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-(&gsy] AL WwE @A AEL) 53 -Criwd WHEAHY & 4Fol MPEE
FHPA oA s&E, &Edy] A & AEaA7E 2T
AR Ed e HI3k - U % E (diopter) : A2 HA(FHE) Y
-(E93d7] A% A : accessible G924 /68 AYgEH fie FRY F
radiation) : HE¢] AREOlA QA7HY Fo] 70| meterd¥ZE YERA A
U oE7} v x sbsg BALA - embedded #HolA : Eef ¢ #HolA FHRE
- {amay T FOZ EAIC O3 e = o0 =2 U2 FE R HoARA ¥
Z 3§ SA(MPE)7F 9% EAlE Ag g4 ZHAA Fold WALE Adtete &
# A ol AT Z(angular hmlt) T A mEe Boh @ Al2" /7 A
$ A (Aphakic) : 2R A 27} e 3 2o ¥
- g9 dhS(aversion response) : ‘31‘—8— H o] - extended source : # oA EALAM LA
U AZEE 2o =EFHE A& sty A & He 2 amdTt F Zo] Fol W3
3 & AU 2AE EYde HELE A5
B goja AAZEEY k&4 Ui & -intrabeam viewing : £9J %}% A 3sl= a
QRbSol £ 7ol ‘?l*};—ﬂ?l A7+ mB T ZAAY 722 ZtoE 427 Fo
33t 025% oud A4 ete #AFZA. o —rwer—l:— 2E HY
- W9l A A (beam dlameter) C Y H A GO A3 A3 (point source) S E?}
97 93 w99 1/e(0368)u)7F 2 u - Jaeger' s test : 7}7F2 A|ZHe] dR1ES ]
He] gl A Auithe] F H Afo]o Az 2H 7] Y3 = Y g A=
- Ca: 700-1400mm & < & 9 A (near AddE ANHeE AAY A7 U
infrared: IR-A)WHYZH MPEZRS & AE37] 93 Snellen chart9} fA}
WNFlE AR TE SR g Ma - Lambertian B : W& TE AR Bapst
ZfgelA BAgE dad 44 YA &7 (viewing angle) = F&#E o]¢H
a8 S5 A A H
-Cet AA ETY 7HAF A EF(550- -d9 Az (amn) TBH FEFZAOE
700nm)oN A& 3 3837 YPAle]l IA infrabeam viewing™} extrabeam viewing®
AAaE7] Wi MPEZNE S7HA71A H 2 Yol
T ZAZ¥E - g FA(D) P ZA WAL Eo] Ha T
- Cc: 11503} 1400nm Abo] <] thofA] et T e Ao ek 99 HU A
olHe] EAtUA] F4 wjie] £ - EE3A TN T = AV SR ARG
o 3 MPERHFH T dig extended wekA EHs Add E:AT
source MPEE A4}et7] 93] AMgHE o -dY §87ts = FFHMPE)  Folut
AHT YR HZ & A3t W e JYs
- Cet #HolAY £27F eming dE M7 FEF glo] =F 75 #HolH HAtAY
of e w intrabeam MPEZHEH 3rol AEZ Folu ¥%d dlg MPEY 7|&
8} extended source MPEE A 4Fe}7] & 2 8 AASHA 7%
& AHLEE ZAWHE -3 A& 7FA A P (Minimum  viewing

Fd o A 7h2 534 A3d Al 25, 20009 104
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distance) : Al#e #o2 B 4 dE M
7WHE A EBE 10emy I o)Ay AL
-BEAY A¥9Y(NHZ) : §F Fo &
e e ZARL BAtcZo] MPEE 238
ReEE dAHA e AEE 99 A
o o HAA He, FAEd 7HEAA
e Yol AZEEHY W Az

- 338 W& (optical density, Di)
logw T
714 T A%

- Jdg A& (Rayleigh scattering) : BA}A
o] B uHE BE AL IYolsS
7H A ESE AUs F¢ dojves B4
A9 Abgr

- YA Z(solid angle) : YFF HAZHANA 3
422 9% 49 d22 54

89 A3 Je &9 FHA Ht
°J—r of o) Agd g o3 FA

- 2H 2] A (steradian, Sr) @ YA ol e
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2H gty gto] EAg
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MPE®| A% 2 31513 Ao o) o
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g $ Ao Qo dHE A EAste Aol ¥

- Eoly I o]y HAGYGAN FHE F FHOE yEFojof g},
A AAE BFAFd HolAes 74 FF g2 19 AELL dolAx7t dukdql
qom ZH gHo A AEd s} extended

=3
Hlye wEts F 7HA

intrabeam ] MPE

-BE HolAY ®Fe FFIHLE UFY (2) & 19 Fo st MPEY] Ad+74 4
HeEES 879 o o] A% AEL = MPE x Ag1739

(1) sgolt oo ¥4 o] At

(2) CWU HHE HAY gojAe Af ¥ ii)04 ~14me TFFHAA BZEd=
7 8 YA & A A 7F Tmax extended source #o|A AlAEH Y H9 A

(3) B2 oA A Hio) w2 AH| 19] AELE AAs7] 9s)A AlE3d MPE+
AR (Ee FZ ofUA]), B2 A&, F ofgff o] Z7el 2§ extended sourced] WHH
2 e Fapge W9 BAF kS F Coll YsiM XY E 208FDY A

- Extended-source @ oA A2~ (g o]A o
go|, FAF glolA tholE &8 3F
A2 Wl g7 4 AAE 717 FolA

e BA kE2E2REH 24 Aot

g1
Limiting Apertures for Hazard Evaluation and AEL

9 22) AL AN GAY R Aol .
R Determination

E2d M g2

(subtended) TE7}d| Spectral Region Duration Aperture Diameter(mm)
g A4E 2T, {um) (<) Eye Skin
- 292 19 BY EA 0.180 to 0.400 10° to 0.25 1.0 3.5
A gGE(AEL) : A 025 to 3 x 10° 35 35
o] ik o)A 0.400 to 1.400 10° to 3 x 10 7.0 35
AANE AAss) ¢ | 1401 107 10° t0 0.3 1.0 35
M Pola £ 0.3 to 10 1.5 t* 35
ZALY B} pmu) 10 to 3 x 10° 35 35
olU gt Ho]A "ol o 10° to 10° 10° to 3 x 10° 1.0 1.0

UL g2 o7t
ZebgAel M A
& Ho T B
MPE®] Ag 74 9

* Under normal condition these exposure durations would not be
used for hazard evaluation

Note: The wavelength region A to A means A<A(A m, eg., 0315
to 0.400 im means 0.315<A0400 um.

38 o] A 738 3] A A3A A 22, 20009 109
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EZN 7 ZARGE FE At WA 1
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4.2 dlo]lA A= $¥ £5F9 A
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#lo| Al 7,
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28 FolAHY AL
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=& T3
(1) 14m~1mn Ate]e] A &3} 0.18~0.4m
Atolel UV 3 thd & 7HA & #olA A
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R
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A date] F4o g
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AHEEAA 72 GA 2§ e
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SR BRI
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HH 1 ' ®2
Maximum Permissible Exposure (MPE) for Ocular Exposure (Intrabeam Viewing) to Laser Beam?
Exposure Duration, MPE
Wavelength (um) P (s) 0~ om?) W -om?) Notes

Ultraviolet
0.180 to 0.302 10° to 3 X 10* 3 x 10°
0.303 10® to 3 x 10* 4 x 10° or 0,56 t1/4,
0.304 10° to 3 x 10* 6 x 10° whichever is lower,
0.305 10® to 3 x 10* 10 x 10° (See Tables 8 and 9
0.306 10° to 3 x 10* 16 x 10° for limiting apertures)
0.307 10° to 3 x 10° 25 x 107

g o A7k 3] A M3d A 2%, 20009 109




0.308
0.309
0.310
0311
0312
0313
0.314
0.315 to 0.400
0.315 to 0.400

Visble and Near
Infrared

0.400 to 0,700
0.400 to 0.700
0.400 to 0.700
0.550 to 0,700
0.550 to 0.700
0.400 to 0.700
0.700 to 1,050
0.700 to 1,050
0.700 to 1.050
1.050 to 1.400
1.050 to 1.400
1.050 to 1.400

Far Infrared
1.400 to 1.500
1.400 to 1,500
1.400 to 1.500
1.500 to 1.800
1.500 to 1.800
1.800 to 2.600
1.800 to 2.600
1.800 to 2.600
2.600 to 10°
2.600 to 10°
2.600 to 10°

10° to 3 x 10
10° to 3 x 10
10° to 3 x 10
10° to 3 x 10
10° to 3 x 10
10° to 3 x 10
10° to 3 x 10
10-9 to 10

10 to 3 x 10*

107 to 18 x 10°
18 X 10° to 10
10 to 10*

10 to Tu

T: to 10*

10* to 3 x 10
10° to 18 X 10°
18 x 10° to 10°
10° to 3 x 10*
10° to 50 x 10°
50 X 10° to 10°
10° to 3 x 10

10° to 10°
10° to 10
10 to 3 X 10
10° to 10
10 to 3 x 10
10° to 107
10° to 10
10 to 3 x 10
10° to 107
107 to 10
10 to 3 X 10

40 x 10°
63 x 10°
0.1

0.16

0.25

0.40

0.63
0.56"*

1.0

05 x 10°
1.8t x 10°
10 x 10°
1.8 t¥* x 1073
10Cs x 10°
Cs X 10°

05Ca X 10°
1.8Ca t** X 107

320Ca X 107
5Cex 10
9.0Cc t* x 107

16Cc x 107

0.1
0.56 t*
0.1

1.0

01
1.0
0.56 t!

01
10 x 107
0.56 t*

0.1

See Tables 8 and 9 for
limiting apertures)

For multiple pulses
apply correction factor

Ce given in Table 6,

See Tables 8 and 9 for
limiting apertures)

For multiple pulses
apply correction factor

Cr given in Table 6,
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+ The MPE for diffuse reflections at wavelengths between 0.400 and 1.400 um is obtained by

multiplying the corresponding MPEs above by Ce. (See Table 6
factors and T1.)
Note : 1. For repeated(pulsed) exposures, see 82.2.

and Figure 9 for correction

2. The wavelength region A to A means A<A(keg, 0180 to 0302 m means 0.180<A0.302

um,
g3 2

Accessible Emission Limits for Continuous-Wave Laser and Laser System”

#3

Wavelength

Emission

) Classl 1 Class2 * Class3’ Class 4
Range Duration
(im) (s) (W) (W) (W) (W)
Ultraviolet
0.18 to 0302 | 3x10* <96x10° - > Class 1 but<05 > 0.5
<32x10° depending on
0.302 to 04 3% 10! depending on - wavelength Y05
wavelength (see Table 5)
(see Table 5)
Visible
04 to 0.7 3x10° <0.4CsXx10° ) Class 1 > Class 2 but <05 | )05
(see Tableb) but <1x107?
Near Infrared
0.7 to 1.05 3x10 <128Cax10° YClass 1 but <05
depending on wavelength - depending on 05
(see Tabled) wavelength(see Fig8)
10" | <39x10" to <19%10° - > Class 1 but <05 > 05
105 to 14 > 1000 <600C.x10° - >Class 1 but <05 Y05
(see Table5)
10 <19%X10® to<1.6X10* - >Class 1 but <05 >05
Far Infrared
14 to 4 »10 <96x10° - »>Class 1 but <05 | »>05
Submillimeter
4 to 107 >10 <96x10” - >Class 1 but <05 | >05
10° to 10° 10 <96x107 > Class 1 but <0. > 05

* Emission duration = 025 s,

t When the design or intended use of the laser or laser system ensures personnel exposures of

less than 104s in any 24-hour period, the limiting exposure duration may establish a higher

exempt power level, as discussed in 3.2.3.

$# See 3.3.2.1 for explanation of Class 2a laser,
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§ For 1 to 5 mW cw laser systems (Class 3a) see 3.3.3.1 and 3.3.3.2.

¥ 1 For laser not intended to be viewed.

Note: The wavelength range A to & means A<A<&, eg, 018 to 04 ym means
0.18< A0 4m,

8 3 # 4

Accesssible Emission Levels(Radiant Energy)

for Single-Pulsed Laser and Laser System Classification*

Wavelength Emisgion Class3 Class 4
Range Duration Classl (J)
(m) (s) (J) (J)
Ultraviolet
0.18 to 0.302' 107 to 0.25 <24X%x10° >Class 1 but<0.125 > 0.125
0.302 to 04 10° <24x10° > Class 1 but<0.125 > 0.125
to
0.25 <31x10? > Class 1 but<0.125 »0.125
Visible
04 to 0.7 10° <02x10° > Class 1 but<0.03 > 003
to
0.25 <025%10® » Class 1 but<0.03 003
Near Infrared
04 to 0.7 10° <02X10° to 2%x10° > Class 1 but<0,03Ca > 0.03Ca
to
0.25 <025%x10% to 125%x10%| ) Class 1 but<0.03Ca > 0.03Ca
105 to 14 107 <2Xx10° A > Class 1 but<0.15 >015
to
0.25 <1.25%x10? > Class 1 but<0.15 >015
Far Infrared
14 to 107 10° <80x10* > Class 1 but<0,125 > 0.125
to <32x10° > Class 1 but<0,125 > 0.125
0.25
Submillimeter
10° to 10° 10°t03 x 107 <10X%X10-3 to 0.125 >Class 1 but<0,125 >0.125
3 X
10°t00.25 <0125 to 04 >Class 1

*  There are mo Class 2 single-pulsed lasers.
** See Note in Section 8 for pulse widths less than 1 ns,

t Wavelength dependent (see Table 5).
Note : The wavelength range A to A& means A<A{Akeg., 018 to 04 m means 0.18<A04m.
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