
SAND REPORT 
 

SAND2004-6183 
Unlimited Release 
Printed October 2004 
 
 
Laser Hazard Analysis For LASIRISTM Model 
MAG-501L-670M-1000-45o-K Diode Laser 
Associated With High Resolution Pulsed 
Scanner 
 

Arnold L. Augustoni 
 

 
Prepared by 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 and Livermore, California  94550 
 
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United States 
Department of Energy's National Nuclear Security Administration under contract DE-AC04-94AL85000. 
 
 
Approved for public release; further dissemination unlimited. 
 
 
 

 



2 

 
Issued by Sandia National Laboratories, operated for the United 
States Department of Energy by Sandia Corporation. 

NOTICE:  This report was prepared as an account of work sponsored by 
an agency of the United States Government.  Neither the United States 
Government, nor any agency thereof, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, make any warranty, 
express or implied, or assume any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represent that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government, any agency thereof, or any of their 
contractors or subcontractors.  The views and opinions expressed herein do 
not necessarily state or reflect those of the United States Government, any 
agency thereof, or any of their contractors. 
 
Printed in the United States of America. This report has been reproduced 
directly from the best available copy. 
 
Available to DOE and DOE contractors from 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN  37831 
 
Telephone: (865)576-8401 
Facsimile: (865)576-5728 
E-Mail: reports@adonis.osti.gov 
Online ordering:  http://www.doe.gov/bridge 
 

 
 
Available to the public from 

U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Rd 
Springfield, VA  22161 
 
Telephone: (800)553-6847 
Facsimile: (703)605-6900 
E-Mail: orders@ntis.fedworld.gov 
Online order:  http://www.ntis.gov/ordering.htm 

 
 

 
 

mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov


3 

 
SAND2004-6183 
Unlimited Release 

Printed November 2004 
 
 
 

Laser Hazard Analysis  
For LASIRISTM Model MAG-501L-670M-
1000-45o-K Diode Laser Associated With 

High Resolution Pulsed Scanner 
 

 
 

Arnold L. Augustoni 
Lasers, Optics & Remote Sensing Department 

Sandia National Laboratories 
P.O. Box 5800 

Albuquerque, NM 87185-1423 
 
 
 

Abstract 
 

A laser hazard analysis and safety assessment was performed for the LASIRISTM 

Model MAG-501L-670M-1000-45o-K diode laser associated with the High 
Resolution Pulse Scanner based on the ANSI Standard Z136.1-2000, American 
National Standard for the Safe Use of Lasers and the ANSI Standard Z136.6-
2000, American National Standard for the Safe Use of Lasers Outdoors.  The 
laser was evaluated for both indoor and outdoor use. 
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Summary 
 
During the initial (CW laser operation) setup phase personnel exposed to the 
LASIRISTM Model MAG-501L-670M-1000-45o-K diode laser output are required 
to wear laser safety eyewear of at least OD 2.88. 
 
The LASIRISTM Model MAG-501L-670M-1000-45o-K is provided with a 45-
degree fan angle optic set installed; although, other fan angle optic sets are 
available.  
  
The eye safe distances (as a function of the fan angle) for the initial (CW 
operation) setup phase are: 
 

 NOHD versus Fan Angle 
� 

(degrees) 
NOHD 
(meters) 

15 16.09 
30 8.05 
45 5.37 
60 4.02 

 
For the Normal (pulsed) operation of the LASIRISTM Model MAG-501L-670M-
1000-45o-K diode laser, with a 45-degree fan angle optic set installed and with a 
60-centimeter engineering barrier, the only allowable exposure of the two pulse 
exposures is: 
 

 1-microsecond pulse @ 30 hertz.   
 
Other allowable operational parameters for the diode laser as a function of the 
various fan angles are: 
 

Fan Angle Eye Safe Operation 
PRF 
(Hz) 

sec1 μ  sec10 μ  

30 o30  - 
30 o45  - 
30 o60  o60  
   

60 o45  - 
 
Outdoor Operation in Navigable Air Space 
 
Under worst case conditions for the pulse operation, the laser must be greater than 
18,501 meters from the center on the airport run ways for unobstructed, line-of-
sight, view to the visual interference zones.
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High Resolution Pulsed Scanner 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 
 

Schematic of the diode laser output geometry 
 
 
 
 
 
 
 

I. Introduction 
 
The LASIRISTM Model MAG-501L-670M-1000-45o-K diode laser is provided 
with a 45-degree fan angle optic set installed.  Other fan angle optical sets for: 15, 
30, 60 degrees are available for installation on the LASIRISTM Magnum Series 
diode lasers incorporated in the high-resolution pulse scanner.  Whereas; the 
pulsed mode is the typical mode of operation for the high-resolution pulsed 
scanner diode laser, the initial setup requires the laser to be operated in the CW 
mode of operation. 
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II. Laser Parameters 

 
 

LASIRISTM 
Model: MAG-501L-670M-1000-45o-K 

Laser Hazard Class: 3b 
  

Radiant Wavelength: 671.2 nm 
Radiant Output: 750 mw (after the fan angle optic set) 
Pulse Exposure: 1 �s or 10 �s (computer selectable) 

Pulse Repetition Rate: 30 Hz or 60 Hz 
Line Width: Adjustable at various locations from the laser 

Fan Angle Optic Sets: 15, 30, 45, 60 degrees 
 
 
 
 

III. Hazard Analysis 
 

This laser hazard analysis is presented in two parts.  Part (1) addresses the CW 
operation of the diode lasers during initial system set.  Part (2) addresses the 
pulsed operation of the diode laser typical to the normal operation of the pulsed 
scanner. 

 
A. MPE Determination 

 
The determination methods for the appropriate Maximum Permissible 
Exposure (MPE) of the two primary modes of operation of the laser diode are 
presented as follows. 
 
1. CW Operation (Initial Set Up) 

 
The MPE for lasers in the visible portion of the spectrum is presented in 
Table 5a of the current ANSI standard. 
 
 

2
375.0

1 108.1
cm

JtMPErule
−×⋅=            ANSI Std. Z136.1-2000 (Table 5a) 

nmnm 700400 ≤≤ λ  
sec10sec1018 6 ≤≤× − t  

 
 
The appropriate exposure duration (t) for Laser Hazard Class 2 “blink” 
response is given as a quarter second [ANSI Std. Z136.1-2000 (Table 4a)]. 
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sec25.0=T                                                  nmnm 700400 ≤≤ λ  
 
 
 

2
375.0

1 108.1
cm

JTMPErule
−×⋅=  

 
The MPE in terms of CW watts per square centimeters can be expressed as 
follows. 

 

sec

108.1 2
375.0

T
cm

JT
MPECW

−×⋅
=  

 

2
325.0 108.1

cm
wTMPECW

−− ×⋅=  

 
 
 

The Class 2 MPE for the “blink” response: 
 

2
325.0 10)25.0(8.1

cm
wMPECW

−− ×⋅=  

 

2
31055.2

cm
wMPECW

−×=  

 
 
 
 

2. Pulsed Operation (Typical) 
 

The appropriate MPE for a pulsed laser is the smallest value MPE determined by 
the application of ANSI Rule 1 through ANSI Rule 3 [ANSI Std. Z136.1-2000 
(8.2.3)]. 

 
( )32 ,,min rulerulerule MPEMPEMPEMPE =  

 
The allowed exposure durations for the pulsed operation of the laser diode are: 

 
(a) 1 microsecond 
(b) 10 microsecond 
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(a) 1-microsecond MPE Determination 

 
 

Rule 1: Single Pulse MPE 
 

The form of the single pulse MPE is presented in: ANSI Std. Z136.1-2000 (Table 
5a) and is a function of the single pulse exposure. 

 

2
375.0

1 108.1
cm

JtMPErule
−×⋅=                  nmnm 700400 ≤≤ λ   

sec10sec1018 6 ≤≤× − t  
 
 

There are two primary pulse exposures: (a) 1-microsecond, and (b) 10- 
microseconds. 

 
(a) sec1 μ=t  
 

( ) 2
375.06

1 10108.1
cm

JMPErule
−− ×⋅=  

 

2
9

1 109.56
cm

JMPErule
−×=  

 
(b) sec10 μ=t  
 

( ) 2
375.06

1 1010108.1
cm

JMPErule
−− ××⋅=  

 

2
9

1 10320
cm

JMPErule
−×=  

 
 
 

Table 1 
 

Single Pulse MPE 
 

Exposure 
(Second) 

MPErule1 
(J/cm2) 

1 �sec 9109.56 −×  
10 �sec 910320 −×  
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Rule 2: 
 

The average power MPE for thermal and photochemical hazards [ANSI Std. 
Z136.1-2000 (8.2.3 – Rule 2)] is expressed as: 

 

PRF

MPE
MPE CW

rule =2  

 
 

2
310

cm
wMPECW

−=                  ANSI Std. Z136.1-2000 (Table 5a)  

nmnm 700500 ≤≤ λ  

sec1030sec10 3×≤< t  
 
(a) For HzPRF 30= : 
 

1

2
3

2 sec30

10

−

−

= cm
w

MPErule  

 
 

2
6

2 103.33
cm

JMPErule
−×=  

 
 

(b) For HzPRF 60= : 
 

1

2
3

2 sec60

10

−

−

= cm
w

MPErule  

 

2
6

2 107.16
cm

JMPErule
−×=  

 
 
 

Table 2 
 

Average Power Pulse MPE 
 

PRF 
( 1sec− ) 

MPErule1 
(J/cm2) 

30 6103.33 −×  
60 6107.16 −×  

 



11 

 
 
 

Rule 3: 
 

The multiple-pulse MPE for thermal hazard is the product of the single pulse 
MPE and a Multiple Pulse Correction Factor ( pC ) [ANSI Std. Z136.1-2000 

(8.2.3 – Rule 3)]. 
 

13 ruleprule MPECMPE ⋅=  

 
 

The multiple-pulse correction factor is a function of the number of pulses (n) in 
the exposure [ANSI Std. Z136.1-2000 (Table 6)]. 

 
25.0−= nCp  

 
The number of pulses in the exposure is the product of the PRF and standard 
exposure duration. 

 
 

TPRFn ⋅=  
 

The standard exposure for the “blink response” (Class 2 Laser Hazard) is given as 
a quarter second [ANSI Std. Z136.1-2000 (Table 4a)]. 

 
 
(a) For HzPRF 30= : 
 

( ) ( ) 5.7sec25.0sec30 1 =⋅= −n  
 

8=n   
 

Fractional pulse counts are rounded up to the next integer pulse count. 
 
 

(b) For HzPRF 60= : 
 

( ) ( )sec25.0sec60 1 ⋅= −n  
 

15=n   
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The Multiple Pulse Correction Factor is given in ANSI Std. Z136.1-2000 (Table 
6).  

 
25.0−= nCp  

 
The multiple pulse correction factors for the two PRF operations are as follows: 
 

(a) For n=8: 
 

( ) 595.08 25.0
30@ == −

HzpC  

 
 

(b) For n=15: 
 

( ) 508.015 25.0
60@ == −

HzpC  

 
 
 

Table 3 
 

Multiple Pulse Correction Factor 
 

PRF 
( 1sec− ) 

n 
pC  

30 8 0.595 
60 15 0.508 

 
 
 
 

13 ruleprule MPECMPE ⋅=  

 
 

 
For { sec1&30 μ== tHzPRF }: 

 

( ) ( ) 2
9

3 109.56595.0
cm

JMPErule
−×⋅=  

 

( ) 2
9

1303 109.33
cm

JMPE sHzrule
−

− ×=μ   
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For { sec10&30 μ== tHzPRF }: 
 
 

( ) ( ) 2
9

3 10320595.0
cm

JMPErule
−×⋅=  

 

( ) 2
9

10303 10190
cm

JMPE sHzrule
−

− ×=μ   

 
 

For { sec1&60 μ== tHzPRF }: 
 

( ) ( ) 2
9

3 109.56508.0
cm

JMPErule
−×⋅=  

 

( ) 2
9

1603 109.28
cm

JMPE sHzrule
−

− ×=μ  

 
 

For { sec10&60 μ== tHzPRF }: 
 

( ) ( ) 2
9

3 10320508.0
cm

JMPErule
−×⋅=  

 

( ) 2
9

10603 10163
cm

JMPE sHzrule
−

− ×=μ  

 
 
 
 

Table 4 
  

Multiple-Pulse MPE 
 

PRF 
( 1sec− ) 

sec1 μ  sec10 μ  

30 29109.33 cmJ−×  2910190 cmJ−×  

60 29109.28 cmJ−×  2910163 cmJ−×  
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Table 5 
 

Appropriate MPE Determination 
 
 

Mode ANSI 
Rule 

t 
(Second) 

PRF 
( )1sec−  

MPE 
 

Note 

      
CW CW 0.25 N/A 231055.2 cmw−×  Appropriate

      
Pulse 1 6101 −×  Single 29109.56 cmJ−×   

 2 0.25 30 26103.33 cmJ−×   

 3 6101 −×  30 29109.33 cmJ−×  Appropriate

      
Pulse 1 61010 −×  Single 2910320 cmJ−×   

 2 0.25 30 26103.33 cmJ−×   

 3 61010 −×  30 2910190 cmJ−×  Appropriate

      
Pulse 1 6101 −×  Single 29109.56 cmJ−×   

 2 0.25 60 26107.16 cmJ−×   

 3 6101 −×  60 29109.28 cmJ−×  Appropriate

      
Pulse 1 61010 −×  Single 2910320 cmJ−×   

 2 0.25 60 26107.16 cmJ−×   

 3 61010 −×  60 2910163 cmJ−×  Appropriate
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Table 6 
 

Summary of Appropriate MPE  
 
 

Mode t 
(Second) 

PRF 
( )1sec−  

MPE 
 

    
CW 0.25 N/A 231055.2 cmw−×  

    
Pulse 6101 −×  30 29109.33 cmJ−×  

    
Pulse 61010 −×  30 2910190 cmJ−×  

    
Pulse 6101 −×  60 29109.28 cmJ−×  

    
Pulse 61010 −×  60 2910163 cmJ−×  

 
 

 
 
 
B Allowable Emission/Exposure Limit 
 
The Allowable Emission/Exposure Limit (AEL) is the product of the appropriate 
MPE and the area of the limiting aperture [ANSI Std. Z136.1-2000 (3.2.3.4.1 (2))]. 
 

limAMPEAEL ⋅=  
 

Class 2 AEL (visible lasers only) 
 

limsec25.02 AMPEAELClass ⋅=  

 
The limiting aperture is given as: 7 mm [ANSI Std. Z136.1-2000 (Table 8)]. 
 

( )2sec25.0 7.0
4

2 cmMPEAELClass
π
⋅=  

 
 

( ) sec25.0
2385.02 MPEcmAELClass ⋅=  



16 

 
 
 
 
 

Table 7 
 

Summary of Appropriate Class 2 AEL  
 
 
 

Mode 
 
t 

(Second) 

 
PRF 
( )1sec−  

 
MPE 

 

 
AEL 

     
CW 0.25 N/A 231055.2 cmw−×  w610982 −×  

     
Pulse 6101 −×  30 29109.33 cmJ−× J9101.13 −×  

     
Pulse 61010 −×  30 2910190 cmJ−×  J9102.73 −×  

     
Pulse 6101 −×  60 29109.28 cmJ−×  J9101.11 −×  

     
Pulse 61010 −×  60 2910163 cmJ−×  J9108.62 −×  

 
 
 
C. Minimum Optical Density 
 
The minimum optical density ( minOD ) of the laser safety eyewear is calculated 
as for the CW mode of operation (worst case). 
 
 

⎥
⎦

⎤
⎢
⎣

⎡ Φ
=

CWAELClass
OD

2
log10min  

 
 

⎥
⎦

⎤
⎢
⎣

⎡
×
×

= −

−

w

w
OD

6

3

10min 10982

10750
log  

 
88.2min =OD  
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D. Nominal Ocular Hazard Distance 
 

The Nominal Ocular Hazard Distance (NOHD) is the line-of-sight distance 
from the laser at which the ocular exposure is considered eye safe. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. CW Hazard Analysis 
 
 
The initial setup for the High Resolution Scanner requires the LASIRISTM diode 
laser to be operated CW.  This is the most hazardous condition for the laser 
scanner operation.  
 
 
Irradiance (Power Density) 
 
The irradiance (E), also referred to as the “power density”, is the average 
radiant power ( )Φ  per unit area ( )A .  The average irradiance is assumed to be 
uniform over the affected area and can be expressed as follows. 

 

A
E

Φ
=  
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The beam area (A) is the product of the fan arc (S) and the beam width (w). 
 

SwA ⋅=  
 
The fan arc can be expressed as a function of the fan angle, in radians (θ ) and the 
radial distance (R). 
 

RS ⋅= θ  
 

RwA ⋅⋅= θ  
 
 

The average irradiance (E) can be expressed as the radiant power distributed over 
the beam area. 

 

Rw
E

⋅⋅
Φ

=
θ

 

 
Where; 

E : Irradiance ( )2cmwatts  a.k.a. Power Density 

Φ : Radiant power ( )watts  

w : Beam width (defined as 0.7 cm) 
θ : Fan Angle (in radians) 
R : Radial distance (in centimeters) 

 
 
 

Nominal Ocular Hazard Distance (NOHD) can be defined as the radial distance 
from the laser where the average irradiance ( NOHDE ) is equaled to the Class 2 

MPE (page 8). 
 

2ClassNOHD MPEE =  

 
 

2
325.0 108.1

cm
wattsT

Rw NOHD

−− ×⋅=
⋅⋅
Φ

θ
 

 
 

( )2
325.0 108.1

cm
wattsTw

RNOHD
−− ×⋅⋅⋅

Φ
=

θ
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Evaluation of the radial NOHD (CW Operation) 
 
For beam dimensions less than or equal to 7 mm the beam width used is defined 
to be 7 mm [ANSI Std. Z136.1-2000 (9.2.2.1 – 3rd paragraph)]. 
 
 
 

( ) ( )( )2
325.0

3

1025.08.1
180

7.0

10750

cm
wattscm

watts
RNOHD

−−

−

×⋅⋅⎟
⎠
⎞

⎜
⎝
⎛⋅⋅

×
=

o

πθ
 

 
 
 
The radial NOHD (as a function of the fan angle) can be expressed as follows: 
 

 

θ
cm

RNOHD

116,24
=  

 
 
 
Where θ  is in degrees. 
 
 

Table 8 
 

NOHD versus Fan Angle 
 

� 
(degrees) 

NOHD 
(cm) 

NOHD 
(meters) 

15 1608 16.08 
30 804 8.04 
45 536 5.36 
60 402 4.02 
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2. Pulse Operation 
 
The average radiant exposure (H), also referred to as the energy density, is the 
average radiant pulse energy (Q) distributed over the beam area (A). 
 
 

A

Q
H =  

 
 
The average radiant energy can be expressed at the product of the radiant power 
and the exposure duration. 
 
 

tQ ⋅Φ=  
 
 
The average radiant exposure can then be expressed as. 
 
 

A

t
H

⋅Φ
=  

 
 
 
The radial NOHD for the pulsed operation can likewise be expressed as the radial 
distance where the average radiant exposure is equaled to the appropriate MPE for 
a Class 2 laser exposure. 
 

 

2ClassNOHD MPEH =  

 
 

( ) ( )2
375.025.0 108.125.0

cm
JtPRF

Rw

t

NOHD

−− ×⋅⋅⋅=
⋅⋅
⋅Φ

θ
 

 
 

( ) ( )2
375.025.0 108.125.0

180 cm
JtPRFw

t
RNOHD

−− ×⋅⋅⋅⋅⎟
⎠
⎞

⎜
⎝
⎛⋅⋅

⋅Φ
=

πθ
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For { HzPRF 30= }, the NOHD is: 
 
 

( )
( ) ( ) ( )2

375.025.01

3

108.1sec30sec25.0
180

7.0

10750

cm
Jtcm

twatts
RNOHD

−−−

−

×⋅⋅⋅⋅⎟
⎠
⎞

⎜
⎝
⎛⋅⋅

⋅×
=

πθ

 
 
 

( )
( )

cm
Jt

twatts
RNOHD

375.0 108.1

102

−×⋅⋅

⋅
=
θ

 

 
 

( )
cm

t
RNOHD θ

25.03104.56 ⋅×
=  

 
 
 
 
 

Table 9 
 

NOHD (@ 30 Hz) Function of Fan Angle & Time 
 
 
 sec1 μ  sec10 μ  
o15  cm119  cm212  
o30  cm5.59  cm106  
o45  cm7.39  cm5.70  
o60  cm7.29  cm9.52  

 
Note: Shaded NOHD values are outside the physical barrier (60 cm).
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For { HzPRF 60= }: 
 
 

( )
( ) ( ) ( )2

375.025.01

3

108.1sec60sec25.0
180

7.0

10750

cm
Jtcm

twatts
RNOHD

−−−

−

×⋅⋅⋅⋅⎟
⎠
⎞

⎜
⎝
⎛⋅⋅

⋅×
=

πθ

 
 

 

( )
cm

t
RNOHD θ

25.03101.67 ⋅×
=  

 
 
 
 
 

Table 10 
 

NOHD (@ 60 Hz) Function of Fan Angle & Time 
 
 
 sec1 μ  sec10 μ  
o15  cm141  cm252  
o30  cm7.70  cm126  
o45  cm2.47  cm9.83  
o60  cm4.35  cm9.62  

 
Note: Shaded NOHD values are outside the physical barrier (60 cm). 
 
 
 
 

IV.  Outdoor Operation 
 
The outdoor operation of visible lasers, such as the LASIRISTM Model MAG-
501L-670M-1000-45o-K, are governed by the following standards: ANSI Std. 
Z136.6-2000, American National Standard for the Safe Use of Laser Outdoors 
and the FAA Order 7400.2E, Chapter 29: Outdoor Laser Operations. 
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Laser Use in Navigable Air Space 
 

The use of visible lasers in navigable air space (NAS) has the potential to distract 
the pilot, disrupt critical flight crew activities, disorient the pilot or flight crew 
and in the extreme, incapacitate the pilot.  The radiant output wavelength of the 
LASIRISTM Model MAG-501L-670M-1000-45o-K diode laser is in the visible 
part of the spectrum as defined by ANSI Std. Z136.1-2000*, ANSI Std. Z136.6-
2000†, and FAA Order 7400.2E Chapter 29* and may pose a visual interference 
(distraction, disruption, or disorientation) concern for aircrews in NAS.  Startle, 
dazzle, glare and flashblindness concerns apply only to visible light. The Visual 
Interference Distances (VID) such as: the Sensitive Zone Exposure Distance 
(SZED) (CZED) and the Critical Zone Exposure Distances and the Laser Free 
Zone Distance (LFZD) are the various distances the laser must be from the 
boundaries of the respective visual interference zones (VIZ).  The laser 
irradiance or radiant exposure at these boundaries must be no greater than the 
visual interference zones threshold levels.  These distances should be evaluated to 
prevent the LASIRIS laser from presenting a visual interference hazard in 
navigable air space. 
 
*Visible: 400 nm ≤  � ≤  700 nm, 
†Visible: 380 nm ≤  � ≤  780 nm 
 
 
A. Flight Hazard Distance  

 
The Flight Hazard Distances (FHD) are the distances from laser to where the 
irradiance/radiant exposure limits defines the boundary of the various hazard and 
visual interference zones. 

 
1. Normal Flight Zone  

 
The Normal Flight Zone (NFZ) is all the air space about the laser that is not 
included in any of the visual interference zones.  In the Normal Flight Zone the 
boundary of the Ocular Hazard Zone (distance from the laser over which an 
ocular hazard exists) is defined as the NOHD.  The irradiance/radiant exposure at 
this boundary is defined to be the ocular MPE. Ocular exposure at or greater than 
this distance would present no more than a Class 1 Laser hazard to invisible laser 
light and a Class 2 Laser hazard* to visible laser light. Although considered “eye 
safe”, visible laser light can still present startle and glare concerns to flight crews, 
which could lead to distraction, disruption or disorientation.   

 
*Note:  There are no Class 2 single pulse lasers [ANSI Std.Z136.1-2000 (Table 2)]. Class 2 applies 
to CW or multiple pulse visible lasers only. 
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2. Sensitive Zone 
 

The Sensitive Zone (SZ) is the air space (including the ground) where exposure to 
visible laser light would interfere with critical tasks but does not jeopardize 
safety [ANSI Std. Z136.6-2000 (4.7.2.1)].  The visual interference levels are 
presented in ANSI Standard Z136.6-2000 (Table 5).   

 
The sensitive zone about the vicinity of an airport is established at the discretion 
of the local FAA authority [ANSI Std. Z136.6-2000 (page 43 note to figure 6)]. 

 
The radiant exposure (HSZ) limit for the sensitive zone is given as: 

 
ANSI Std. Z136.6-2000 (Table 5) 

2
61025

cm
JHSZ

−×=                                                    nmnm 780380 ≤≤ λ  

sec25.0max ≤T  

 
 

The irradiance (ESZ) limit for the sensitive zone is given as: 
 

ANSI Std. Z136.6-2000 (Table 5) 

2
610100

cm
wESZ

−×=                                                  nmnm 780380 ≤≤ λ  

sec25.0max ≤T  

 
The laser radiant exposure / irradiance must not exceed these limits anywhere 
within the sensitive zone. 
 
 
3. Critical Zone  

 
The Critical Zone (CZ) is the ground and air space where “laser caused” visual 
interference with critical tasks would jeopardize the safe accomplishment of the 
task [ANSI Std. Z136.6-2000 (4.7.2.2)].  
 
The CZ extends from the ground level to the height of 10-thousand feet above 
ground level (AGL) and out to a radial distance of ten Nautical Miles (18.5 km) 
from the center of the airport runways, and includes the Laser Free Zone (LFZ). 

 
The radiant exposure (HCZ) limit for the critical zone is given as: 

 
ANSI Std. Z136.6-2000 (Table 5) 

2
61025.1

cm
JHCZ

−×=                                                 nmnm 780380 ≤≤ λ  

sec25.0max ≤T  
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The irradiance (ECZ) for the critical zone is given as: 

 
ANSI Std. Z136.6-2000 (Table 5) 

2
6100.5

cm
wECZ

−×=                                                   nmnm 780380 ≤≤ λ  

sec25.0max ≤T  

 
The laser radiant exposure / irradiance must not exceed these limits anywhere 
within the critical zone. 

 
 
 

4. Laser–Free Zone 
 

The Laser-Free Zone (LFZ) is the ground and air space where visual interference 
would be very serious and might prevent the accomplishment of critical tasks, 
such as aircraft operation about or around airports [ANSI Std. Z136.6-2000 
(4.7.2.3)].  
 
The LFZ extends from the ground level to two–thousand feet AGL and out to 
two-Nautical miles (3.7 km) from the airport runway center line and out to 5 
Nautical miles (9.2 km) along the approach path from the edge of the runway. 

 
The radiant exposure (HLFZ) limit for the laser-free zone is given as: 

 
ANSI Std. Z136.6-2000 (Table 5) 

2
9105.12

cm
JH LFZ

−×=                                               nmnm 780380 ≤≤ λ  

sec25.0max ≤T  

 
 

The irradiance (ELFZ) limit for the laser-free zone is given as: 
 

ANSI Std. Z136.6-2000 (Table 5) 

2
91050

cm
wELFZ

−×=                                                  nmnm 780380 ≤≤ λ  

sec25.0max ≤T  

 
The laser radiant exposure / irradiance must not exceed these limits anywhere 
within the laser free zone. 
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B. Evaluation of the Laser Separation Distances from the Visual Interference 

Zones 
 
1. CW Operation 
 
Similar to the Nominal Ocular Hazard Distance (NOHD) determination (page 18) 
the Flight Hazard Distances (FHD) can be defined as the radial distance from the 
laser where the average irradiance ( FHDE ) is equaled to the specific visual 

interference zone levels ( VIZE ). 

 

VIZFHD EE =  

 
 
Effective Irradiance 
 
The irradiance levels (measured or calculated) must be multiplied by the photopic 
luminous efficiency coefficient obtained from Table 1: Photopic Luminous 
Efficiency Function ( )(λV ) (ANSI Std. Z136.6-2000, page 31) in order to correct 
for visual sensitivity of the human eye [ANSI Std. Z136.6-2000 (Table 5: Visual 
Interference Levels – notes)]. 

 

lasereff EVE ⋅= )(λ  

 
The laser irradiance ( laserE ) can be expressed as the laser beam power distributed 

over the laser beam area (assuming a uniform distribution). 
 

FHD
laser Rw

E
⋅⋅
Φ

=
θ

 

 
The effective (laser) irradiance at the boundary of the visual interference zone 
distances can be expressed as: 

 

VIZ
FHD

eff E
Rw

VE =
⋅⋅
Φ

⋅=
θ

λ)(  

 
For the LASIRIS laser ( nm2.671=λ ) the Photopic luminous efficiency 
coefficient is: 

 
0321.0~)2.671( nmV                   ANSI Std. Z136.6-2000 (Table 1) 
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( ) VIZ
FHD

eff E
Rw

E =×
⋅⋅
Φ

= −3101.32
θ  

 
 
The beam width (in the axis not affected by the fan angle optic) will expand as a 
function of distance from the laser. 
 
 

( )FHDexit Rww ⋅+= φ  

 
Where; 

w : Beam width – not in fan angle axis (in centimeters) 

exitw : Beam width at exit (in centimeters) 

φ : Expansion angle (in radians) 

FHDR : Flight hazard distance from the laser (in centimeters) 

 
 
The beam width (w) or “line width” at distances after the focal distance ( focusR ) 

can be expressed as: 
 

( )focusFHDfocus RRww −⋅+= φ  

 
 
The “focusing” and “projection distance” parameters are given in the “on-line” 
specifications for the LASIRIS Magnum Lasers.   
 
 
The focusing angle (φ ), which is also the expansion angle after beam waist 
distance can be estimated from the ratio of the difference in “line thickness” ( wΔ ) 
to the difference in “projection distance” ( RΔ ) given in the “Focusing and Depth-
Of-Field Performance” charts for the LASIRIS Magnum Series diode lasers. 
 

R

w

Δ
Δ

≈φ  

 

mm

mm

24

10600101200 66

−
×−×

≈
−−

φ  

 
 

m

m

2

10600 6−×
≈φ  
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radians610300 −×≈φ  
 

 
Continuing to develop the relationship from page 26: 

 
 

( )
( )[ ] VIZ

FHDfocusFHDfocus

E
RRRw

=
⋅⋅−⋅+

×⋅Φ −

θφ

3101.32
 

 
 

( )
( ) ( ) ( ) ( )

VIZ

FHDFHDfocusFHDfocus

E
RRRRw

=
⋅⋅+⋅⋅⋅−⋅⋅

×⋅Φ −

2

3101.32

θφθφθ
 

 
 

( )
( ) ( ) ( )2

3101.32

FHDFHDfocusfocus

VIZ

RRRw
E

⋅⋅+⋅⋅⋅−

×⋅Φ
=

−

θφθφ
 

 
 

( ) ( ) ( ) ( )
VIZ

FHDFHDfocusfocus E
RRRw

3
2 101.32 −×⋅Φ
=⋅⋅+⋅⋅⋅− θφθφ  

 
 

The FHZ distance can be calculated from this second order quadratic equation. 
 

 

( ) [ ] ( ) [ ] ( )
0

101.32 3
2 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ ×⋅Φ
−⋅⋅⋅−+⋅⋅

−

VIZ
FHDfocusfocusFHD E

RRwR θφθφ  

 
 

The line width ( focusw ) at a distance of four meters is given in the data sheet for 

the LASIRIS Magnum Series diode lasers as 1.2 millimeters.  
 
 
Incorporating the LASIRIS Model MAG-501L-670M-1000-45o-K parameters; 
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The FHD distance from the laser for each FHZ boundary can be calculated for the 
LASIRIS Model MAG-501L-670M-1000-45o-K by solving the second order 
quadratic equation as follows: 

 
 

( ) [ ] ( ) [ ] 0
101.24

180
12.012.01024.5

3
26 =⎟⎟

⎠

⎞
⎜⎜
⎝
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−⋅⋅⋅−+⋅⋅×

−
−
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FHDFHD E

watts
RcmcmR

o

πθθ  
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101.24

01024.5
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−
−
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FHDFHD E

watts
RR θθ  

 
 

[ ] ( ) 0
101.24

1024.5
3

26 =⎥
⎦

⎤
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⎣

⎡ ×
−⋅⋅×

−
−

VIZ
FHD E

watts
Rθ  
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VIZ

FHD E

watts
R
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26 101.24

1024.5
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( )
[ ] VIZ

FHD

E

watts
R

⋅⋅×

×
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−

−

θ6

3
2

1024.5

101.24
 

 
 

VIZ

FHD
E

watts
R

⋅

×
=

θ

31059.4
 

 
 
 
(a) Sensitive Zone (SZ) Separation Distance 
 

The minimum distance that the (LASIRIS) laser must be from the boundary of 
the sensitive zone ( SZR ) can be determined as follows. 

 



30 

SZ

SZ
E

watts
R

⋅

×
=

θ

31059.4
 

 
 

 

( ) θ⋅×

×
=

−
2

6

3

10100

1059.4

cm
watts

watts
RSZ  

 
 

θ

26109.45 cm
RSZ

×
=  

 
 
Table 11 presents the minimum distance the (LASIRIS) laser must be from the 
boundary of the sensitive zone. 
 

 
Table 11  

 
Laser Separation Distances from the Boundary of the 

Sensitive Zone as a Function of Fan Angle 
 

Fan Angle 
(degrees) 

SZR  

(meters) 
15 17.5 
30 12.4 
45 10.1 
60 8.75 

 
 
 

(b) Critical Zone (CZ) Separation Distance 
 

The minimum distance that the (LASIRIS) laser must be from the critical zone 
( CZR ) boundary can be determined as follows. 

 

CZ

CZ
E

watts
R

⋅

×
=

θ

31059.4
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( ) θ⋅×

×
=

−
2

6

3

105

1059.4

cm
watts

watts
RCZ  

 
 
 

θ

2610918 cm
RCZ

×
=  

 
 

Table 12 presents the minimum distance the (LASIRIS) laser must be from the 
boundary of the Critical Zone. 

 
 
 

Table 12  
 

Laser Separation Distances from the Boundary of the 
Critical Zone as a Function of Fan Angle 

 
Fan Angle 
(degrees) 

CZR  

(meters) 
15 78.2 
30 55.3 
45 45.2 
60 39.1 

 
 
 
 
 
(c) Laser Free Zone (LFZ) Separation Distance 
 

The minimum distance that the (LASIRIS) laser must be from the Laser Free 
Zone ( LFZR ) can be determined as follows. 

 
 

LFZ

LFZ
E

watts
R

⋅

×
=

θ

31059.4
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( ) θ⋅×

×
=

−
2

9

3

1050

1059.4

cm
watts

watts
RLFZ  

 
 

θ

29108.91 cm
RLFZ

×
=  

 
 

 
Table 13 presents the minimum distance the (LASIRIS) laser must be from the 
boundary of the Laser Free Zone. 
 

 
 

Table 13  
 

Laser Separation Distances from the Boundary of the 
Laser Free Zone Distances as a Function of Fan Angle 

 
Fan Angle 
(degrees) 

LFZR  
(meters) 

15 782 
30 553 
45 452 
60 391 

 
 
 
 
 

Table 14 summarizes the minimum distances the laser must be from the boundary of the 
various visual interference zones. 
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Table 14 

 
Summary of Laser Separation Distances from the Boundaries of the 

Flight Hazard and Visual Interference Zones for the CW Laser 
Operation 

 
 Normal Visual Interference Distance 
Fan Angle 
(degrees) 

NOHD 
(meters) 

SZ 
(meters) 

CZ 
(meters) 

LFZ 
(meters) 

15 16.1 17.5 78.2 782 
30 8.04 12.4 55.3 553 
45 5.35 10.1 45.2 452 
60 4.02 8.75 39.1 391 

 
 
2. Pulse Operation 
 
The typical operation of the LASIRISTM Model MAG-501L-670M-1000-45o-K is 
the “pulsed mode”.  Evaluation of the Flight Hazard Distances for pulsed 
operation is similar to the evaluation for the CW mode operation. 
 
The Flight Hazard Distance is that distance from the laser where the cross-section 
radiant exposure is equaled to the Flight Hazard Zone radiant exposure level. 
 

VIZFHD HH =  

 
Similar to the effective irradiance the effective radiant exposure ( effH ) is the 

product of the radiant exposure ( laserH ) and the Photopic Luminous Efficiency 

Function ( )(λV ). 
 

lasereff HVH ⋅= )(λ  

 
The radiant exposure as a function of the radial distance (R) can be expressed as: 

 

)()(
)(

Rw

Q

RA

Q
RHlaser ⋅⋅

==
θ

 

 
The effective radiant exposure is set equal to the radiant exposure ( VIZH ) at the 

boundary of the visual interference zone(s). 
 

VIZeff HH =  
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VIZ
FHD

H
Rw

Q
V =⎥

⎦

⎤
⎢
⎣

⎡
⋅⋅

⋅
θ

λ)(  

 
 

( )
VIZ

FHD

H
Rw

Q
=

⋅⋅
×⋅ −

θ

3101.32
 

 
 

For multiple-pulse visible lasers the appropriate radiant energy is the sum of the 
radiant pulse energy delivered in a quarter second exposure [ANSI Std. Z136.6-
2000 (8.2.3)]. 
 
 

( )PRFQQ o ×⋅= sec25.0  

 
 
The average radiant pulse energy output ( oQ ) of the LASIRISTM Model MAG-

501L-670M-1000-45o-K is the product of the radiant output power and the diode 
laser “on” duration and the number of pulses delivered in a quarter second. 

 
 

( ) ( )
VIZ

FHD

o H
Rw

PRFQ
=

⋅⋅
×⋅⋅× −

θ
sec25.0101.32 3

 

 
tVQo ⋅Φ⋅= )(λ  

 
( ) ( ) ( )

VIZ
FHD

H
Rw

PRFt
=

⋅⋅
⋅⋅×⋅⋅Φ −

θ
sec25.0101.32 3

 

 
 

( ) ( )
( )[ ] VIZ

FHDfocusFHDfocus

H
RRRw

PRFt
=

⋅⋅−⋅+

⋅×⋅⋅Φ −

θφ
sec1003.8 3

 

 
 

 
 
Similar to the CW evaluation, the expression for the pulsed operation minimum 
flight hazard and visual interference distances from the laser to the boundaries, of 
the various visual interference zones (VIZ) for pulsed operation is a second 
ordered quadratic equation (where angles are in radians).  See Appendix for the 
algebraic derivation. 
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The FHD that the laser must be from the boundary for each FHZ can be 
determined for the LASIRISTM Model MAG-501L-670M-1000-45o-K by solving 
the second order quadratic equation (where the fan angle is in degrees). 
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Hence: 
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The minimum range ( FHDR ) or FHD that the laser must be from the boundary of 
the visual interference zone (VIZ) can generally be expressed as: 
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FHD
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PRFtwatts
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(a) One-Microsecond Pulse @ 30 Hertz. 
 

(1) Sensitive Zone (SZ) Laser Separation Distance for: 1-Microsecond Pulse 
Exposure @ 30 hertz. 

 
The minimum distance that the (LASIRIS) laser pulsed scanner must be 
from the boundary of the Sensitive Zone ( SZR ) can be determined as 

follows. 
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In general, the distance the (LASIRIS) laser pulsed scanner must be from the 
boundary of the Sensitive Zone (SZ) as a function of the Fan Angle can be 
expressed as: 
 
 

θ
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Table 15 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Sensitive Zone (as a function of the fan angle) for: 
one-microsecond pulse exposure duration at a 30 hertz PRF. 

 
 
Table 15  
 

Laser Separation Distances from the Boundary of the 
Sensitive Zone as a Function of Fan Angle and  

1-Microsecond Pulse @ 30 Hertz 
 

Fan Angle 
(degrees) 

SZR  

(meters) 

NOHD 
(meters) 

15 0.10 1.19 
30 0.07 0.60 
45 0.06 0.40 
60 0.05 0.30 

NOTES: 
1. Shaded values are not applicable 
2. When the visual interference distance is less than the NOHD the NOHD takes 

precedence because the MPE takes precedence in this case [ANSI Std. Z136.6-
2000 (Table 5- notes)]. 

. 
 

(2) Critical Zone (CZ) Laser Separation Distance for: 1-Microsecond Pulse 
Exposure @ 30 hertz. 

 
The minimum distance that the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Critical Zone ( CZR ) can be determined as follows. 
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Table 16 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Critical Zone (as a function of the fan angle) for: one-
microsecond pulse exposure duration at a 30 hertz PRF. 

 
 

Table 16  
 

Laser Separation Distances from the Boundary of the 
Critical Zone as a Function of Fan Angle and 

 1-Microsecond Pulse @ 30 Hertz 
 

Fan Angle 
(degrees) 

CZR  

(meters) 

NOHD 
(meters) 

15 0.43 1.19 
30 0.30 0.60 
45 0.25 0.40 
60 0.21 0.30 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes 

precedence because the MPE takes precedence in this case [ANSI Std. Z136.6-
2000 (Table 5- notes)]. 

 
 
 

(3) Laser Free Zone (LFZ) Separation Distance for: 1-Microsecond Pulse 
Exposure @ 30 hertz. 

 
 

The minimum distance that the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Laser Free Zone ( LFZR ) can be determined as follows. 
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Table 17 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Laser Free Zone (as a function of the fan angle) for: 
one-microsecond pulse exposure duration at a 30 hertz PRF. 

 
 
 
 

Table 17 
 

Laser Separation Distances from the Boundary of 
the Laser Free Zone as a Function of Fan Angle and 

1-Microsecond Pulse @ 30 Hertz 
 

Fan Angle 
(degrees) 

LFZR  
(meters) 

NOHD 
(meters) 

15 23.9 1.19 
30 16.9 0.60 
45 13.8 0.40 
60 11.9 0.30 

NOTES: 
1. Shaded values are not applicable. 
 

 
 



40 

Table 18 presents a summary of the minimum distance the (LASIRIS) laser 
pulsed scanner must be from the boundary of the Laser Free Zone (as a 
function of the fan angle) for: one-microsecond pulse exposure duration at a 
30 hertz PRF. 
 

 
 

Table 18 
 

Summary of Laser Separation Distances from the Boundaries of 
the Flight Hazard and Visual Interference Zones for:  

1-Microsecond Pulse @ 30 Hertz 
 
 

 Normal Visual Interference Distance 
Fan Angle 
(degrees) 

NOHD 
(meters) 

SZ 
(meters) 

CZ 
(meters) 

LFZ 
(meters) 

15 1.19 0.096 0.43 23.9 
30 0.60 0.068 0.30 16.9 
45 0.40 0.055 0.25 13.8 
60 0.30 0.048 0.21 11.9 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes precedence 

because the MPE takes precedence in this case [ANSI Std. Z136.6-2000 (Table 5- notes)]. 
 

 
 
 
(b) Ten-Microsecond Pulse @ 30 Hertz. 

 
(1) Sensitive Zone (SZ) Laser Separation Distance for: 10-Microsecond Pulse 

Exposure @ 30 hertz. 
 

The distance from the (LASIRIS) laser pulsed scanner to the boundary of 
the Sensitive Zone ( SZR ) can be determined as follows. 
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Table 19 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Sensitive Zone (as a function of the fan angle) for: 
ten-microsecond pulse exposure duration at a 30 hertz PRF. 

 
 

Table 19  
 

Laser Separation Distances from the Boundary of 
the Sensitive Zone as a Function of Fan Angle and 

10-Microsecond Pulse @ 30 Hertz 
 

Fan Angle 
(degrees) 

SZR  

(meters) 

NOHD 
(meters) 

15 0.30 1.19 
30 0.21 0.60 
45 0.18 0.40 
60 0.15 0.30 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes 

precedence because the MPE takes precedence in this case [ANSI Std. Z136.6-
2000 (Table 5- notes)]. 
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(2) Critical Zone (CZ) Laser Separation Distance for: 10-Microsecond Pulse 

Exposure @ 30 hertz. 
 

The minimum distance from the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Critical Zone ( CZR ) can be determined as follows. 
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Table 20 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Critical Zone (as a function of the fan angle) for: ten-
microsecond pulse exposure duration at a 30 hertz PRF. 

 
 

Table 20  
 

Laser Separation Distances from the Boundary of 
the Critical Zone as a Function of Fan Angle and 

10-Microsecond Pulse @ 30 Hertz 
 

Fan Angle 
(degrees) 

CZR  

(meters) 
15 1.36 
30 0.96 
45 0.78 
60 0.68 
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(3) Laser Free Zone (LFZ) Laser Separation Distance for: 10-Microsecond 
Pulse Exposure @ 30 hertz. 

 
The minimum distance from the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Laser Free Zone ( LFZR ) can be determined as follows. 
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Table 21 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Laser Free Zone (as a function of the fan angle) for: 
ten-microsecond pulse exposure duration at a 30 hertz PRF. 

 
 

Table 21  
 

Laser Separation Distances from the Boundary of 
the Laser Free Zone as a Function of Fan Angle and 

10-Microsecond Pulse @ 30 Hertz 
 

Fan Angle 
(degrees) 

CZR  

(meters) 
15 13.6 
30 9.59 
45 7.83 
60 6.78 
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Table 22 presents a summary of the minimum distances the (LASIRIS) laser 
pulsed scanner must be from the boundaries of the Visual Interference 
Zones (as a function of the fan angle) for: ten-microsecond pulse at a 30 
hertz PRF. 
 
 

 
Table 22 

 
Summary of Laser Separation Distances from the Boundaries of 

the Flight Hazard and Visual Interference Zones for:  
10-Microsecond Pulse @ 30 Hertz 

 
 

 Normal Visual Interference Distance 
Fan Angle 
(degrees) 

NOHD 
(meters) 

SZ 
(meters) 

CZ 
(meters) 

LFZ 
(meters) 

15 1.19 0.30 1.36 13.6 
30 0.60 0.21 0.96 9.59 
45 0.40 0.18 0.78 7.83 
60 0.30 0.15 0.68 6.78 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes precedence 

because the MPE takes precedence in this case [ANSI Std. Z136.6-2000 (Table 5- notes)]. 
 

 
 
(c) One-Microsecond Pulse @ 60 Hertz. 

 
(1) Sensitive Zone (SZ) Laser Separation Distance for: 1-Microsecond Pulse 

Exposure @ 60 hertz. 
 

The minimum distance the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Sensitive Zone ( SZR ) can be determined as follows. 
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Table 23 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Sensitive Zone (as a function of the fan angle) for: 
one-microsecond pulse exposure duration at a 60 hertz PRF. 

 
 
Table 23  
 

Laser Separation Distances from the Boundary of the 
Sensitive Zone as a Function of Fan Angle and  

1-Microsecond Pulse @ 60 Hertz 
 

Fan Angle 
(degrees) 

SZR  

(meters) 

NOHD 
(meters) 

15 0.14 1.19 
30 0.10 0.60 
45 0.08 0.40 
60 0.07 0.30 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes 

precedence because the MPE takes precedence in this case [ANSI Std. Z136.6-
2000 (Table 5- notes)]. 
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(2) Critical Zone (CZ) Laser Separation Distance for: 1-Microsecond Pulse 
Exposure @ 60 hertz. 

 
The minimum distance from the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Critical Zone ( CZR ) can be determined as follows. 
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Table 24 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Critical Zone (as a function of the fan angle) for: one-
microsecond pulse exposure duration at a 60 hertz PRF. 

 
 

Table 24  
 

Laser Separation Distances from the Boundary of the Critical 
Zone as a Function of Fan Angle and  

1-Microsecond Pulse @ 60 Hertz 
 

Fan Angle 
(degrees) 

CZR  

(meters) 

NOHD 
(meters) 

15 0.61 1.19 
30 0.43 0.60 
45 0.35 0.40 
60 0.30 0.30 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes 

precedence because the MPE takes precedence in this case [ANSI Std. Z136.6-2000 
(Table 5- notes)]. 
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(3) Laser Free Zone (LFZ) Laser Separation Distance for: 1-Microsecond 
Pulse Exposure @ 60 hertz. 

 
The minimum distance the (LASIRIS) laser pulsed scanner to the boundary of 
the Laser Free Zone ( LFZR ) can be determined as follows. 
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Table 25 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Laser Free Zone (as a function of the fan angle) for: 
ten-microsecond pulse exposure duration at a 60 hertz PRF. 

 
 

Table 25  
 

Laser Separation Distance from the Boundary of 
the Laser Free Zone as a Function of Fan Angle 

and 1-Microsecond Pulse @ 60 Hertz 
 

Fan Angle 
(degrees) 

CZR  

(meters) 
15 6.07 
30 4.29 
45 3.50 
60 3.03 
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Table 26 presents a summary of the minimum distances the (LASIRIS) laser 
pulsed scanner must be from the boundaries of the various visual 
interference zones (as a function of the fan angle) for: One-microsecond 
pulse exposure duration at a 60 hertz PRF. 
 

 
 

Table 26 
 

Summary of Laser Separation Distances from the Boundaries of the 
Flight Hazard and Visual Interference Zones for:  

1-Microsecond Pulse @ 60 Hertz 
 
 

 Normal Visual Interference Distance 
Fan Angle 
(degrees) 

NOHD 
(meters) 

SZ 
(meters) 

CZ 
(meters) 

LFZ 
(meters) 

15 1.19 0.14 0.61 6.07 
30 0.60 0.10 0.43 4.29 
45 0.40 0.08 0.35 3.50 
60 0.30 0.07 0.30 3.03 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes precedence 

because the MPE takes precedence in this case [ANSI Std. Z136.6-2000 (Table 5- notes)]. 
 

 
 
 
(d) Ten-Microsecond Pulse @ 60 Hertz. 

 
(1) Sensitive Zone (SZ) Laser Separation Distance for: 10-Microsecond 

Pulse Exposure @ 60 hertz. 
 

The minimum distance the (LASIRIS) laser pulsed scanner must be 
from the boundary of the Sensitive Zone ( SZR ) can be determined as 

follows. 
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Table 27 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Sensitive Zone (as a function of the fan angle) for: 
ten-microsecond pulse exposure duration at a 60 hertz PRF. 

 
 
Table 27  

 
Laser Separation Distances from the Boundary of the 

Sensitive Zone as a Function of Fan Angle and  
10-Microsecond Pulse @ 60 Hertz 

 
Fan Angle 
(degrees) 

SZR  

(meters) 

NOHD 
(meters) 

15 0.43 1.19 
30 0.30 0.60 
45 0.25 0.40 
60 0.21 0.30 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes 

precedence because the MPE takes precedence in this case [ANSI Std. Z136.6-
2000 (Table 5- notes)]. 
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(2) Critical Zone (CZ) Laser Separation Distance for: 10-Microsecond Pulse 
Exposure @ 60 hertz. 

 
The minimum distance that the (LASIRIS) laser pulsed scanner must be from 
the boundary of the Critical Zone ( CZR ) can be determined as follows. 

 

CZ

HzsCZ
H

joules
R

⋅

×
=

−

−
θ

μ

3

60@10

10690
 

 

⎟
⎠
⎞⎜

⎝
⎛ ×⋅

×
=

−

−

−

2
6

3

60@10

1025.1

10690

cm
joules

joules
R HzsCZ

θ
μ  

 

θ
μ

23

60@10

10552 cm
R HzsCZ

×
=−  

 

metersR HzsCZ

θ
μ

3

60@10

10552

100

1 ×
⋅⎟
⎠
⎞

⎜
⎝
⎛=−  

 
 
 

Table 28 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Critical Zone (as a function of the fan angle) for: ten-
microsecond pulse exposure duration at a 60 hertz PRF. 
 

 
 

Table 28   
 

Laser Separation Distances from the Boundary of 
the Critical Zone as a Function of Fan Angle and 

10-Microsecond Pulse @ 60 Hertz 
 

Fan Angle 
(degrees) 

CZR  

(meters) 
15 1.92 
30 1.36 
45 1.11 
60 0.96 
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(3) Laser Free Zone (LFZ) Separation Distance for: 10-Microsecond Pulse 

Exposure @ 60 hertz. 
 

The minimum distance the (LASIRIS) laser pulsed scanner must be from the 
boundary of the Laser Free Zone ( LFZR ) can be determined as follows. 
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Table 29 presents the minimum distance the (LASIRIS) laser pulsed scanner must 
be from the boundary of the Laser Free Zone (as a function of the fan angle) for: 
ten-microsecond pulse exposure duration at a 60 hertz PRF. 
 

 
Table 29 

 
Laser Separation Distances from the Boundary of 

the Laser Free Zone as a Function of Fan Angle and 
10-Microsecond Pulse @ 60 Hertz 

 
Fan Angle 
(degrees) 

CZR  

(meters) 
15 19.2 
30 13.6 
45 11.1 
60 9.59 
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Table 30 presents a summary of the minimum distance the (LASIRIS) laser 
pulsed scanner must be from the boundary of the Laser Free Zone (as a 
function of the fan angle) for: ten-microsecond pulse exposure duration at a 
60 hertz PRF. 
 
 

 
Table 30 

 
Summary of Laser Separation Distances from the Boundaries of 

the Flight Hazard and Visual Interference Zones for:  
10-Microsecond Pulse @ 60 Hertz 

 
 

 Normal Visual Interference Distance 
Fan Angle 
(degrees) 

NOHD 
(meters) 

SZ 
(meters) 

CZ 
(meters) 

LFZ 
(meters) 

15 1.19 0.43 1.92 19.2 
30 0.60 0.30 1.36 13.6 
45 0.40 0.25 1.11 11.1 
60 0.30 0.21 0.96 9.59 

NOTES: 
1. Shaded values are not applicable (see note 2). 
2. When the visual interference distance is less than the NOHD the NOHD takes precedence 

because the MPE takes precedence in this case [ANSI Std. Z136.6-2000 (Table 5- notes)]. 
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Laser Separation Distances from the Center of the Airport Flight Lines 

 
 
 

Table 31 
 

Laser Separation Distances to the Center of the Airport Flight Line 
for the LASIRIS Laser CW Operation 

 
 Critical Zone Laser Free Zone 

Airport to Boundary 18,500 meters 9,200 meters 
Laser to Boundary 78.2 meters 783 meters 
Laser to Airport 18,578 meters 9,982 meters 

 
 
 
 
 

Table 32 
 

Laser Separation Distances to the Center of the Airport Flight Line 
for the LASIRIS Laser Pulsed Operation (Worst Case) 

 
 Critical Zone Laser Free Zone 

Airport to Boundary 18,500 meters 9,200 meters 
Laser to Boundary 1 meters 10 meters 
Laser to Airport 18,501 meters 9,210 meters 

 
 
 
 
 
Under worst case conditions for the (LASIRIS) laser scanner, the scanner must be 
greater than 18,501 meters (pulse operation) and 18,578 meters (CW operation) 
from the center of the airport flight lines for unobstructed line-of-sight view to the 
various visual interference zone boundaries.
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V. Conclusion 

 
CW Operation 
 
The minimum optical density required of the laser safety eyewear is 2.88. 
 
The NOHD for the various fan angles available to the LASIRIS Model MAG-
501L-670M-1000-45o-K: 

Table 31  
 

NOHD versus Fan Angle 
 

� 
(degrees) 

NOHD 
(meters) 

15 16.1 
30 8.05 
45 5.37 
60 4.02 

 
 
Pulse Operation 
 
Operating parameters of the LASIRIS Model MAG-501L-670M-1000-45o-K for 
eye safe viewing at the 60-centimeter engineering barrier: 
 

Table 32   
 

Fan Angle Eye Safe Operation 
 

PRF 
(Hz) 

sec1 μ  sec10 μ  

30 o30  - 
30 o45  - 
30 o60  o60  
60 o45  - 

Shaded areas are outside the 60 cm engineering barrier. 
 
 
Outdoor Operation in Navigable Air Space 
 
Under worst case conditions for the pulse operation of the laser must be: greater 
than 18,501 meters (pulse operation) and 18,578 meters (CW operation) from the 
center on the airport flight lines.
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VI. Appendix 
 

The continued algebraic derivation from page 32: 
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Multiplying by: ( ) ( )PRFt ⋅×⋅⋅Φ − sec1003.8 3  dividing by ( VIZH ) yields: 
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