring to Figure 4 which shows a second 15

embodi ment of thg PESSEMpbAYERY 1P o HY SEARr R ¥l d MTb O 281 25 JrenQiqsh 31
may be advanced into a conpression chanber 33 to conpress the air in the

conpr essi on chanbelested Aty the SeessEsl. air may be bl own against the
cornea Ec of an eye E to be exam ned 20 t hrough a nozzle 34. A pressure

sensor .35 i S provi ded t Hemas uwieen hehe ndaarsEl ofpridss uimpar's itbid idymefessi on

chanmber 33. Transparent w ndows 36 and 37 made of a transparent materi al

are provided i n néasporténn f the range-over caused due to too high

. ‘intraocular tension of the eye E to be examined and
deformation of the cornea fails to be caused, the
-K,J enerqgy coﬁVerter circuit 29 may be controlled by the

10 output of the interface 22 so that greater energy may
be imparted to the solenoid 1, whereby measurement 6f
the even higher intraccular tension becomes possible
during the next measurement.

Referring to Figure 4 which shows a sécond

15 embodiment of the present invention, a piston 32
drivén.by a solenoid 31 may be advanced into a
compression chamber 33 to compress the air in the
compression chamber.33, and the compressed air may be
blown against the cornea Ec of an eye E to be examined

20 through a nozzle 34. A'pressure sensor 35 is provided
to measure the internal_pressﬁre §f the compréssion
chamber 33. Transparent windows 36 and 37 made of a
transparent material are provided in the portion df
the compression chamber 33 which corresponds to the

25 optical path L, and the nozzle 34.is mounted on the

central portion of the transparent window 36.

Adjacent to bbjecfiVe lens 38, half-mirrors 39



t he conpression chanber 33 which corresponds to the 25. optical path L,
and the nozzle 34 is nounted on the central portion of the transparent

~ Wi ndow 36. Adjacent to objective lens 38, half-mrrors 39 - 13 - and
- 40 are obliquely disposed on the optical path L behind the transparent

w ndow 37, "and further, an imaging lens 41 and a television canera 42 are
successi vely arranged, and the output3 of the television 5 canera 42 is
connected to a television nonitor 43. A lens 44 and an infrared |ight-
source 45 for alignnent such as an infrared light emtting diode are ‘o
di sposed on the optic axis of the reflection side of the half- mrror 39,
and a .ll enanb dhare ldhghiquedgeiddismppsshsm the optiarad dhahoded on the optic
axis of the reflection side of the half-nmirror 40. The |ight receiving
sensor 47 hehifids fdwe dram speaenthaviqpdon 3%, ¢nd nbixddex | iaght becones
greatest when the cornea Ec becones appl anate. A-plurality of |ight
enmtting iMAEME leans dl Bnd ig |heliavisien grnesa dhdAreye are provi ded
around the transparent wi ndow 36. The output of the pressure sensor 35 is
connect ed T4 VR ler FFadeesr and tthes PHtRGuRPF dheakfliaviieion and an

A/ D converter 50.,.The out put .of reset swtch 52 is connecteq to the MPU
20 5Tt PSR AZ df WRTIPTEES it S S P R Bnidieh 25, The anal og

SR\I/—IM E gha53 1A a‘4'[46san%0 a%s iHleraalxteEa rfl.ai:[d.hvtelsyoucrocrienellc:':t f%rs %liri%%mre%sti stor RL or
such as an infrared light emitting diode are disposed
on the optic axis of the reflection side of the half- . \;)
mirroxr 39, and a lens 46 and a light receiving sensor
16 47 éré disposed on the optic axis of the reflection
side of the half-mirror 40. The light receiving sensor
47 isldisposed so that the quantity of incidenﬁ light
becomes greatest when the cornea Ec becomes applanate.
A plﬁrality of light emitting elements 48 for
15 illuminating the external eye afe provided around the
transparent Qindow 36. The output of the pressure
sensor 35 is connected to MPU (microprocessor unit) Q_)
51 through an amplifier 49 and an A/D converter 50.
The oﬁtput of a reset switch 52 is connected to the MPU
20 51, the output of which is connected to an analog
switch 53. The analog switch'53 operates so as to
alternatively connect a source resistor RL or RH to a
solenoid control circuit 54 for driving the solenoid
31. Aléo, the output of the light roceiying-sensor
25 47 is connected to the MPU 51 so that as shown in

Figure 1, the impossibility of measurement is detected



sol enoid control circuit 54 for driving the solenoid 31. Al so, the output
of the light receiving sensor 25 47 is connected to the MPU 51 so that as
shown in Figure 1, the inpossibility of measurenent is detected - 14 - 1
and the driving of the solenoid can be controlled. At first, the exam ner
carries out alignnent by observing the jyage Ea of the eye to be exam ned
formed on the television canera 42 through the 5 obj ective I ens 38 and
the imaging lens 41 and the lidsght source image 45a enitted fromthe
infrargd |ight source 45 and reflected by the cornea Ec on the television
moni t or 43!  arahdwiee tdrisvialg gufretiie | sobenpi@tean béecsoteobled3l is
automatically or manually 10 energized. So, as previously described, the
piston 32 is driven byAt heisst erihel Sgaminiex heanries nowheatbgmmesti on
chanber 33 is conpressed and is_injected fromthe nozzle 34 to the cornea
Ec, which t huPhRsartindcthreibrage Eaveh the eventa b examiped1s

appl anate, the_quantity of light entering the |light receiving sensor 47
becones gr eat e%‘?%‘%ﬁﬁj ‘T‘%eﬁ'té‘? o'i‘%';e‘ﬂf%‘-‘?)‘? RSB | B2 t Hareedr 88 on chanber 33
when t he aut put, of the |jght cei yi sensor_47. has ached its peak is
directly det ec‘?%l?‘bti/”fenel%}%é rae“%e‘ﬂg%rl%?l%%leZ ‘?rhi the of the

Conver oi on caudIEh TP RSP ARK Aot PR TR R

light source 45 and reflected by the cornea Ec on the
Y television monitor 43, and when this alignment is
completed, the solenoid 31 is automatically or manually
10 energized. So, as previously described; the piston 32
is dfiven by the_sélenoid 31 and the air in the
compression chamber 33 is compressed and is injected
from the nozzle.34 to the cornea Ec, which thus
begins to be deformed. When the cornea Ec becomes
15 applanate, the quantity of light entefing the light
receiving sensor 47 becomes greatest and therefore, the
pressure in the compression chamber 33 when the output
% of the light receiving sensor 47 has reached its peék
is directly detected by the pressure sensor 35, and by
20 the use of the value of this internal pressure, the
intraocular tension is measured from a éonversion
equation pfepared in advance. Also, the change-over
of thé measureﬁent range becomes'possible by changing
over the source resistors RL and RH of the field
25 effect type transistor included in the solenoid control
circuit 54 for controlling the electric current

supplied to the solenoid 31, by the analog switch 53.



of the neasurenment

sol enoid control

range becones possi bl e by changi ng over .t he source
resistors RL and RH of the field 25 effect type transistor included in the
circuit 54 for controlling the electric current supplied

to the solenoid 31, by the anal og switch 53. - 15 - Here, let it be

assuned that the relation between t
> RL and the intraocul ar tension has %een measured with the source

e two source resistors RL and RHis RH

resi stance tentatively set to RH If in this D case, the intraocul ar
tension converted on the basis of the result of A/D-convertlng t he outgﬂt

fromthe pressure sgnsor g by, tihe ﬂgﬂ&éﬁ]cﬁ;%‘% ?rom gp_/ec; t he nmeasur enent

range, the MPU 51 controls the anal og swt

e next neasurenent

SO that thesu&s dik @S sd¥cditdSi S8 AR, Cald Yrighpgad ovgr to RL and

nore electric current flows to the solenoid 31. Conversely,

if the neasured

val ue obt aifigtl vheNdteasOMIHE 8% SARNKELs | SeSeimd Hsdted SwidH NiKe a range

whi ch can be neasured even by the source 15 resistor RH the source

resi st ance sGuitdkevdsiseaiciatdvedtivery sot Rd yH i her goimegi ©f t he MPU
.51 so that no excess shock may be inparted to the eye E to be exani ned

from t he nesdsd ;| nehe Harteradoulde feErsoor enirost tedton vihen baei L0
I's replaced by anot her exam nee, the exam ner closes the reset switch 52 to

t her eby autefretheafdsnlt of A/D-converting the output from the

10

15

20

25

pressure sensor 35 by the A/D converter 50 is over the
measurement range, the MPU 51 controls the analog
switch 53 from the next ﬁeasurement so that the souxrce
resistor RH is automatically changéd over to RL and
more electric current flows fo the solenoid 31.

_ Conversely, if the measured value obtained
when the source resistance is set to RL is within a
range which can be measured even by the source
resistor RH, the source resistance is likewise
automatically set to RH by the command of the MPU 51
so that no excess shock may be imparted to the eye E
to be examined from the next time. |

Here, in the present embodiment, when the

examinee is replaced by another examinee, the examiner
closes the reset switch 52 to thereby automatically
return the measurement range to the initial setting
before the measurement of the next examinee. The reset
switch 52 may serve also as a printing switch for a
printer or other functional switch such as a switch for
clearing the intraocular tension data in the past,

whereby the cumbersomeness of the . switch operation can

exam nee



S

return the nmeasurenent range to the initial setting before the measurenent
of the next exam nee. The reset switch 52 may serve also as a printing
switch for a 25 printer or other functional switch such as a switch for
cl'earing the intraocular tension data in the past, whereby the

cunber soneness of the switch operatignl%ag - 16 - be mtigated at any
rate. This is a very inportant functidon when it is considered that in the
case of the measurenent of intraocular tension, alnost all eyes to be

exam ngtd are of normal intraocular tension and with 5 regard to an eye of

hi gh intraocubarniepgheBd ae ahyeFakel.S R4S 43 LEYEEd LRBokRhnaocul ar
tensi on of such eye 0On the spot by the use of a nedicine and therefore the

probabi lity wehhcehbahwABASHEENBNEoRBRdBcACERAR! iifhedel Bagdel QW HRAJE S
consi derably high. That 10 is, it is nore popular to select a | ow range

as the initiameaghieM@ntAbE0oine¥abcullarheendi®neXalnbee, allhe eyelst@oof

I ntraocul ar tension may vary depending on the eye to be exam ned and

t herefore, itbeserasinall artoofehornalbintirhecidasutensibnr ande wtiaht he
initial setting each tine the switching of the eye to be neasured is

det ect ed by aregardstwtah &gt O6r hdghednitmgorhdamptemsibnef an st age which
nmeans the swtching of the |eft and right eyes. These actions are executed
by the MPU 51akbempppésampdg tp zedvceafibe wntiapgualprofession of

such eye on the spot by the use of a medicine and
therefore the probability with which measurement can be
accomplished in a low range is considerably high. That
10 is, it is more popular to select a low range as the
initial setting.
Also, even in the same examinee, the value of
intraocular tension may vary depending on the eye to
be exaﬁined-and therefore, it is desirable to return
15 the measurement range to the initial setting each time
the switching of the eye to be measured is detected by
a microswitch 52' for detecting the movement of a stage
which means the éwitching of the left and right eves.
These actions are executed by the MPU 51
20 operating in accordance with the flow chart of
intraocular tension measurement shown in Figure 5.
That is, with the start of measurement, at step 101, the
source resistance is changed.over to RH by the analog
switgh-53 and setting is made to a low pressure range.
25  Subsequently, at étep 102, measurement is effected,
and at step 103, whether it is range-over is checked

from the result of the measurement. If it is not



I ntraocul ar tension neasurenent shown in Figure 5. That is, with the start
of nmeasurenent, at step 101, the source:.resistance is changed over to RH by
t he anal og swi tch 53 and setting is made to a | ow pressure range. 25
’ Subsequently, at step 102, neasurement is effected, and at step 103,
whet her it is range-over is checked i om t he result of the measurenent. |If
it Is not - 17 - range-over, advance Is nmade to step 105, and if it is
range-over, at step 104, the source resistance is changed over to RL by.the
anal og switch 53 to set it to a high pressure range. |f at step 105, the
reset switch 52 is e 10 be_examn udge ve been T
repIacegnbyr%ﬂ%?H%Ye%yeag%%%g etoirfife ﬁ%dgg?g 3P§p %ﬁg ﬁlé 1Ff the reset
switch 52 | megasu n S t a step 106,
%&Eg 3 §62£€§§eioh £Rs £8u9§e Eég}g ﬁ is

return is nma re feasurenen 'R 10 the high

pressure 1 aggenge éfo@sgéelﬁ_fnﬁ& | end OaRE1566 BhRgbR05! 51 €0 106, the

measur enent ern1nat I cation e Figure 4

enbodi ment. t&' ;wrﬁf&h Lbeegléépéayae ethexseAECEtQp ebst hengepgucgm™®Nt range
and the display to the effect tha the measurenment range is range- over

i s ef f ezt edsdytén ds3piayor) cErateps. t<W\B§ &RemsnLUaCesr gaagbangs i s set to
RH, a green |light emtting diode Is turned on, and when the source

resi st ance hsvelbegedropriceéd. ¥, anotiedr| egbf andt tetagrdi Deembdet ur ned on.
Where to step 101. Also, if the reset switch 52 is OFF and
measurement is not to be terminated a£ step 106, return \_)
is made to step 102, where measurement is effected in
10 the high pressure range. If measurement is to be
terminated at step 106, the measurement is terminated.
Figure 6 shows a modification of the Figure 4
embodiment in which the display of the selection of the
meastirement range and the display to the effect that
15 the measurement range is range-over is effected by a
display element 55. When the source resistance is set
to RH, a green light emitting diode is turned on, and
when the source resistance is changed over to RL[ a
red light emitting diode is turned on. Where
20 measurement cannot be effected in the state in which
the source resistance is set to RH, that is, where the
measurement range is range-over or alignment is
unsatisfactory, the green light emitting diode is
turned on and off with the frequency changed, and
25 . where measurement cannot be effected (alignment is -
unsatisfactory) in the state in which the source

resistance is set to RL, the red light emitting diode

v
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20 neasurenment cannot be effected in the state in which the source
resistance is set to RH, that is, where the neasurenment range is range-over
or; alignment is unsatisfactory, the green light emtting diode is turned on
and off with the frequency changed, and 25 where neasurenent cannot be
effected (alignment is unsatisfactory) hg the state in which the source
resistance is set to R, the red light em.tting diode - 18 - is turned
on and: of f. When the neasurenent range i s range-overy-, it may be displayed
by chacacters (e.g. "over") By t he above-described display, it can be
confirmed Wi thisheubneaabd 8hat gEr-on of the green light emtting diode
during the change of the eye to be exam ned that the neasure- nent range i.s
a | ow pressure range, Whentbrewneagupprenti pangek fier gahyergves ,dépr ess t he
reset switch during the change of the eye to be exam ned and 10 ef fecting
the next nmeasumayeie disbbayed bygbhpresters fenge Beweg"thangwdtben be
prevented. Also, where measurement cannot be effected in spite of alignment
bei ng good mnthbm%%3®¢%ﬂéhbe@eﬁhgpbﬁ7ec!édcan brecppfiipmedswikhr &hge in

whi ch theipreen |ight emtting diode 15 is turned on, that iis, where the
neasur ement radb@ 5 Farpeonvef, tbﬁegéeﬁakééngaE@lPﬁéngbé&ﬁdﬁeﬁPFéﬁ@d

di splay "over" and |nned|atelg after that, the enen range changes
over to the hiﬁmeﬁ?QQ%%FeP the eye to be’ examlne t at the measure-

ment range is a low pressuré range, and the wrong
Y operation of forgetting to depress the reset switch
during the change of the eye to be examined and
10 effecﬁing the next measurement wiﬁhout a high pressure
'_range being changed can be prevented. Also, where
measurement cannot be effected in spite of alignment
being good with measurement being effected in the low
pressure range in which the green light emitting diode
15 is turned on, that is, where the measurement rahge is
range-over, there takes place the above-mentioned
display "over" and immediately after that, the
measurement range changes over to the high pressure
range and the red light emitting diode is turned on.
20 Also, where the measured value is high when measurement
is effected in a measurement range for low intraocular
tension and the change-over of the range is effected
through the MPU 51 so that at the next time, the
measurement iange is q.meaéurement range for high
25 intraocular tension fbr_the same eye to be ekamined,
chanée-over takes from the turn-on of the green light

-emitting diode to the turn-on of the red light emitting



range and the red light emtting diode is turned on. 20 Al so, where the
nmeasured value i s high when neasurenent is effected in a neasurenent range
for low intraocul ar tension and the change-over of the rangeis effected
t hrough the MPU 51 so that at the next time, the neasurenent range is a

measur enent range for high 25 i ntradéul-ar tension for the sane eye to be
exam ned, change-over takes fromthe turn-on of the green light emtting
diode to the turn-on of the red light emtting - 19 - diode. Also,~

ue is.l ow when nmeasur ected in a -

wh th d |
neggﬁrengngegéﬁﬁé’fgﬁlﬁlgh PﬁFFh&@ﬁIEFaF@ﬁfloHaiﬁﬁ Pﬁe BHaHB%"over of the

range is effe t thr o 30 tha the,5 next tine, the
a%%reme t(]&flzlnl‘gt remenf’rﬁ g?a[; %Y ension for

measur enent range |s a neasurene r dngé f' ow'rn
the same eye o%el e t of the red
l'i ght enlttln% de to tquiﬁgﬁggﬁ of th%ﬁgrégéhgg]hbgr HFtFﬁg di ode. The

di spl ay elengghg%SL@agf%Qctgﬁf %&bMQEYtﬂ% ﬁpb'QE'QoCEﬁﬁkaétekﬁQEnt an

el ectro- lum nesScence el enent, an el’ectrochrom c el enent ot ochrom c

element @ thexd @me@n@h@nheﬁfsuﬁrléﬂéﬂt”&)én asswﬂéssﬁk&aeae an array
elenment or a matrix elenent. 15 regards the display, use may

be made of arelgRgEorn 1bke intHadaularoteadibhedoki ghe, shrei dgs €cchange in
hues such as green and red. Al though the
be examined, - change-over takes from the turn-on of the
red light emitting'diéde to the turn-on of the green
light emitting diode. The display element 25 may
10 effectively be a liquid crystal element, an electro-
iuminescéﬁce element, an electrochromic element,
a photochromic element or the like,'and any of these
may be a single element, an array element or a matrix
element. |
15 As regards the display., use may be made of a
-change in the luminance of emitted light, besides a
change in hues such as green and red. Although the
visual display has been described above, at least 4
part of the display may be done by sound. For example,
.20 where the measurement range is range-over, it may be
displayed by sound and the selection of the measuremént'
range for low intraocular tension and the selection.of
the measurement range for high intraocular tension may
be displayed by the turn-on of a green light emitting

25 diode and a red 1ight'emitting diode, respectively.



vi sual display has been descri bed above, at |east part of t

be done by sound. For exanple, 20 where the neasurenent Wﬁﬁ”ﬁ””’"”
range-over, it may be displlayed by sound and the selectlon 0 ”w
neasurenent range for low intraocular tension and the sel ection of the ®

measur enent range for high intraocul ar tension may be displayed by the
turn-on of a green light emtting 25 diode and a red light emtting diode,

respectively. -20- CLAIM5. 1. A non-contact tononeter having: fluid
proj ecting nmeans for conpreSS|ng fluid in a conpression chanber and
projecting the fluid to the 5 cor®a-of an eye to be exam ned
| ocated at a predet erm ned di st ance t herefrom sai d fluid

proj ection means &22d¥Scapable of selecting a first range as a
pressurizing range for neasurenent of |ntr%*cular t ensi on and a second
range including *a 18§ ROD-E dYiN%fe degree

B Bt odet ormi ned def or ARt SP%%%K?& R S P D A wﬂ%friéff's%
by th | ecti f
of the IniTaccul at PERERSAcE ERRRReY ML bettect i I Aud o T,

changing tle presedrngand Jangs  yd ™Ay q;@nteﬁmﬂm 2aQdailed NS ON 5
et ween

predetermlned distance therefrom, said fluid

projection means being capable of selecting a first

— range as a pressurizing range for measurement of
intraocular tension and a second range including a
10 value higher than in the degree of pressurization
relative to said first range;
measuring means for detecting a predetermined
defermation of the cornea of the eye to.be examined
caused by the projection of the compressed fluid and
15 measuring the value of the intraocular tension of the
eye to be examined;
ij . _ change-over means for changing the pressurizing

‘range for measurement of intraocular tension between
said firsf range and said second range;
20 state detecting means for effecting at least one
- of detection . of the fact that measurement is
impossiblee_by 'said measuring'means_and detection of
the replacement of ;he eye to be examined by another
eye; and |

25 control means for operating said change-over means



—‘EETH‘TTT§T*range—and sai d second range; 20 ‘state detecting neans

{fmmﬁﬂw | east one of detection  of the fact that '
thmq,LerOSQ ble by said neasuring means and detection of the

r'eplfacénent © e eye to be exanined by another eye: and 25

control neans for operating said change-over neans -21- on the basis of
at | east one of the output of said state detecting neans and the measured
val ue neasured by said neasuring nmeans. 5 2. A  non-cont act ~,
tonometer according to aim1, wherein said state detecting neans ‘w#
conprises alignnent detecting nean? and further conprises neans for
discrimnating whether mneasurenen | npossi ble within a

prescribed tigg gHg FQSBEnSQE'SQQCiQéé’tlQne ofakhgnegﬁe{gugeo%ssﬁar

measurenent i s I npossible because the cornea of the eye t exam ned does
not exhibit thgrReedgbeeBtiRg ﬂé&ﬁé”@ﬁaoﬂhénmé&éﬁﬁe&fvéﬁﬁéSfﬁéhghfed

alignment, and wherein said Change-over neans changes the pressuri zi ng
range in reposaed mé8surifgdmédns. discrinminating neans discrinnating
~that neasurenent is inpossible because the cornea of the eye to be
exam ned does not exhi bi t t he predeterm ned deformation in spite
of satisfactory alignnent in the latter case. 20
5 2. A non~contact tonometer accordlng to Claim 1,

wherein said state detecting means comprlses alignment
detecting means, and further comprises means for J
discriminating whether measurement is impossible
within .- a  prescribed time due to unsatisfactory

10 alignment or whether measurement is impossible because
the cornea of the eye to be exéminéd'does not exhibit
the predetermined deformation in spite of satisfactory
alignment, and wherein said change-over means changes
the pressurizing range in repOhse to said

15 discriminating means discriminating that measurement'
is impossible because the cornea of the eye to be
examined does not exhibit  the predetermined ~/
"deformation in spite of satisfactory alignment in the
latter case.

20
3. A non—contact tonometer according to Claim 2,
wherein said change-over means producés an output
which is transmitted to said control means to change
the pressurizing rénge for measurement of inﬁraocular

25 tension from said first range to said second range.



3. A non-contact tononeter according to Claim 2, mhererﬁﬁ““\~&h~‘N‘N‘““

change over neans produces an output which is transmtted to @m&m&w
means t o change the pressurizing range for nmeasurenent of |ntra

‘tension fromsaid first range to said second range. - 22 -

non-contact tonometer according to Claim2, wherein if. sald state
detecting neans detects the replacenent of the eye to be exam ned by

anot her eye, and said control;: peans controls said change-over neans 5

to regurn said fluid |nject|ng means to said first range in
accordance with the detection of- 22t ke repl acenent of the eye by
said state detecting means.. 10 5. A non-contact tononeter
according to d4&m & WRBrEPRtastd SOROMSIteReaASCOBRing| s toaldaim 2,
change- over neans to change the pressurizin ran e i n accordance with the
magni t ude of 't he WB§§GFBd1€aﬁﬁédne§§&F€d Sitd Hea@GPPﬁg ﬁ€§ﬁ§t515t@e A
non- cont act tononetg8 acc rd| to Cla sai d st at

detecting neansTePeBfSMEIEs éﬁﬁ ﬁ?ﬁgtﬁe§ﬁbeF8FlHSFeP% AnRShere eve,
repl acenent of thg q %%n%§%T %%Q %yc%%%E%ﬁr %%?d”%ﬁgi <23 20 means

& Gat
wherein said stat ge ectl means from a geq&YE e}

means that st he ey%otOrQ%uﬁﬁﬁ”b%Sﬁ h%&uﬁ%@”xhﬁ@c%iﬁﬁ R&aﬁ%OEG9saﬁﬁeflrst

range in accordance with the detection of the
replacement of the eye by said state detecting

neans.

10 5. A non-contact tonometer according to Claim 1,
wherein said control means controls said change-over
.means to change the pressurizing range in accordance
with the . magnitude of the measured value measured by
said measuring means.
15
6. A non-contact tonometer according to Claim 1,
\_ wherein said state detecting means = comprises
determining means for determining the replacement of
the eye to. be examined by another eye means, and
20 wherein said state detecting means from an output of
said determining means that the eye to be examined has

been replaced by another eye.



_-23- 7 A non-contact tononeter according to Claim1l, wherein said state
detectin conprlses a reset switch for resetting said tononeter
\E”!“ﬁ““‘ nﬁfﬁ t e detecting neans detects by the output of said reset 5

e eye to be exani ned has been replaced by another eye. 8.
fon-contact tonomet er according to Claim?7, wherein said reset switch
serves al so as an operation 10 starting smﬁtch of a printer for

recording the result of the measur ement of intraocular tension. 9. A N

non-contact tonometer according to Claim7, wherein said reset switchw

serves also as a clear 15 -smnfch3 for clearing previous neasurenent

data of intraocul ar tension. non-contact tononeter accordlng to
Claim 1, whereln sﬁl@°%h§ﬂ§5369ertﬂ%@%%te€onﬁﬁ?%¥%4"%. Q| rbtrEm20l, for
driving a piston in the § ngre33|&n chapber and neans .,to change the

circuit resiSYR@ERLnfsal tage %Y%Ctlng(?eani.°°mRFlse%;azﬁegﬁE. A

non- cont act { Q00N of o, ACE0LEL 1" 94 °k Bhdne bt | IRE=GPAPE 2 "SSP &Y

detecting means detects by the output of said reset
5 switch that the eye to be examined has been replaced

by another eye.

8. A non-contact tonometer according to Claim 7,
wherein said reset switch serves also as an . operation
10 starting switch of a printer for recording the result

of the measurement of intraocular tension.

9. A non-contact tonometer according to Claim 7,
wherein said reset switch serves also as a clear
15 switch for clearing previous measurement data of

intraocular tension.

10. A non-contact tonometer according to Claim 1,
.wherein said change-over means comprises a solenoid.
20 for driying a piston in the compression chamber and
means to change the circuit resistance of said

solenoid.



| east one of the selective display of said first range and sald sec

ond
range and.the display of the fact that 5 nmeasur enent i ﬁ! lﬂu;uu"
by’ said neasuring neans because the pressurizing range du oy
IS i nappropriate. 12. A non-contact tononeter according to Olarm1l , 10
wherein said display means includes visual display nmeans. 13. A
-non-contact tononeter according to Claim1ll, wherein said display neans
i ncludes aural display 15 . neans. 14. A non-contact tononeter
conpriging: fluid prOJectlng ‘means for compressing fluid in a conpression
chamber and projecting the fluid to the4e cornea of an eye to be
exam ned |ocated at a predeterm ned di st ance t herefrom sai d

fluid projecting mdans ki mprewmonitlactof tomlogettieny actordingatgeClaim 1,
pressuri zing range for neasurenent of intraocular tension and a second
range including afpgther pvomprisiinghedisplelye degnée sprpreddecting omt

relative - 25 - to said first range; neasuring neans for detecting a
predet er ni ned def dER&L GRepPH H%’eccﬁﬁa@&’tdf"et il ¥t 9fhsaddaFiixst TANSR by

sai d conpressed fluid and neasurjng the 5 val u the_intraocul ar
-tenS|onnpof t he Qge CE%%H%H%EF and. the d%sﬁiay of the fact that

5 measurement is impossible by said measuring means

because the pressurizing range during measurement is

inappropriate.
“ |
12. A non-contact tonometer according to Claim 11,
10 wherein said display means includes visual display
means.
13. A non-contact tonometer according to Claim 11,
wherein said display means includes aural display
15 means.
U l14. A non-contact tonometer comprising:

fluid projecting means for compressing fluid in a

compression chamber and projecting the fluid to the

- 20 cornea of an eye to be examined located at a
predetermined distance therefrom, said fluid
projecting means.being capable of selecting. a first

range as a pressurizing range for measurement of
intraocular tension and a second range including -a

25 value higher in the degree of pressurization relative



~

change-over neans for changing the pressurizing range for neasurenent of
| ensi on between said first.range and said second range; 10 .
St atigng neans for effecting the detection of the fact that
“‘“ﬂgﬁ%ﬁgﬁm‘f\“ I npossi bl e by said nmeasuring neans and the detection of the
. ment of the eye to be exam ned by anot her eye; control neans for
operating said change-over neans 15: on the basis of at |east one of

the output of said state detecting nmeans and the nmeasured val ue neasured by
said measuring nmeans; and display neans for effecting at |east one of ™he

selective display of said first ran and said second 20 range and the
di splay of the fact that neasuren Ts inpossible by said neasuring
means becausg th ressurizing - range during measur enent

i s inappropriaf%.sal& Pirse range]

measuring means for detecting a predetermined
deformation of the cornea of the eye to be examined

caused by said compressed fluid and measuring the

5 value of the intraocular temsion of the eye to be
examined; .
change-over means for changing the pressurizing \J/

range for measurement of intraocular tension between
said first range and said second rénge;

10 state detecting means for effecting the detection
of the fact that measurement is impossible by said
measuring means and the detection of the replacement
of the eye to be examined by another eye;

control means for operating said change-over means
i5 on the basis of at least one of the output of said
staté detecting means and the measured value measured

b& said measuring means; and
display means for effecﬁing at least one of the
selective display of said first range and said second

20  range and the display of the fact that measurement is
impossible by .said measuring meané because the
pressurizing = range during measurement is

inappropriate.




