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Abstract

A laser hazard analysis and safety assessment was performed for the 3" Tech model
DeltaSphere-3000® Laser 3D Scene Digitizer, infrared laser scanner model based on
the 2000 version of the American National Standard Institute’s Standard Z136.1, for the
Safe Use of Lasers. The portable scanner system is used in the Robotic Manufacturing
Science and Engineering Laboratory (RMSEL). This scanning system had been
proposed to be a demonstrator for a new application. The manufacture lists the
Nominal Ocular Hazard Distance (NOHD) as less than 2 meters. It was necessary that
SNL validate this NOHD prior to its use as a demonstrator involving the general public.
A formal laser hazard analysis is presented for the typical mode of operation for the
current configuration as well as a possible modified mode and alternative configuration.



Summary

For the “worst case” (slowest mirror rotation rate) the small source Nominal
Ocular Hazard Distance (NOHD) for the 3" Tech model DeltaSphere-3000 in its
current configuration (4 revolutions per second with a sample density of 13.3
samples per degree) is approximately 188 centimeters, which is greater than the
extended source to small source crossover distance. The DeltaSphere-3000 in its
current configuration presents a Class 3a Laser System Hazard (with an
embedded Class 3b laser) and laser safety eyewear, is required to be worn by
personnel inside this hazard distance.

Ocular Hazard Distance (Worst Case)

Mirror Sample Density NOHD Configuration
Rotation (Samples/Degree) (cm)
(Rev/Sec)
4 13.3 ~188 Current
4 13.3 <133 Modified
8 10" ~123 Alternate

*Requires 3" Tech to preset the default Sample Density through software control.

The Optical Density required of laser safety eyewear (for full protection) at the
exit of the laser, in its current configuration, which also is adequate for all
radial distances inside the ocular hazard zone is:

For both the “modified” and the “alternate” configurations of the DeltaSphere-
3000, the small source NOHD is less than the extended source to small source
crossover distance. The extended source correction factor can be applicable to
these configurations. Although; with the application of extended source
correction factor to the AEL, both the “modified” and the “alternate”
configuration would present a Class 1 laser system hazard, it would still be
prudent to maintain a “personnel exclusion zone”, about the scanner, equaled to
the small source NOHD listed above.

Modification to the Current Configuration (NDO.1 Filter)

The inclusion of a neutral density filter in the emitted beam path reduces the
small source NOHD to where this distance is shorter than the extended source to
small source crossover distance. The radiant energy transmitted through the
limiting aperture is less than the appropriate AEL-s (the extended source AEL
for radial distances from 10 centimeters to the crossover distance
(approximately 149 centimeters) and the small source AEL for radial distances
greater than 149 centimeters.
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Del taSphere-3000
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Figure 1

The DeltaSphere-3000 and its carrying case

Introduction

The manufacturer, 3" Tech, makes the claim that the DeltaSphere-3000 is a
portable, long range, high precision and high-speed 3D scene digitizer,
which incorporates an infrared diode laser scanner. The DeltaSphere-3000 is
mounted such as to allow it to sweep horizontally while the rotating mirror
makes vertical scans. The rangefinder system is computer controlled. The
DeltaSphere-3000 user manual warns against personnel exposure to the laser
beam inside of two meters from the laser’s exit.



1. Laser Parameters

Model: | DeltaSphere-3000

Embedded Laser Hazard Class: | 3b

Laser Wavelength: | 780 nm

Embedded Diode Laser Power: | 8 mw

Beam diameter: | 2.5 mm

Beam divergence: | 0.5 mr

Distance (Laser to Mirror): | 180 mm

Mirror Rotation Rates | 4-16 revolution per second*

Minimum Mirror rotation rate: | 4 revolutions per secondf

Incremental Sweep: | 1 sample per mirror revolution

Sample Density (preset): | 13.3 samples per degree

Notes:

*The current maximum mirror rotation rate is 16 revolutions per second.

tThe laser diode is interlocked to the rotating mirror to “cut off” laser operation if the
mirror rotation rate falls below 4 revolutions per second.

I11. System Configuration

Rotéting
Mirror

Figure 2

Laser beam path and rotating mirror.



A. Overview

Diode Laser m

L, @, G,do

Scanner Axis Of Rotation

ROTATING LASER SCANNER

Figure 3

Laser scanner configuration.

The CW diode laser output is directed to the rotating mirror, which scans the
laser beam through a complete 360-degree arc. The scan rate () is equal to
the mirror rotation rate. The scanner rotates one angular increment (®) for each

mirror rotation (scan), at the average scanner sweep (rotation) rate (©2). The
interactive beam returns collinearly and is split off and processed by the
scanner’s electronic system.



B. Beam Divergence

Rotating Mirror Axis
L

Beam Expansion

Figure 4

Laser spot size expansion as the beam travels from the source.

The laser beam cross section expands (diverges as a natural consequence of the
laser systems physical geometry) as it propagates away from the laser. The size
of the laser beam diameter (D) is a function of the beam diameter (d,) at the
laser exit, the beam divergence angle (6) and the distance (L) from the laser.
The distance (L) from the laser source is the sum of the distance from the laser
to the rotating mirror (r) and the radial distance (R) from the rotating mirror
and can be expressed as function of the radial distance as follows.

D=f(R,rd,,0)

D=d,+6(r+R)

10



C. Irradiance

Diode Laser
A, O, e,do

Scanner Axis Of Rotation

ROTATING LASER SCANNER

Figure 5

The rotating laser beam sweeps an area proportional to the radial distance from the
mirror.

The irradiance or power density (H) of the emitted beam is the average
radiant power (®) distributed over the beam (scanned) area (A). The area is
a function of the radial distance from the rotating mirror and is the product of
the beam width (w), which is equal to the beam diameter (D) for a circular
beam and the circumference of the circle scanned at the radial distance (R)
from the rotating mirror.

H:

> | &

It is assumed that the transmitted laser beam is circular and is a function of the
radial distance from the rotating mirror such that:

w=D

w=d, +8(r+R)

11



The average irradiance can be expressed as a function of the radial distance
from the rotating mirror.

Ho %
wC
®
H= W for
(@, +6[r+R]) -(2R) %mz
w>d

= Hlim

D. Radiant Exposure Time (through an aperture)

Diode Laser m

b, ®,0,d

Scanner Axis Of Rotation

ROTATING LASER SCANNER

Figure 6

Single scan of the rotating mirror.

Let the laser beam, at some radial distance (R), sweep past an aperture (S).
The exposure time (t) across the aperture is a function of the radial distance
from the rotating mirror (R), the rotation rate (w), and the aperture size (s).

12



The exposure time of the pulse event transmitted through an aperture at the
radial distance (R) can be expressed as:

o) 5w

Where;

t: | Pulse exposure time (sec).

Mirror rotation rate (rev/sec).

Radial distance (cm).

w ||

Aperture (cm)

The radiant beam intensity versus transit time across the aperture would appear
as a pulse event, where the radiance transmitted through the aperture would
appear similar as depicted in figure 7.

- T -

t=t FWHM D ave
av

e |
s —1 1
t, t,

- 2n R -

Figure 7

The transmitted radiant power (intensity versus time) through the aperture can be expressed as a function
of the aperture size, the radial distance and the mirror rotation rate.

13



The exposure time (t) is the time between the “half power” points (q)av% j of

the transmitted radiance and represents the pulse width of the pulse event.

U= Teym

Multiple scans of the rotating CW laser beam give rise to a multiple pulse
exposure where the pulse period (T) is a function of the mirror rotation rate

().

The time for a single mirror scan is related to the mirror rotation rate.

T =
@

scan

E. Radiant Energy (Transmitted through the aperture at “R”)

The radiant energy (Q) transmitted through the aperture (s) scanned by the
rotating laser beam is proportional to the ratio of the incident radiant power to
the mirror rotation rate and the ratio of the area of the transmitted beam to the
area of the scan, where the incident radiant power is assumed to be spatially as
well as temporally uniform.

o2}

Q. : | Radiant energy transmitted through the aperture (cm).

@ : | Incident radiant laser beam power (watts).

@ : | Mirror rotation rate (revolutions per second).

A : | Area of the transmitted beam (cm?).

A...: | Area of the scan (cm?).

14



The radiant energy transmitted through the aperture can be expressed as a
function of the radial distance from the rotating mirror.

The radiant energy transmitted through the aperture can be expressed as:

(Pu) [ A
QS_[ @ ]|:Agcan}

q)av
Qs=( QJ{ A[ } For: w>s
0] C-w
Where;

Q. : | Radiant energy transmitted through the aperture (cm).

®_ _: | Average incident radiant laser beam power (watts).

Mirror rotation rate (revolutions per second).

Area of beam transmitted through the aperture (cm?).

Scan circumference (cm).

s0|> 2|8

Laser beam width at the aperture (cm).

The radiant energy can also be expressed as a function of the radial distance
from the rotating mirror.

Q, = (q);vg H(zﬂ. R)- (df\[+ o(r + R))}

R : | Radial distance from the rotating mirror (cm).

Exit diameter at the laser (cm).

r: | Distance from laser to rotating mirror (cm).

6 : | Beam divergence (radians).

15
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Figure 8

Scan area for beam widths less than the limiting aperture.

For the condition where the aperture (s) is larger than the beam width (w) the
laser power transmitted through the aperture is equal to the incident laser power
at the aperture. The transmitted radiant energy can be expressed as the ratio of
the laser power to the mirror rotation rate and the ratio of the transmitted area to
scan area. The radiant energy transmitted through the aperture is a function of
the radial distance from the rotating mirror. This can be approximated as the
ratio of the aperture diameter to the scan circumference (first order
approximation or one dimensional approximation).

Qsz(%j {ﬁ} ) For w<s

16



F. Scanner Rotation

Scanner Axis Of Rotation
!
|
ﬂ
|

ROTATING LASER SCANNER

Figure 9

The schematic of the Laser Scanner Rotation.

As the 3" Tech DeltaSphere-3000 is swept horizontally, the length of the arc (s)
is a function of the radial distance (R) and the angular displacement (®).

S=06R

The average rotation rate can be expressed as:

0-2
T

Where;

Q) : | Average rotation (scanner sweep) rate

©®: | Angular increment.

T : | Time for sweep increment

The scanner completes one scan for each revolution of the rotating mirror. The
scanner sweeps one rotation increment for each mirror rotation.

17



Scan Path

Incremental Scan Sweep

Figure 10

Depicts incremental scanner rotation, where @ is the initial position and increments to ©, after
the first mirror-scan at the mirror rotation rate, .

The incremental scan rotation angle (®) can be expressed in terms of the
inverse of the sample density. The number of scans (N) per degree is referred
to as the sample density. The angular separation or sweep increment (®)
between vertical scans can then be expressed as:

©c [dﬂj 7z radians
N 180°

For the DeltaSphere-3000 Laser 3D Scene Digitizer IR laser scanner the sample
density is preset to 13.3 samples per degree by 3" Tech.

0 deg | | # radians
13.3 180°

The angular sweep increment is for the default configuration is:

® =1.312x10"° radians

18



The arc swept between mirror scans is a function of the radial distance from the
rotating mirror and can be expressed as follows.

S=0-R

S =(1.31x10°) R

The average scanner sweep rate (€2) can be expressed as a function of the
scanner angular rotation increment (®) and the time (T) between scanner
angular rotation increments, which in turn can be related to the mirror rotation
rate (o) as follows.

The average scanner sweep rate in terms of radians can be expressed as
follows:

@ .
_~ radians
Q2= T 4ec

—®., radians
Q=0-w 4ec
Q =(1.312><1O‘3 radians) [4 sec‘lj

0 =5.25x10" radian%ec

The average scanner sweep rate in terms of degrees can be expressed as
follows:

o (5.25 %107 radian%ec) {@J

T
_ deg
0-03 /%c

19



V.

Hazard Analysis

. Limiting aperture

The limiting aperture (d,, )is used as a normalization factor in the

performance of the laser hazard analysis. The limiting aperture for the NIR
(780 nm) diode laser incorporated in the DeltaSphere-3000® laser scanner is
given as: 7. mm [ANSI Std. Z136.1-2000 (Table 8)].

Hence defining the aperture as the limiting aperture:

s=d

lim

d. =0.7 cm

lim

. Radiant Energy (through the limiting aperture)

The radiant energy (Q,,, ) transmitted through the limiting aperture was shown

to be approximately in direct proportion to the ratio of the limiting aperture to
the circumference of the mirror scan (page 16). This one-dimensional approach
approximates the transmitted radiant energy (through the limiting aperture at a
specific radial distance) as being proportional to the ratio of the diameter of the
limiting aperture to the circumference of the mirror scan. The two-dimensional
approach relates this transmitted radiant energy to the ratio of the transmitted
beam area through the limiting aperture to the area of the scan swept by the
rotating mirror (page 14).

One-Dimensional Approximation versus the Two-Dimensional Method

The one-dimensional (1D) approach is simpler and less complicated to evaluate
than the two dimensional approach; but it will yield a higher estimated value for
the radiant energy transmitted through the limiting aperture at a specific radial
distance than the two dimensional approach. This produces an estimated
transmitted radiant energy with a conservative safety bias, which is carried
through in the subsequent laser hazard analysis.

The one-dimensional approach to the determination of the transmitted radiant
energy will be presented first in order to provide for a general level of the
radiant energy transmitted through the limiting aperture.

The two-dimensional (2D) approach is a more complicated method of
estimating the radiant energy transmitted through the limiting aperture and is
presented later to provide for a more accurate evaluation of the transmitted
radiant energy at certain specific radial distances necessary in the laser hazard
analysis.

20



1. One-Dimensional Method (ratio of diameter to the circumference)

The one-dimensional method (1D) for estimating the radiant energy transmitted
through the limiting aperture can be approximated as a function of the laser
power (@) radial distance (R) and the mirror rotation rate () and can be
expressed as (refer to page 16).

d'¢} J For: w<d
27R - w

lim

QM1zq){

The radial distance, where the laser beam width (w) is equal to the limiting
aperture (d, ) can be determined as follows.

lim

d,, =d, +6(r+R) (Refer to page 11)
R = dIim — do —r
6
_ 0.7cm —0.2_53 cm 18 ¢em
0.5x10
R =882 cm Where; w=d

lim

For radial distances less than 882 centimeters the radiant energy (Qiim)
transmitted through the limiting aperture for each revolution of the rotating
mirror can be estimated as follows.

QlimlD =0t

d,.
QnmlD ~ D {ﬁ} J (Refer to page 16)

Red Plexiglas Window

The transmission factor (r)of the red Plexiglas exit window (DeltaSphere-
3000) was measured, by a Cary® 500 Spectrophotometer, as: 93.25 percent at
780 nm. The incident radiant (&) power used in the subsequent hazard
analysis is the embedded diode laser output power corrected by this window
transmission factor.

21



O=7-]

embedded laser

® = (0.9325)- (8 x 10 *watts)

® = 7.46 x10 3 watts

The radiant power was measured (6.88 mw) at the window exit with an Ophir®
Model 2A-SH power head (60 uw to 2 watts CW @ + 3% accuracy error) and
an Ophir® Model NOVA digital display (calibrated in the NIR) combined
system accuracy error + 4% . Since the measured value of the radiant power
was less than the calculated value for the radiant power at exit, the higher
calculated value is used throughout the laser hazard analysis to maintain a
conservative safety bias.

Transmitted Radiant Energy (1D)

0.7cm

( 2R ) 4rev
rev sec

Qun, ~(7.46x107°w)

Q|im1D N( 46x10 Sec j [ 87-R :|

207.8x10°%J —cm
Qlim,, = For: R<882 cm

R

A plot, of the radiant energy transmitted through the limiting aperture, per
revolution of the rotating mirror, as a function of the radial distance from the
rotating mirror (for radial distances less than, or equal to 882 centimeters)
presented in figure 11 on page 23.

22



Radiance (nJ)

Radiance Through Limiting Aperture (1D)
versus Radial Distance From Rotating Mirror

15000
Laser 7.46 mw @ 780 nm
Mirror: 4 rev/sec ||| |||
Scan: 13.3 samples / degrees
Rate: ~0.3 degrees / sec
10000
5000 \
\\
~_
0
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Radial Distance (cm)

Figure 11

The plot depicts the one-dimensional approximation of the radiant energy transmitted through
the limiting aperture as a function of the radial distance, for distances less than 882 centimeters.
The radiant power of the scanning laser beam was corrected for the transmission losses at the
exit window. The (1D) estimated transmitted radiance has a conservative safety bias.

2. Two Dimensional Method (ratio of areas)

The two-dimensional (2D) method of determining the radiant energy
transmitted through the limiting aperture as a function of the incident laser

power (@), mirror rotation rate (w) and can be expressed as a function of the
radial distance (R).

23



Where the scan width over fills the limiting aperture.

_ 9 A1im .
Qlim2D _((()) |:(27Z' R)W:| J For: w< dlim

Where;

Qiim,, - Radiant energy (2D method) transmitted through the limiting
aperture (joules).

A, : | Area of the limiting aperture (cm?).

The radial distance, where the laser beam width (w) is equal to the limiting
aperture (d, ) was shown to be 882 centimeters (page 21).

lim

Determination of radiant energy transmitted through the limiting aperture
General assumptions

1. The cross sectional area of the scanned laser beam is assumed to be
circular.

T 2
Abeam = Z(D)

2. The power distribution across the beam is assumed to be uniform,
spatially as well as temporally.

)

H beam — r
eam

3. The irradiance of the scanned area is assumed to be uniform, spatially as
well as temporally.

Ho =2

scan
Ascan

24



At the radial distance where:R> R, _,

_— Y — -_— W —_—
il —— d i ———
lim
W =dy, w > dy,
Figure 12

The radiant energy transmitted through the limiting aperture at radial distances from the rotating
mirror, where the laser beam width is equal or greater than the diameter of the limiting aperture.

The radiant energy transmitted through the limiting aperture at radial distances
(from the rotating mirror) where the laser beam width is equal to or greater than
the limiting aperture, presented in ANSI Std. Z136.1-2000 (Table 8), is directly
proportional to the ratio of areas (page 14).

Q, = (ij'{ A } (Refer to page 14)

2 Ascan

(2| A
QlimZD _(wj |:Ascan:|

Where;

Qi ° Radiant energy transmitted through the limiting aperture
(joules).

® : | Laser beam radiant power (watts).

@ : | Mirror rotation rate (revolutions/second).

A, : | Area of the limiting aperture (cm?).

i 2
A,._..: | Beam area of a single-scan (cm®).

25



Q“mw = (QJ[M} Where: R > RW:d“m

Recall from page 21 that the radial distance where the beam width is equaled to
the limiting aperture is 882 centimeters.

The radiant energy transmitted through the limiting aperture can be expressed as
a function of the radial distance from the rotating mirror.

Qiimyy = (%}[(8) @ E:j;”ir)i R R} Where: R > 882 cm

Where;

Q,.,: | Radiant energy transmitted through the limiting aperture (joules).
@ : | Laser beam radiant power (watts).

o : | Mirror rotation rate (revolutions/second).

d,.: | Diameter (cm) of the limiting aperture [ANSI Std.Z136.1-2000 (Table 8)].
.. | Exit diameter of the beam at the laser (cm).
6 : | Beam divergence (radians).
r: | Distance from the laser to the rotating mirror (cm).
R : | Radial distance from the rotating mirror (cm).

26



Determination of, Q,,,, @ R =882 cm:

Qiim,, = (%} . {(8) {d, E:jgzr)i R)}- R}

Incident Radiant Power

The incident radiant power at the limiting aperture is:

® =7.46 mw

Evaluation of Q;,, @ R =882 cm

7.46 x10 watts
Qlisz z[ ]

reV
4 sec

(0.7 cm)2 rev

(Refer to page 21)

(8)-{ 0.25 cm+(0.5x10°) (18 cm + 882 cm)} (882 cm)

Qim,, =185x107

27



Number of Scan Increments Across the Limiting Aperture as a Function of
the Radial Distance

Scanner Axis Of Rotation

ROTATING LASER SCANNER

Figure 13

Laser Scanner sweeps across the limiting aperture.

The number of pulses transmitted through the limiting aperture as the scanner
sweeps across the limiting aperture can be shown to also be a function of the
radial distance (R) from the rotating mirror.

Scan Increment Across the Limiting Aperture
Let n be the number of complete scans transmitted through the limiting aperture.
®,=n-0

Where;
@, : | Angular sweep for “n” number of mirror scans.

n: | Number of mirror scans (sweep increments).
©®: | Single incremental angular sweep between two-mirror scans.

28




® =1.31x10*radians (Refer to page 18)
®, =n-(1.31x10*radians)

The radial distance from the rotating mirror for “n” incremental scans swept
through the limiting aperture then can be expressed as function of the “n”
number of single increment angles.

0.7 cm
n-(1.31x10*radians)

5334 cm
" n

R

Table 1

Radial Distances For The First Ten Incremental Mirror Scans
Through The Limiting Aperture

Mirror Scans 0, R,
(n) (radians) (cm)
1 1.31x 10 533.4
2 2.62x10° 266.7
3 3.93x 10° 177.8
4 5.24 x 107 133.4
5 6.55 x 10° 106.7
6 7.87 x 107 88.9
7 9.18 x 107 76.2
8 10.5x 10°° 66.7
9 11.8x 107 59.3
10 13.1x10° 53.3

29



The time it takes for the Laser Scanner to sweep across the limiting aperture, the
limiting aperture sweep time (T, ) is related to the sweep rate (€2) and the
radial distance (R) from the rotating mirror.

For the default configuration of the DeltaSphere-3000:

Q =5.25x10"° radians/sec

- 1.312 radians _ n(O.ZSsec)

T —n. .
lim, 5.25%x107 radlan%ec

Table 2 depicts the time needed for the first ten incremental sweeps across the
limiting aperture.

Table 2

Limiting Aperture Sweep Time

Mirror Scans R, Tim
n (cm) (sec)
1 533.4 0.25
2 266.7 0.50
3 177.8 0.75
4 133.4 1.00
5 106.7 1.25
6 88.9 1.50
7 76.2 1.75
8 66.7 2.00
9 59.3 2.25
10 53.3 2.50

30



Transmitted Radiant Energy (2D)

Refer to Appendix 1 through 4 for the specific determination of the radiant
energy transmitted through the limiting aperture at specific radial distances
using the 2D method.

In general, the radiant energy (2D) transmitted through the limiting aperture per
scan is of the form:

Q. = (EJ . [L} (Refer to page 25)
® @ &can
Where;
Qum,, - | Radiant energy (2D) transmitted through the limiting aperture
(joules).

@ : | Laser beam radiant power (watts).

@ : | Mirror rotation rate (revolutions/second).

A : | Beam area transmitted through the limiting aperture (cm?).

A : | Beam area of a single-scan (cm?).
can

Qiim,, = [g} (d, +6(r ﬁ;!))-(z”' R)}

For the radial distances where the range (R) is:R, <R <R,_;

The beam area transmitted through the limiting aperture for a single mirror
scan at the radial distance range (R, <R <R,_; ) was shown (Appendix 1) to

be as follows:

31



In the radial distance range: 533.4 cm < R <882 cm, the transmitted beam area
is as follows.

Sin{{do volr+ R)}J
A dyy - fd, 10+ R)}-cos(sin‘l[{d" +6(r + R)}D

90° 2

A1=A|im

lim

A, 400+ R)}-cos[sinl({dow(r“LR)}D

lim
The scan area at the radial distance: R=533.4 cm:
Ascan = 27ZR : W
w=0.526 cm

A, = 27(533.4 cm)-(0.526 cm)

A, =1762 cm?

[Single Transmitted Scan Area] At the radial distance: R =533.4 cm

The transmitted radiance (for the 2D method) is:

Qim,, = (gj . [L} (Refer to page 25)
@ A‘scan

0 ~ [7.46 x103watts] (0.33 cm? — rev]
liMyp(posazacm) rev . ?
4 Aec 1762 cm

The average “pulsed” radiant energy (2D determination) transmitted through the
limiting aperture at the radial distance of approximately 533 centimeters is 349
nanojoules.

Qi =349%107° J

R=533.4cm)
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At the radial distance: R = 700 cm (Intermediate Radial Distance)

o ~ [7.46 ><103watts} (0.36 cm’ — revj
M2 (rorooem) rev ' 2
4 4ec 2679 cm

Qiima o =253x107° J

R=700cm

[Two-Scan Transmission] At the radial distance: R = 266.7 cm

The transmitted radiance (for the 2D method):

Q. = (gj{i} (Refer to page 25)
2 @ A%can

See Appendix 2 for specific derivation for a two-scan transmission through the
limiting aperture and determination of the scan area.

o ~ [7.46 x103watts] {0.222 cm’® — revJ
liM2p(rogserom) rev . 2
4 4ec 657 cm

The average “pulsed” radiant energy (2D) transmitted through the limiting
aperture at a radial distance of 266.7 centimeters is: 630 nanojoules.

Qlimyo, =630x107° J

R=266.7cm)
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[Three-Scan Transmission] At the radial distance where: R =177.8 cm

Qiim,, = (q)][ A } (Refer to page 25)

@ Ascan

See Appendix 3 for specific derivation for a three-scan transmission through the
limiting aperture and the determination of the scan area.

0 B (7.46xloswattsJ (0.229 cm’ — rev]
liMzp(ror7rgem) rev ' 2
4 éec 388.7 cm

The average “pulsed” radiant energy (2D) transmitted through the limiting
aperture at a radial distance of 177.8 centimeters is: 1.10 microjoules

Qi =1.10x10"° J

R=177.8cm)

[Four-Scan Transmission] At the radial distance where: R = 133.4 cm

See Appendix 4 for specific derivation for a four-scan transmission through the
limiting aperture.

Qiim,, = %L (Refer to page 25)

0 _ | 7.46x10*watts | ( 0.219 cm® —rev
Moo ygam) 4rey 272.9 cm?
sec

The average “pulsed” radiant energy transmitted through the limiting aperture at
a radial distance of 133.4 centimeters is: 1.5 microjoules

Qlisz( =15x10" J

R=133.4cm)
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Table 3

Radiant Energy Transmitted (2D) Through the
“Limiting Aperture” At Specific Radial Distances

n Rn Qlim *
(cm) Q)

- 882.0 185 x 10°
- 700.0 253 x 107
1 533.4 349 x 10°
2 266.7 630 x 107
3 177.8 1.10x 10°®
4 133.4 1.50 x 10°®

Values calculated by Excel Spreadsheet Model of the 3" Tech Scanner
*The value of the transmitted radiant energy was determined from the 2D method.

Refer to appendix 1 through appendix 4 and appendix 6 for the determination
and calculation of the values presented in Table 3.
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Radiance (J)

Radiance Through the Limiting Aperture (2D)
versus Radial Distance from the Rotating Mirror

1.5x10° (n=4)
Laser:
\ Power = 7.46 mw @ 780 nm
\ Mirror! |
\ Rotation: 4 rev / sec
Samples: 13.3 samples / deg
(n=3)
1.0x10° \
\
\
\ |(n=2)
~
N
0.5x10° =
NG
™S (n=1)
N n—l}
SN
TS =
~— | (w=d)
©
0
0 100 200 300 400 500 600 700 800 900 1000

Radial Distance (cm)

Figure 14

A plot to the radiant energy (2D method) transmitted through the limiting aperture at radial
distances specific to certain pulse event numbers.

Figure 14 depicts the plot of the average “pulsed” radiant energy, as determined
by the 2D method, transmitted through the limiting aperture, per revolution of
the rotating mirror, at the radial distances (less than or equal to 882 centimeters)
specific to 1, 2, 3, and 4 pulse events (vertical scans) per (horizontal) sweep
across the limiting aperture as well as other radial distances of concern.
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C. Pulse Exposure Time
The pulse duration is a function of the transmitting aperture and the radial

distance (refer to page 13). Where the transmitting aperture is set to the limiting
aperture:

0.7cm
(272'- RJ 4 rev
rev sec

The pulse width for the default configuration of the DeltaSphere-3000 as a
function of the radial distance can be expressed as follows.

_ 27.85x10°cm—sec
R

t

For radial distances less than or equaled to 882 centimeters the shortest pulse-
exposure time is calculated at the radial distance of 882 centimeters.

0.7cm
(2ﬁ-8820mj 4 rev
rev sec

t=31.58x10%sec
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D. Maximum Permissible Exposure
The maximum permissible exposure (MPE) for a multiple pulse exposure is

always the smallest of the MPE values derived through the evaluation of ANSI
Rule 1 through ANSI Rule 3 [ANSI Std. Z2136.1-2000 (8.2.3.2)].

MPE = min [MPE,,, MPE, ., MPE,,.;]

rulel? rule2?

Rule 1 (Single Pulse)

The single pulse MPE is given in Table 5a of the ANSI Std. Z136.1-2000 for
various exposure times. Since the shortest exposure time was shown to be
approximately 31 microseconds (page 37) the following MPE form is the
appropriate formula to use in the determination of the Rule 1 MPE.

0.75 -3
MPE,,, =1.8 C, t*" x10 %mz 700nm < A <1050nm

18x10°sec <t <10sec

The wavelength correction coefficient (Ca) is given in Table 6 of the ANSI
Std. Z136.1-2000 as:

CA _ 102(,170.7)

C _102(0.76—0.7)
A=

C, =1.445

rulel —

MPE,,,, = (1.8) (1.445) t*™ x10°° % i

MPE, ., = (2.602) t° x10°3 % o
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The exposure time (t) is a function of the radial distance from the rotating
mirror (refer to page 37).

MPE

27.85x10° " .
er = (2.602) {T} x10° Y,

ANSI Rule 1 MPE as a function of the radial separation distance can be
expressed:

177.4x10°°
MPE /m

rulel — T ~075
R

Rule 2 (Average Power MPE)

The pulse repetition rate (PRF) is related to the mirror rotation rate, since
there is one pulse event at the limiting aperture for each revolution of the
rotating mirror, as it sweeps across the limiting aperture.

PRF = =418y,

PRF =4 sec™

The critical frequency (f;) for multiple pulse exposures of wavelengths from
400 nm to 1050 nm is 55 KHz [ANSI Std. Z2136.1-2000 (8.2.3.2-note)]. Since
the PRF is less than the critical frequency for this wavelength band ANSI Rule
2 would not apply and need not be evaluated.

PRF < f, =55x10° sec™
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Rule 3 (Multiple Pulse)

The ANSI Rule 3 MPE is the produce of the ANSI Rule 1 MPE and a multiple
pulse correction factor (Cy).

MPE.,.; =C,-MPE

rulel

The multiple-pulse correction factor (C ) is given in Table 6 of the ANSI Std.
Z136.1-2000.

_ 025
Cp =n

Where “n” is the number of pulses in the exposure (T).
n=PRF-T
The number of pulse events in the exposure (T) is.

N=w-T

The time it takes for the Laser Scanner to sweep across the limiting aperture, the
limiting aperture sweep time (T, ) is related to the sweep rate (€2) and the
radial distance (R) from the rotating mirror.

®
Tim = f(R):a
Tlim = d“m
Q-R
T 0.7cm

 (5.25x10%sec) R
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The limiting aperture sweep time (T, ) is then expressed as:

lim

133.4 cm—sec
lim — R

T

There is one pulse event transmitted through the limiting aperture for each
mirror- rotation (scan) as it sweeps across the limiting aperture horizontally.

The time between each pulse, the pulse period, (T ) is related to the mirror
rotation rate (w).

For the default configuration of the DeltaSphere-3000

1 rev

rey
4 sec

T =0.25 sec

T:lz
@

The integer pulse exposure time (T, ) is the product of the number of pulses

transmitted through the limiting aperture and the pulse period between the
pulses.

T,=n (0.25 sec)

The number of pulses used in the evaluation of the ANSI Rule 3 MPE is
dependent on the radial distance of the limiting aperture from the rotating mirror
and the sweep time across the limiting aperture.
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The radial distance associated with this limiting aperture sweep time is then:

_133.4 cm—sec
T

lim

R

The radial distance (R, ) for the integer number of pulses transmitted through
the limiting aperture can be related to the integer pulse exposure time.

R _ 133.4 cm —sec
n Tn
133.4 cm —sec
R, =
n (0.25 sec)

The radial distance for the integer number of pulses transmitted through the
limiting aperture can be expressed as a function of the integer number pulses in
the exposure.

R - 533.4 cm
n

Where, (R, ) is the longest radial distance from the rotating mirror where the

number of pulses transmitted through the limiting aperture is just equal to “n”.
A unique radial distance for each “n” gives rise to a unique pulse exposure (t)

with a unique ANSI Rule 1 MPE and a unique ANSI rule 3 MPE as a function
of the number of pulses.

The MPE(s) for ANSI Rule 1 and Rule 3 should be evaluated for each “n”. A
sample of several various pulse counts are presented in Table 4 on page 45.
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E. The Allowable Emission Limit
The laser class Allowable Emission Limit (AEL) is the highest emission a laser
may have and still be considered to be a member of a particular laser hazard
class. From the perspective of an observer the AEL may also be considered an
Allowable Exposure Limit. The Laser Hazard Class 1 AEL is defined as the
product of the appropriate MPE and the area associated with the limiting

aperture [ANSI Std. Z136.1-2000 (3.2.3.4.1-(2))] and is simply referred to as
L‘AEL”.

AEL = MPE x A,

AEL = MPE x%(o.n:m)2
AEL = (0.385 cm?) - MPE

Example Evaluation for a two pulse event (n=2):

The radial distance for a two-pulse event is:

533.4 cm
Ty
R, =266.7 cm

The pulse exposure time is:

(= 27.85x107° cm—sec
266.7 cm

t =104.4x10° sec

The ANSI Rule 1 MPE is:

177.4x10°° % 2

MPE,,,., =
rulel (2667)075

MPE, ., = 2.688x10°° %mz

rulel
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The ANSI Rule 3 MPE is

— —0.25 -6 J ]
MPE,,, = (2) [2.688><10 % 2
rule3 —

MPE, ., = (0.841) (2.688x10°) 9/,

MPE,,,., = 2.260x10°° % o

The appropriate MPE is the MPE derived from ANSI Rule 3 and the area of the
limiting aperture had been previously determined (page 43).

The appropriate AEL,_, for a two pulse event is:

AEL, , =(0.385 cm?) (2.260><10’6 %mz)

AEL,_, =870.1x107° J

The average “pulsed” radiance (2D) transmitted through the limiting aperture
for a two pulse event had previously been determined and tabulated in Table 3
on page 35 to be:

Q,, =630x107°J

The associated MPE for each integer “n” in a sampling of various n(s) were
evaluated, the appropriate AEL was determined and compared to the radiance
(1D) transmitted through the limiting aperture and is presented in the Table 4 on
page 45 and compared to the transmitted radiance (2D) presented in Table 5.
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Table 4

Summary of MPE(s), AEL(s) and Transmitted Radiant Energies (1D)

n R t MPEwer | Cp | MPEwes | AEL | Qim
(cm) (usec) | (wdlem?) (wWiem? | (nd) (nJ)
1 5334 | 52.22 1.598 | 1.000 | 1597 | 6154 | 417.8
2 266.7 1044 | 2686 | 0.841 | 2.259 | 870.1 | 8355
3 177.8 156.7 3651 | 0.760 | 2.767 | 1,065 | 1,255
4 133.3 2089 | 4518 | 0.707 | 3.194 | 1,230 | 1,674
5 106.7 261.1 5344 | 0669 | 3574 | 1378 | 2089
6 88.90 313.3 6.127 | 0.639 | 3.917 | 1507 | 2506
“Calculated by the one-dimensional method.
Table 5

Summary of MPE(s), AEL(s) and Transmitted Radiant Energies (2D)

n R t MPEwer| Cp | MPEwes | AEL | Qim
(cm) (usec) | (wlem? (Wiem® | (n) (nJ)
1 5334 | 52.22 1.598 | 1.000 | 1597 | 6154 | 348.9
2 266.7 1044 | 2.686 | 0.841 | 2259 | 870.1 | 629.7
3 177.8 156.7 | 3.651 | 0.760 | 2.767 | 1,065 | 1,100
4 1333 | 2089 | 4518 | 0707 | 3.194 | 1,230 | 1,499

“Calculated by the two-dimensional method.
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AEL (Small Source) versus
Radial Distance from Rotating Mirror
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Figure 15

Figure 15 presents the plot of the AEL versus the radial distance from the rotating mirror.

Class 3a versus Class 1 Laser Hazards
Radiant energy levels just above the AEL present a Class 3a Laser Hazard

whereas those below the AEL are a Class 1 Laser Hazard and are considered
“eye safe”.

F. Ocular Hazard versus Eye Safe
1. Eye Safe Zone

The radiance transmitted through the limiting aperture is less than the Class 1
AEL throughout the “eye safe” zone.
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Radiance (nJ)

Qun  <AEL

eye safe

Radiance (through limiting aperture) & AEL
versus Radial Distance from Rotating Mirror
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Figure 16

The plot of the radiant energy (one-dimensional method) transmitted through the limiting
aperture and the appropriate AEL at various radial distances from the rotating mirror yields a
small source Nominal Ocular Hazard Distance of approximately 245 centimeters.

2. Ocular Hazard Zone

The radiance transmitted through the limiting aperture is greater than the Class
1 AEL throughout the ocular hazard zone.

Qin > AEL
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Radiance (J)

Transmitted Radiant Energy (2D) & AEL
versus Radial Distance from Rotating Mirror
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Figure 17
The plot of the radiant energy (two-dimensional method) transmitted through the limiting

aperture and the appropriate AEL at various radial distances from the rotating mirror yields a
small source Nominal Ocular Hazard Distance of approximately 188 centimeters.

3. Nominal Ocular Hazard Distance
The Nominal Ocular Hazard Distance (NOHD) is that distance at which the

radiance through the limiting aperture is equal to the Class 1 AEL and direct
intrabeam viewing of the laser is considered eye-safe.

Qim = AEL

The NOHD (from the rotating mirror) is that radial distance ( Ry, ) Where the

radiant energy transmitted through the limiting aperture is equal to the Class 1
AEL.
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4. NOHD (1D Method-Graphic Determination)

With reference to the plot (figure 16) derived from Table 4 (page 45) using the
one-dimensional method for determining the radiant energy transmitted through
the limiting aperture the NOHD lies somewhere between pulse-count “n = 2”
and “n = 3” and is on the order of ~245 cm (with a conservative safety bias).

R..s <NOHD <R, _,

177.8 cm < NOHD < 266.7 cm

5. NOHD (2D Method-Graphic Determination)

With reference to the plot (figure 17) derived from Table 5 (page 45) employing
the more accurate two-dimensional method of determining the radiant energy
transmitted through the limiting aperture the small source NOHD also lies
somewhere between pulse-count “n = 2” and “n = 3” and is on the order of
~188 cm.

R_, <NOHD<R_,

177.8 cm < NOHD < 266.7 cm

6. NOHD (1D-Analytical Determination)

The radiant energy transmitted through the limiting aperture (Q,;,) as well as
the AEL are functions of the radial distance (R) from the rotating mirror. The

NOHD occurs at the radial distance where there is equality between transmitted
radiant energy and the AEL.

Qiimy, = AEL
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It was shown that for the 1D approach the transmitted radiance is a function of
the radial distance (page 16);

Qnmm = f(R)
Q, :(gj.(dlimj:q)'dlim:(q)'dlimj.l
e\ w)22R) 2R 270 ) R

The Class 1 AEL can be expressed as follows.

AEL = A, - MPE

rule3

AEL = (1.8x107°)A,, -C, -C, -t°"®
The multiple pulse correction [ANSI Std. Z136-2000 (Table 6)] is:

C — n70.25 — (PRF .T)70.25 — (a) 'T)7.0.25

p

The transit time to sweep through the limiting aperture (page 40) was shown to
be a function of the radial distance.

T=1(R)
ot ()L
QR R
Q=0-w (Refer to page 19)
T- (d_ji
®-w) R
0= (degj. # radians (Refer to page 18)
N 180°
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The transit time to sweep across the limiting aperture as a function of the radial
distance can be expressed as follows.

T _{180-d“m-N](£j
tm oy R

The multiple pulse correction as a function of the radial distance is as follows.

e[ G)-(GE)

C _ |:180 . d”m . N :|—0.25 . (ijO.ZS
p
Vd R

The radiant exposure time was shown to be a function of the aperture size and
the radial distance from the rotating mirror (page 13).

S0

The NOHD can be determined by applying the various functions of the radial
distance to the equality presented on page 47:

QnmlD = AEL

-0.25 -0.25
[@-d”mj_l: (1.8><10*3)A"m .C, {M} (1) . (hj(l
27w R T R 27w R
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-0.25 -0.25 0.75 0.75
Dy | 1 (L.8x10°° )Alim .C, {M} (Ej : (hj (Ej
2rw ) R 7 R 27 - R

() afparsem e fee)” [ ) G

{(1.8><103)A”m.CA.[W}O'ZS_Kd,,mj] } R R

T 27w

27w _qos

oo [ [

The NOHD (1D-Q) can be expressed as follows.

oo (=T (4o 4] [

RNOHD =
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46x107°)-(0.7)

!

87

RNOHD =

{(1.8><10‘3).(”'(2'7)2J 0 445).[180 x|

(207.8

0.7)-(13.3)

T

xlO_G)

R =
o [(1.8><103)-(O.385)

2
(1.445)-[208.1x107%]-[68.18x10?] }

| {2

The 1D NOHD derived from fractional pulse event counts and with the
conservative safety bias of the transmitted radiance is:

Ryonp = 214 cm

NOHD as a Function of Mirror Rotation Rate

0.75}

The NOHD (1D : Q,,,) associated with each available mirror rotation rate can
be expressed as a function of that mirror rotation rate ().

RNOHD

RNOHD =

f(@)

((D'dnmj
27w

{(1.8x103)-(7WJ c, {
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Excel® — Laser Hazard 1D Model Spreadsheet for DeltaSphere-3000 Laser
Scanner.

An Excel spreadsheet was developed to model the laser hazard analysis for the
DeltaSphere-3000 Laser 3D Scene Digitizer infrared laser scanner to validate
previous analysis of the current condition as well as to model laser hazard for
future conditions.

Spreadsheet models were developed for both the 1D and the 2D methods of the
transmitted radiance determination.

The NOHD (1D-Q) was determined for the various mirror rotation rates
allowed. These rotation rates are software controlled (see Excel spreadsheets
Appendix 5) and are presented in Table 6. Due to transmitted area overlap
partial pulse counts were used in the determination of the multiple pulse
correction factor.

Table 6

Summary of NOHD (1D :Q,,,) and Extended Source Hazard Laser Class
For various Mirror Rotation Rates

Sample Density | Mirror Rotation NOHD Extended Source
(samples/degree) (rev / sec) (cm) Hazard Class
5 4 131.2 1
5 8 92.8 1
5 10 83.0 1
5 16 65.6 1
6.66 4 151.4 3a
6.66 8 107.1 1
6.66 10 95.8 1
10 4 185.5 3a
10 8 131.2 1
13.3* 4 214.0 3a
207 4 262.4 3a
*Default Setting

tNormally not used. (Too long a sample run).
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G. Laser Safety Eyewear

Laser safety eyewear is required at the exit of the laser to the boundary of the
ocular hazard zone. The determination of the minimum Optical Density (OD)
of the laser safety eyewear is based on the (worst case) CW radiant emission for
a ten second exposure at the laser exit (MPE, ).

MPE,, =C, x107° Wcmz

700 nm < A4 <1050 nm
10 sec <T <3x10*sec

Minimum Optical Density
Laser safety eyewear with a minimum optical density is to provide full

protection for the worst-case condition of the laser hazard.

The worst case, although very unlikely, is the direct intrabeam exposure to the
CW transmitted laser beam for 10 seconds [ANSI Std. Z136.1-2000 (Table 4a)].

(%)

ODmin = Iog YT
MPE

ODmin = |Og L
| MPE - A,

ODmin = |Og CD :l

| AEL
-3
oD,.. = log 7.46x10°w
_ﬁ.445x10-3 \%mz) (0.385 cm?)
oD, =1.13

Engineering controls shuts the laser “off” if the rotating mirror rotation rate falls
below 4 revolutions per second.
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H. Extended Source Correction

Extended source may apply to semiconductor laser diodes if the viewing angular
subtend is greater than «,.. [ANSI Std. Z136.1-1993 (8.1)].

min

QEye

Rotating Mirror Axis ‘

o
.

L

Viewing Angle

Figure 18

Viewing Angle

The extended source correction coefficient (C. ) applies when the viewing
angle (« ) exceeds minimum viewing angle («,,, ), specified as 1.5 milli-
radians in ANSI Std. Z136.1-2000 — Table 6 notes.

The viewing angle (« ) is a function of the laser diode emission surface size
(d,) and the distance from the laser (L ).

The distance from the laser is the sum of the radial distance (R ) from the
rotating mirror and the distance from the laser to the rotating mirror (r).
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Extended source correction applies for all radial distances where:

Qi = 99 _15x10 radians
r+R

The extended source to small source crossover distance (R, ) can be
determined.

Ry = d, —r
amin
- 0.25 crg 18 em
1.5x10

Crossover Distance (extended source to small source):

R, =148.7 cm

The small source NOHD is greater than the extended source to small source
cross over distance; hence the small source hazard is the appropriate hazard to
consider for the DeltaSphere-3000 in the “default” configuration.
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Modified Configuration

The transmitted laser beam intensity (radiant power) was reduced by the
inclusion of a Neutral Density (ND) filter of value NDO.1. A Rolyn®80 % T
filter was used to approximate a NDO.1 filter (~79%).

D O

emitted Z-total ’ laser

Total = (Twindow) ’ (Tﬁlter )
T = (0.9325)-(0.8)
7 = 0.746

D, oo = (0.746)-8 mw

emitted

(0] =597 mw

emitted

The radiant power was measured (5.72 mw) at the window exit after the
transmission filter with an Ophir Model 2A-SH power head (60 pw to 2 watts
CW @ £ 3% accuracy error) and an Ophir Model NOVA digital display
(calibrated in the NIR) combined system error + 4%. The measure value is
4.2% less than the calculated value based on nominal laser power of 8 mw.
Since the measured value of the radiant power was less than the calculated value
for the radiant power at exit, the higher calculated value is used throughout the
hazard analysis to maintain a conservative safety bias.

NOHD (1D Method)

The reduction of the emitted laser power from 7.46 mw to approximately 5.97
mw applied to the Excel 1D Model impacts the small source NOHD. The more
conservative 1D small source NOHD lies somewhere between ~106.7 cm and
~133.4 cm.

106.7 cm < NOHD <133.4 cm

small source

The small source NOHD is now less than the extended-source to small-source
crossover distance as a result the extended source correction factor can be
applied to the MPE determination and therefore also the AEL.

NOHD <R

small source X

133.4 cm <149 cm

The extended-source to small-source crossover distance was determined to be
approximately 149 centimeters (page 57).
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Radiant Energy (through the limiting aperture) & AELs
versus Radial Distance from the Rotating Mirror
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Figure 19

A plot of the radiant energy (1D) transmitted through the limiting aperture is less than the appropriate AEL
for both the small source and the extended source regions.

The average “pulsed” radiant energy transmitted through the limiting aperture is
below the appropriate AEL for both the extended source and the small source
regions. The extend source AEL region starts at the minimum viewing radial
distance, 10 centimeters, and extends to the extended source to small source
crossover distance, 149 centimeters, and the small source AEL region applies to
radial distances greater than 149 centimeters. The system with the reduced
emitted laser power by the ND filter presents a Class 1 laser hazard and maybe
considered “eye safe”.
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V1. Alternate Default Configuration

3" Tech has suggested an alternate default configuration of the DeltaSphere-
3000 Laser 3D Scene Digitizer to produce a Class 1 operation (see table 6 on
page 54 for 1D approximation), where the IR version is reprogrammed
(excluding 4 rev/sec at 13.3 sample density) as follows:

Mirror Rotation 8 revolutions / second
Sample Density 10 samples / degree

The current default configuration allows these operation parameters as well as
other operating parameters (as indicated in table 6) administratively, through
software controls, but the physical laser “shut off” is interlocked at four
revolutions per second and would have to be reset to eight revolutions per
second by 3™ Tech.

2D Laser Hazard Analysis for Alternate Configuration

The more conservative 1D approximation indicates an extended source Class 1
operation for the DeltaSphere-3000 at the alternative configuration (see table 6);
however, a 2D laser hazard analysis will also be performed to complete this
dual approach analysis.

The appropriate AEL and the radiant energy transmitted through the limiting
aperture as a function of integral number of pulses (from the Excel spreadsheet
model) that pertains to the alternate default configuration is presented in Table 7
below.

Table 7

AEL (Small Source & Extended Source) and (2D Q) Radiance
At Select Radial Distances

n R AELss AELEgs Qiim™
(cm) (nJ) (nJ) (nJ)
1 401.1 453 453 239
2 200.5 641 641 410
3 133.7 785 862 740
4 100.3 906 1280 999

*Transmitted radiance determined by the 2D method
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Radiance (J)

~NOHD (2D method)

The NOHD lies somewhere between, approximately 100 centimeters and
approximately 134 centimeters from the rotating mirror.

Radiance Through the Limiting Aperature (2D)
& small source AEL
versus Radial Distance from the Rotating Mirror
(Alternate Configuration)
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Figure 20

The plot of the radiant energy transmitted through the limiting aperture for the alternate
configuration of the 3" Tech DeltaSphere-3000 and the appropriate AEL versus the radial
distance from the rotating mirror yields a small source NOHD of approximately 123 centimeters

A comparison of the plots for the radiant energy transmitted through the
limiting aperture to the small source AEL at radial distance specific to three and
four pulse events yields a small source NOHD of approximately 123
centimeters (figure 20).

small source NOHD = ~123 cm

alternate configuration
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Extended Source Applicability

The extended source to small source crossover distance had previously been
calculated to be approximately 149 centimeters from the rotating mirror. Since
the small source NOHD (~123 cm) is less than the extended source to small
source crossover distance the Extended Source Correction is applicable to this
system.

Extended Source Correction

The form of extended source correction factor is given in ANSI Std. Z136.1-
2000 (Table 6) as:

The viewing angle (cr) was shown to be a function of the radial distance from
the rotating mirror (page 56)

d, _d,

" r+R L

Table 8

Extended Source Correction Factors - Alternate Configuration

n R L o o/ Omiin Ce
(cm) (cm) (radians)
1 401.1 419.1 0.6 x 107 0.4 1.00
2 200.5 218.5 1.15x 103 0.8 1.00
3 133.7 151.7 1.65 x 10°° 1.10 1.10
4 100.3 118.3 2.11x10° 1.41 1.41
5 80.2 98.2 2.55x 107 1.70 1.70
6 66.2 84.8 2.95x 107 1.96 1.96
7 57.3 75.3 3.32x10° 2.21 2.21
8 50.1 68.1 3.67 x 107 2.45 2.45
9 44.6 62.6 4.00 x 107 2.66 2.66
10 40.1 58.1 4.30 x 107 2.66 2.66
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Radiance (J)

Radiance Through the Limiting Aperature (2D)
& AEL (small & extended sources)
versus Radial Distance from the Rotating Mirror
(Alternate Configuration)
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Figure 21

A plot of the radiance transmitted through the limiting aperture (2D method) and both the
extended source as well as the small source AEL at the radial distances from the rotating mirror
for 1, 2, 3, and 4 pulse events shows that in these cases that the radiance through the limiting
aperture is less than the appropriate AEL. (Note: Although data points are presented for ~134
and ~200 centimeters; the Extended Source AEL is defined equaled to the Small Source AEL at
radial distances greater than ~149 centimeters.)

2D-System Laser Hazard Class

Recall that the extended source to small source crossover distance was
approximately 149 centimeters (page 57). A comparison of the radiance
transmitted through the limiting aperture using the 2D method (more accurate
method) to both the small source AEL and the extended source AEL at the
radial distances from the rotating mirror specific to 1, 2, 3, and 4 pulse events
shows that in these cases the transmitted radiance is less than the appropriate
AEL and can be considered a Class 1 laser system operation.
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Radiance (J)

Radiance Through Limiting Aperture (1D) for the
Alternate Configuration of the Deltasphere-3000 and
the AEL for Small Source and Extended Source
vs Radial Distance from the Rotating Mirror
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Figure 22

A plot of the radiance transmitted through the limiting aperture (1D) and both the extended source as
well as the small source AEL as a function of the radial distances from the rotating mirror shows that
in all cases the radiance through the limiting aperture is less than the appropriate AEL.

1D-System Laser Hazard Class

A comparison of the radiance transmitted through the limiting aperture using the
1D method (most conservative with regard to laser safety) to both the small
source AEL and the extended source AEL as a function of the radial distance
from the rotating mirror shows that in all cases the transmitted radiance is less
than the appropriate AEL and can be considered a Class 1 laser operation and
can be operated without restrictions, providing there is no focusing of the beam
after it exits the DeltaSphere-3000.
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VI1I. Conclusion

1. Small Source Hazard (Initial Configuration)

The small source hazard is the appropriate hazard to consider for the laser
hazard analysis (default operating conditions) of the 3" Tech DeltaSphere-
3000 Laser 3D Scene Digitizer. For the worst case, slowest allowed mirror
rotation rate (4 rev/sec), the NOHD (2D Q) associated with the default
operating condition is about 188 cm (from the rotating mirror). Laser safety
eyewear of at least 1.13 OD is required to be worn inside this ocular hazard

distance.
Mirror Rotation Sampling NOHD | Configuration
(Rev/Sec) (Samples/Degree) (cm)
4 13.3 ~188 Current
4 13.3 <133 Modified*

*Insertion of a ~80% transmission filter in the exit beam.
2. Insertion of Transmission Filter (Modified Configuration)

The insertion of an approximate 80 percent transmission filter at 780 nm
reduces the scanning laser beam power to where the NOHD is less than the
extended source to small source crossover distance. This allows for the
Extended Source Correction to be applied. The DeltaSphere-3000 laser output

presents a Class 1 laser system operation hazard even though it contains an
embedded Class 3b laser.

3. Alternate Configuration (8 rev/sec @ 10 samples/degree)

The alternate default configuration of the IR scanner suggested by 3™ Tech [8
mirror revolutions per second (interlocked minimum mirror rotation rate) and
a default sample density of 10 samples per degree], yields a small source
NOHD (~123 cm), which is less than the extended source to small source
crossover distance. With the Extended Source Correction applied, the
alternate default configuration of the 3" Tech DeltaSphere-3000 presents a
Class 1 system operation hazard with an embedded Class 3b IR laser.

4. Personnel Exclusion Zone

It is prudent, whenever possible, to maintain a personnel exclusion zone about
the scanner equal to the small source NOHD. Additionally, take steps to

insure that there are no focusing optics between the scanner and involved
personnel.
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VIII. Appendix: 1 (Single Scan Transmission)

In the radial distance range where: R, <R <R =882 cm

W=},

The shortest radial distance (R, ) from the rotating mirror where, at most, one
and only one scan (pulse) is transmitted through the rotating mirror.

lim

nd
2 scan

st
1" scan

Figure 23

The shortest radial distance (R;) where at most one and only one laser scan is
transmitted through the limiting aperture.

Beam Area Transmitted Through the Limiting Aperture For A Single Scan

Worst case the transmitted scan beam area is centered on the limiting aperture.

Aiim

Figure 24

The cross sectional area of the laser beam transmitted through the limiting aperture.
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Appendix 1

The area of the limiting aperture (d,,, )is:
T
Aim = Z (d fim )2

The value of the limiting aperture(d,;, ) is presented in ANSI Std. Z136.1-2000
(Table 8).

Component Areas of the Transmitted Beam Area

For radial distances where the cross sectional area (A_) of the laser beam

(transmitted through the limiting aperture) is less than the area of the limiting
aperture the transmitted beam area can be shown to be the sum of component
areas.

Ar < Alim

A

Figure 25

The cross sectional area of the laser beam transmitted through the limiting
aperture as a composite of several component areas.
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Appendix 1

The cross sectional area of the laser beam transmitted through the limiting
aperture can be equated to the sum of the composite areas.

A =2A + Ay

Wedge Area (pie shape)

Figure 26

The cross section area of the transmitted laser beam through the limiting
aperture is depicted with a pie shaped wedge area with its origin at the beam and
limiting aperture center.

The wedge area (Aq,) can be expressed as the product of the area of the limiting
aperture (A, ) and the ratio of the wedge angle (¢) to the complete circle (360°).

@
A=A |2
4 '”“(360°j
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Appendix 1

Wedge Composite Areas

This pie shaped wedge area can be constructed of composite areas as depicted in
the figure 27.

- w -
S
As
A1
hio? i
2
Figure 27

The pie shaped wedged area can be constructed of component areas.

The wedge (pie shaped) area (Aw) is constructed of the composite areas,
depicted as a chord-arc area(A, ) and two (equal) right triangle areas (A ).

A, =2A + A
Determination of the half wedge angle

With reference to figure 27, the sine of the wedge half angle is:

69



Appendix 1
Determination of the Wedge Angle

The wedge angle (¢)can be expressed as:
— 2sin|
¢ (dlim J

Determination of the Triangular Area

The height of the triangle (A, )can be expressed as:

COS

25in‘1[wj
h — (dlim dlim
2 2

The area of the triangle (A)) :

1 W 1
’*:z“'(zj:z“'w
(d"mjcos(fj
2 2

d sz—{dWJ

lim "W lim
= - COS

Ai 8 2

w
A=

Recall that the laser beam width can be expressed as a function of the radial
distance from the rotating mirror (page 11).
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Appendix 1

The triangular area can now be expressed as a function of the radial distance
from the rotating mirror.

d, +0(r + R)}j

2ﬁn4(
Al — dIim ) {do ge(r + R)} . oS 2 dlim

Determination of the Arc - Chord Area

The arc — chord area (A, ) is the difference of the wedge area and the triangular
areas.

A=A, -2A
As:Ar ( % j_z dlim'{do+0(r+R)}.COS ein [ lim
im 360° 8 5

Zsin‘l[ w j _ ( r+R) 2sin—1({do+e(r+R)}J |
i i - 1d, +O(r +R)y i
A = A %0 -2 5 cos ;
Zsin‘l({dOJre(rJrR)}J ZSin—l({doﬂg(rJrR)}j
= A dlim _ d|im ‘{do + 9(!’ + R)} S lim
A = Aim 360° 4 2
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Appendix 1

28in_{{d0 +6(r +R)}

A j ~dyy - {d, +6(r +R)} cos(sin‘{{d" +6(r + R)}D

As = Alim 3600 4

lim

Determination of the Rectangular Area

The solid green line shows the boundary of the rectangular area.

The area of the rectangle (A, )is the product of the combined heights and the
width.

Aeet = 2h-w

] 25inl(dWJ
Arectzz( ;’“jcos > lim 2~ | |- w
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Appendix 1

A —d_ .cos[sin—l(wn {d+6(r +R)}

dlim

The rectangular area can be expressed as a function of the radial distance from
the rotating mirror.

dIim

A = Gy -{d, +6(r + R} cos(sin‘l(wD

Cross Sectional Beam Area Transmitted through Limiting Aperture

A

Figure 29

The cross sectional area of the laser beam transmitted through the limiting
aperture for beam widths less than the limiting aperture.
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Appendix 1

The cross sectional area of the laser beam transmitted (A ) through the limiting
aperture is the sum of the rectangular area (Aect) and the chord-arc area(A, ).

A =2A + A

G W

NN )| g ltrolieR), (({d (& R)}D

_ J
vd, {d,+0(r + R)- cos(sin‘l({d" +olr+ R)}N

lim

d

lim

The cross sectional area of the laser beam transmitted through the limiting
aperture as a function of the radial distance from the rotating mirror can be
expressed as:

(2822
PGPSl S RS L)

-0, + 00+ R)}.cos(sml[{dome)}B

lim
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Appendix 1

sinl[{d" +0(r+R)}

A j Ay fd, + O+ R)}_COS[Sm{{dO +6(r + R)}B

Az = A1im 90c 2 d

lim

+dyy - 1d, + 0 +R)) cos(sinl[{dow(”'R)}B

d

lim
The scan area at the radial distance, R=533.4 cm:

Ascan =27R-wW
A... = 27(533.4 cm)-(0.526 cm)

A, =1762 cm?

The radiant energy (2D method) transmitted through the limiting aperture at the
radial distance of approximately 533 centimeters can be calculated as follows.

o -(2)[ 2]

0 B {7.46 ><103watts] (0.33 cm? — rev]
Mg ssgaem rev ’ 2
4 @c 1762 cm

QIimR=533A4cm :349X10_9 J
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Appendix 2: Two Scan Transmissions
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Figure 30

The spacing between the centerlines of two successive mirror scans is equal to
exactly one half the diameter of the limiting aperture.

At the radial distance of approximately 267 centimeters from the rotating mirror
the spacing between center-lines of the scans are equal to exactly half the

limiting aperture.
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Figure 31

Overlapping mirror scans at the radial distance, which allows just two such

mirror scans to transmit through the limiting aperture.
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Appendix 2

Placing the centerline of the limiting aperture at the centerline of the over-
lapped scan area allows for two equal mirror scan transmission areas plus two
small residual areas from adjacent scans. The small transmitted scan area from
the adjacent scan complicates the determination of the radiant pulse energies
used in the laser hazard analysis.
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Figure 32

The alignment of the limiting aperture’s centerline to the start of the second
scan produces only two, if two unequaled transmitted areas.

The determination of the radiant transmitted energy at this radial distance can be
simplified. The transmitted radiant energy can be approximated from the area of
the largest transmitted scan area. The two unequal scan areas are set equal to the
larger area (since the area contributed by the adjacent area, prior to “scan 1”
would be equal to area of “scan 2” outside the aperture).

This simplification and approximation of areas yields a higher transmitted
radiant energy for the second scan. The subsequent laser hazard analysis based
on the (transmitted) radiant energy determined by this approximation method
will necessarily yield results with a slight conservative safety bias, since it will
be assumed that both transmitted pulses will be equal to the largest of the
transmitted pulse radiance.
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Appendix 2

r— dirn

Figure 33

The transmitted radiant energy can be approximated from the transmitted
scan area.

The transmitted scan area can be determined by:
A=A — A

The “pie shaped area” can be calculated as follows:

S
A= A‘""(seoj

The arc-chord area is the difference between the “pie shaped area” and the sum
of the two right triangle areas.

A=A -2A,

w55 ()]
A=A o (Sl 4]
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Appendix 2

=cos*

(NERSY

%

(24

d CcO0S [dj

— A~ [ Bim sin n
Ah ( 2 ) 2

The “ A ” is difference between the beam width and half the limiting
aperture.

A:W_dli
2

A=d, +9(r+R)—d'%

Z(do +6(r + R)_dlzim]
cos™ .

lim

A=A, —(do +0(r+R)- dgmj-(d;"‘jsin
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Appendix 2

Z(do +0(r+ R)—d'zimj

d

cos™

A = Aim(g—‘goj—(do +0(r+R)- d;”‘)(d;m)si” 2

lim

2-cos‘1(2(d° +0(r+R)) 1}

d
360

lim

As:Aﬁm

2(d, +6(r + R))_lj

; cos‘l[ g
—(dﬁ@(HR)—%}-sin an

At the radial distance R=266.7 cm:

2.Cos_l[z(o.25+o.5><1o-3(18+ 266.7)) lj
0.7
360

A =(0.385 cm?).

C03_1(2(0.25+o.5><307-3(18+ 266.7))_1j

—(0.25+0.5x103(18+ 266.7)—0;27jcm-(0'72‘3mjsin >
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Appendix 2
A =0.163 cm®

The transmitted area of the mirror scan is:
A =Ain — A
A =0.385 cm*-0.163 cm?

A =0.222 cm®

The scan area at the radial distance, R=266.7 cm:

Ascan =27R-w

w=d, +6(r+R)=0.25 cm+0.5x10°(18 cm+266.7 cm)
w =0.392 cm

Ay = 272(266.7 cm)-(0.392 cm)

A, =657.5 cm?

The radiant energy transmitted through the limiting aperture at the radial
distance of approximately 267 centimeters can be calculated as follows.

on-(2)[2]

7.46x103watts | { 0.222 cm? —rev
Q|imR:266,7cm = 4 reV ) 658 Cm2
sec

Qiimy.,. =629.7x107 ]
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Appendix 3: Three Scan Transmissions
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Figure 34

At a radial distance of ~178 cm the centerlines of three mirror scans are transmitted through the
limiting aperture (a). Aligning the edge of the limiting aperture at the edge of the first can (b) yields
three unequaled areas of the transmitted scans.

At a radial distance of ~178 cm which allows the transmission of three, unequal
and somewhat over lapping mirror scans areas through the limiting aperture.
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Figure 35

The areas of transmitted scans (a) first scan, (b) second scan, and (c) third scan
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Appendix 3

From an inspection of the transmitted areas (figure 35) for the three mirror-
scans the area of the third mirror scan (c) is less than the first two (a) and (b)
and need not be evaluated. The largest transmitted area will determine the value
to be used for the transmitted radiant energy of all three of the scan pulses.

Area of 1% Mirror Scan

— W ——=

-— Scan 1=

Figure 36

The transmitted area of the first scan is approximately equal to half the area of
the limiting aperture.

The beam-width at a radial distance of 177.8 centimeters (from the rotating
mirror) can be calculated as follows:

w=0.25 cm+(0.5x10°). [18 cm+177.8 cm]

w=0.3479 cm

The beam-width of the first mirror scan transmitted through the limiting
aperture is approximately equal to half the limiting aperture.

2
0.3479 cm =~ 0.35 cm
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Appendix 3

The transmitted area of the first mirror scan is approximately equal to
half the area of the limiting area.

0.385 cm?

~A1im~
A 2

Area of 2" Mirror Scan

~0.1925 c¢cm?

The transmitted area of the second scan appears to be the larger, of the three

transmitted scan areas

With reference to figure 37 the following can be derived.

Figure 37

84



0.7 cm 0.3479 cm 0.7 cm
A= + -
3 2 2

A =0.05728 cm

The “a” pie shape dimensions are:

d, =@—0.05728 om

d, =0.1167 cm

Determination of the “a” pie shape wedge half angle:

Pa _ o5t Fa |- cost| 29
2 (dllmj dlim

2

Pa _ cos™
2

[2.(0.1167 cm)
0.7 cm

%2 _7053
2

Determination of the “a” pie shape wedge angle:

v, =(2)-(7053')

0, =141.1°
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Appendix 3

The area of the “a” pie shape (A%) as a proportion of the area limiting
aperture:

2
A =A .| X2
()
A =(0.385 cm?)| 2411
ve 360

A, =0.1508 cm’

The area of the two “a” pie shape isosceles triangles can be expressed as:

The sum of the two triangular areas is:

2A, =da(d'ﬂj-sin(&j
: 2 2

2A, =(0.1167 cm)-(o'7zcmj-sin(70.53°)

2A, =0.03851 cm?

The arc-chord area of the “a” pie shape is:

A=A, —2A,
A, =0.1508 cm*-0.03851 cm?

A, =0.1124 cm®
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Appendix 3

The “b” pie shape dimensions are:

d, LN
2

~0.3479 cm

d, +0.05728 cm

d, =0.2312 cm

Determination of the “b” pie shaped wedge half angle:

P _cos?t| o |~ cost| 2%
2 (dllmj dlim

2

Po _ cos?
2

0.7 cm

[2.(0.2312 cm)}

Po _ 48.65°
2

Determination of the “b” pie shaped wedge angle:
@, =2-48.65

9, =97.3°

The determination of the “b” pie shaped area (A%) is as follows:

@y
A =A .
= A2

A, = (0385 cmz)-[%j
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Appendix 3

A, =0.1040 cm*

The area of the two “b” side isosceles triangles can be expressed as:

The sum of the two triangular areas:

2A, =d, (d'%jsm(%)

2A, =(0.2312 cm)-(o'7zcm]-sin(48.65°)

b

2A, =0.06075 cm?

Ab = Al/’n _ZAAb
A =0.1040 cm*-0.06075 cm?

A =0.04325 cm?

The transmission area of the second scan (A,Z) can be determined as
follows:

A, =An—(A+A)
A, =(0.385 cm?)— (0.1123 cm? +0.04325 cm?)

A, =0.2293 cm?
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Appendix 3

The scan area at the radial distance, R=177.8 cm:

Ascan =27R-w

w=d, +6(r+R)=0.25 cm+0.5x10°(18 cm+177.8 cm)
w=0.348 cm

A = 27(177.8 cm)-(0.348 cm)

A, =388.7 cm?

The radiant energy (2D method) transmitted through the limiting aperture at the
radial distance of approximately 178 centimeters can be calculated as follows.

(2} 2]

o ~ {7.46x103watts} [0.2293 cm? — rev}
liMp_1778em rev . ’
4 4ec 388.7 cm

Q”mR:m.scm - 1'10X10_6 J
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Appendix 4: Four Scan Transmissions
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Figure 38

(@) At the radial distance of 133.4 centimeters from the rotating mirror the diameter of
the limiting aperture is divided equally by the four mirror scan centerlines. (b) Aligning
the edge of the limiting aperture with edge of the first mirror scans allows for the
transmission of four mirror scans (pulse events).

Aligning the edge of the limiting aperture to the same relative edge of the first
mirror scan at a radial distance of 133.4 centimeters allows for the transmission
of only four principle mirror scans through the limiting aperture. This
alignment produces four unequal transmitted areas that yield four unequaled
radiant pulse energies transmitted through the limiting aperture.

Area of Scan 1 Area of Scan 2 Area of Scan 3 Area of Scan 4

Figure 39

The figure shows the transmitted areas of each of the four mirror-scans at 133.4 cm radial distance.

90



Appendix 4
First Mirror Scan

The figure shows the transmitted area of the first mirror scan.

The scan width (w) at a radial distance of 133.4 centimeters can be calculated as
follows:

w=d, +6(r +R)
w=0.25 cm+(0.5x10%)- (18 cm+133.4 cm)

w=0.326 cm

SRS

0.7 cm 0.326 cm 0.7 cm
A= - +

A=0.012 cm
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Appendix 4

The determination of the wedge half angle for the first transmitted mirror-scan
is as follows.

P _ cost A | cos™ 2-A
2 dlim 5 d|im

=cos

NS

2-(0.012 cm)
0.7 cm

— =88.04"

NS

The determination of the wedge angle for the first transmitted mirror-scan is as
follows.

0= 2-(@: 2-(88.04°)

@ =176.08"

The wedge area can be determined to be:

N
A(p - Allm[3600j

A, =(0.385 sz)_(m.ogj

360°

A, =0.1883 cm?

The sum of the areas for the two isosceles triangles can be expressed as follows:

=)o)
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2. A, =(0.012 cm).[ 27T |jn| 8894
2 2
2-A, =0.0029 cm?

The transmitted area of the first mirror scan (through the limiting aperture) is
the difference between the wedge area and the two triangular areas.

A=A -2-A
A =0.1883 cm* -0.0029 cm?

A =0.1854 cm?

The transmitted area of the first mirror scan (through the limiting aperture) is
approximately equal to half the area of the limiting aperture.

Second Mirror Scan

The transmitted area of the second scan, by inspection, appears to be larger than
the other three areas. It is clearly larger than the transmitted areas of the third
and fourth mirror scans. The transmitted areas of the third and fourth scans (of
the rotating mirror) need not be evaluated since it is clear by inspection that they
are the smaller of the set of transmitted areas at this radial distance. Only the
larger area is used for the laser hazard analysis. The larger area will yield results
with a conservative laser safety bias.

93



Appendix 4

Figure 41

The figure shows the area of the second transmitted scan of the rotating mirror (purple).
Determination of “delta” (A) figure 41:

SEIEES

0.7 cm 0.326 cm 0.7 cm
A= - +
2 2 4

A =0.012 cm
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Determination of the “a” dimensions:

d,=—+A

2
d, =232 6615 ¢m
d, =0.175 cm

Appendix 4

The determination of the “a” side wedge half angle for the second transmitted

mirror-scan is as follows.

Pr_cost| -9 | = cost| 27
2 dlim lim
2
90 _ oo 2:(0.075 cm)

2 0.7 cm
P~ 60°
2

a

|

The determination of the “a” side wedge angle for the second transmitted

mirror-scan is as follows.

%~ 60°

2

@, =2-60°
@, =120°
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Appendix 4

The determination of the “a” wedge area (A% ):
®
A =A .72
va = Ain a0
120°
A, =10.385 cm?)-=——
Pa ( ) 3600

A,, =0.128 cm?

The determination of the sum of two “a” triangular areas (A, ):

2-A, =0.053 cm?

The “a” arc chord area (A, ) can be determined as follows:

A=A, -2-A,,
A, =0.128 cm® -0.053 cm®

A, =0.0752 cm®

96



Appendix 4

Determination of the “b” dimensions:

d, =2 A
© 2
d, = 9325 6615 ¢m
2
d, =0.151 cm

The determination of the “b” side wedge half angle for the second transmitted
mirror-scan is as follows.

P _ o5t Do | 2 cost 2%
2 dIim

lim

Py _ o1 2-(0151 cm)
2 0.7 cm
Po _ 64.50°

2

The determination of the “b” side wedge angle for the second transmitted
mirror-scan is as follows.

Po _ 64.50°
2

¢, =2-(64.50°)

o, =129°
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Appendix 4

The determination of the “b” wedge area (A%):

?y
A =A -
?p A1|m 3600

A, =(0.385 cmﬁ%

A,, =0.138 cm?

The determination of the sum of two “b” triangular areas(A, ):

2-A, = (db)-(d'%j-sin[%J

2.A, =(0.151 cm)-(o'?%j-sin(m.s")
2-A,, =0.00476 cm?

The “b” arc chord area (A, )can be determined as follows:
A=A, -2-A
A =0.138 cm*-0.0476 cm?

A, =0.0903 cm?

The transmitted area (A, ) is:
A=A, -(A+A)
A, =0.385 cm? —(0.0752 cm? +0.0903 cm?)

A =0.219 cm?
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Appendix 4

The scan area at a radial distance of 133.4 centimeters is:
A‘scan = (27[ R)W
A =2-7(133.4 cm)-0.326 cm

A, =272.9 cm?

The radiant power transmitted through the limiting aperture at a radial
distance of 133.4 centimeters is:

()
Qlim =
w

A
Ascan

7.46x102watts | ( 0.219 cm? —rev
Q|im133‘40m = 4 reV ) 2729 Cm2
sec

Q“m133.4cm = 15 X 1076 J
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00T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

OCO~NOOUAWNREDS

nm
mw

rev /sec
sample/degree
cm

AEL

V]
1.28E-06
1.81E-06
2.22E-06
2.56E-06
2.87E-06
3.14E-06
3.39E-06
3.62E-06
3.84E-06
4.05E-06
4.25E-06
4.44E-06
4.62E-06
4.80E-06
4.96E-06
5.13E-06
5.28E-06
5.44E-06
5.59E-06
5.73E-06
5.87E-06
6.01E-06
6.15E-06
6.28E-06
6.41E-06
6.53E-06
6.66E-06
6.78E-06
6.90E-06
7.02E-06
7.14E-06
7.25E-06
7.36E-06
7.47E-06
7.58E-06
7.69E-06
7.80E-06
8.00E-06
8.11E-06

Laser Hazard Model
do-
0=

Rotation time =
0=
Q=

Qiim

)
1.04E-06
2.07E-06
3.11E-06
4.14E-06
5.18E-06
6.22E-06
7.25E-06
8.29E-06
9.33E-06
1.04E-05
1.14E-05
1.24E-05
1.35E-05
1.45E-05
1.55E-05
1.66E-05
1.76E-05
1.87E-05
1.97E-05
2.07E-05
2.18E-05
2.28E-05
2.38E-05
2.49E-05
2.59E-05
2.69E-05
2.80E-05
2.90E-05
3.00E-05
3.11E-05
3.21E-05
3.32E-05
3.42E-05
3.52E-05
3.63E-05
3.73E-05
3.83E-05
4.04E-05
4.14E-05

0.25

0.5
0.2500
3.49E-03
1.40E-02

AELx

)
1.28E-06
2.55E-06
4.36E-06
6.27E-06
8.22E-06
1.02E-05
1.21E-05
1.40E-05
1.59E-05
1.77E-05
1.96E-05
2.13E-05
2.30E-05
2.47E-05
2.64E-05
2.80E-05
2.96E-05
3.11E-05
3.26E-05
3.41E-05
3.55E-05
3.69E-05
3.83E-05
3.97E-05
4.10E-05
4.24E-05
4.36E-05
4.49E-05
4.62E-05
4.74E-05
4.86E-05
4.98E-05
5.10E-05
5.21E-05
5.33E-05
5.44E-05
5.55E-05
5.76E-05
5.87E-05

for DeltaSphere-3000
cm Valid for R <
milliradians

sec NOHD =
radians

radian/sec Ajim=

Tiim t MPEyje 1
(sec) (sec) (chmz)
0.25 1.39E-04 3.33E-06
0.50 2.78E-04 5.60E-06
0.75 4.17E-04 7.59E-06
1.00 5.56E-04 9.41E-06
1.25 6.94E-04 1.11E-05
1.50 8.33E-04 1.28E-05
1.75 9.72E-04 1.43E-05
2.00 1.11E-03 1.58E-05
2.25 1.25E-03 1.73E-05
2.50 1.39E-03 1.87E-05
2.75 1.53E-03 2.01E-05
3.00 1.67E-03 2.15E-05
3.25 1.81E-03 2.28E-05
3.50 1.94E-03 2.41E-05
3.75 2.08E-03 2.54E-05
4.00 2.22E-03 2.66E-05
4.25 2.36E-03 2.79E-05
4.50 2.50E-03 2.91E-05
4.75 2.64E-03 3.03E-05
5.00 2.78E-03 3.15E-05
5.25 2.92E-03 3.27E-05
5.50 3.06E-03 3.38E-05
5.75 3.19E-03 3.50E-05
6.00 3.33E-03 3.61E-05
6.25 3.47E-03 3.72E-05
6.50 3.61E-03 3.83E-05
6.75 3.75E-03 3.94E-05
7.00 3.89E-03 4.05E-05
7.25 4.03E-03 4.16E-05
7.50 4.17E-03 4.27E-05
7.75 4.31E-03 4.37E-05
8.00 4.44E-03 4.48E-05
8.25 4.58E-03 4.58E-05
8.50 4.72E-03 4.69E-05
8.75 4.86E-03 4.79E-05
9.00 5.00E-03 4.89E-05
9.25 5.14E-03 4.99E-05
9.75 5.42E-03 5.19E-05

10.00 5.56E-03

5.29E-05

(NIR)
882
131.2
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm

cm

cm?

MPE e 3
(Irem?)

3.33E-06
4.71E-06
5.77E-06
6.66E-06
7.44E-06
8.15E-06
8.81E-06
9.41E-06
9.99E-06
1.05E-05
1.10E-05
1.15E-05
1.20E-05
1.25E-05
1.29E-05
1.33E-05
1.37E-05
1.41E-05
1.45E-05
1.49E-05
1.53E-05
1.56E-05
1.60E-05
1.63E-05
1.66E-05
1.70E-05
1.73E-05
1.76E-05
1.79E-05
1.82E-05
1.85E-05
1.88E-05
1.91E-05
1.94E-05
1.97E-05
2.00E-05
2.02E-05
2.08E-05
2.11E-05

(cm)
218.5
118.3
84.8
68.1
58.1
51.4
46.6
43.1
40.3
38.1
36.2
34.7
334
323
314
30.5
29.8
29.1
28.6
28.0
275
27.1
26.7
26.4
26.0
257
254
252
24.9
24.7
24.5
24.3
24.1
239
23.7
23.6
23.4
231
23.0

a

(radians)
1.14E-03
2.11E-03
2.95E-03
3.67E-03
4.30E-03
4.86E-03
5.36E-03
5.80E-03
6.21E-03
6.57E-03
6.90E-03
7.20E-03
7.48E-03
7.73E-03
7.97E-03
8.19E-03
8.39E-03
8.58E-03
8.76E-03
8.92E-03
9.07E-03
9.22E-03
9.36E-03
9.49E-03
9.61E-03
9.72E-03
9.83E-03
9.94E-03
1.00E-02
1.01E-02
1.02E-02
1.03E-02
1.04E-02
1.05E-02
1.05E-02
1.06E-02
1.07E-02
1.08E-02
1.09E-02

o/Olmin

7.63E-01
1.41E+00
1.96E+00
2.45E+00
2.87E+00
3.24E+00
3.57E+00
3.87E+00
4.14E+00
4.38E+00
4.60E+00
4.80E+00
4.99E+00
5.16E+00
5.31E+00
5.46E+00
5.59E+00
5.72E+00
5.84E+00
5.95E+00
6.05E+00
6.15E+00
6.24E+00
6.32E+00
6.40E+00
6.48E+00
6.55E+00
6.62E+00
6.69E+00
6.75E+00
6.81E+00
6.87E+00
6.92E+00
6.97E+00
7.02E+00
7.07E+00
7.12E+00
7.20E+00
7.24E+00
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TOT

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

©COENOOMWNRED

nm
mw

rev/sec
sample/degree
cm

AEL

)
7.62E-07
1.08E-06
1.32E-06
1.52E-06
1.70E-06
1.87E-06
2.02E-06
2.16E-06
2.29E-06
2.41E-06
2.53E-06
2.64E-06
2.75E-06
2.85E-06
2.95E-06
3.05E-06
3.14E-06
3.23E-06
3.32E-06
3.41E-06
3.49E-06
3.57E-06
3.65E-06
3.73E-06
3.81E-06
3.89E-06
3.96E-06
4.03E-06
4.10E-06
4.17E-06
4.24E-06
4.31E-06
4.38E-06
4.44E-06
4.51E-06
4.57E-06
4.64E-06
4.76E-06
4.82E-06

Laser Hazard Model
do-
0=

Rotation time =
®=
Q=

Qiim

)
5.18E-07
1.04E-06
1.55E-06
2.07E-06
2.59E-06
3.11E-06
3.63E-06
4.14E-06
4.66E-06
5.18E-06
5.70E-06
6.22E-06
6.73E-06
7.25E-06
7.77E-06
8.29E-06
8.81E-06
9.33E-06
9.84E-06
1.04E-05
1.09E-05
1.14E-05
1.19E-05
1.24E-05
1.30E-05
1.35E-05
1.40E-05
1.45E-05
1.50E-05
1.55E-05
1.61E-05
1.66E-05
1.71E-05
1.76E-05
1.81E-05
1.87E-05
1.92E-05
2.02E-05
2.07E-05

0.25

0.5
0.1250
3.49E-03
2.79E-02

AELx

V]
7.62E-07
1.52E-06
2.59E-06
3.73E-06
4.89E-06
6.05E-06
7.20E-06
8.34E-06
9.46E-06
1.06E-05
1.16E-05
1.27E-05
1.37E-05
1.47E-05
1.57E-05
1.66E-05
1.76E-05
1.85E-05
1.94E-05
2.03E-05
2.11E-05
2.20E-05
2.28E-05
2.36E-05
2.44E-05
2.52E-05
2.60E-05
2.67E-05
2.75E-05
2.82E-05
2.89E-05
2.96E-05
3.03E-05
3.10E-05
3.17E-05
3.23E-05
3.30E-05
3.43E-05
3.49E-05

DeltaSphere-3000

for

cm

milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.13 6.94E-05
0.25 1.39E-04
0.38 2.08E-04
0.50 2.78E-04
0.63 3.47E-04
0.75 4.17E-04
0.88 4.86E-04
1.00 5.56E-04
1.13 6.25E-04
1.25 6.94E-04
1.38 7.64E-04
1.50 8.33E-04
1.63 9.03E-04
1.75 9.72E-04
1.88 1.04E-03
2.00 1.11E-03
2.13 1.18E-03
2.25 1.25E-03
2.38 1.32E-03
2.50 1.39E-03
2.63 1.46E-03
2.75 1.53E-03
2.88 1.60E-03
3.00 1.67E-03
3.13 1.74E-03
3.25 1.81E-03
3.38 1.88E-03
3.50 1.94E-03
3.63 2.01E-03
3.75 2.08E-03
3.88 2.15E-03
4.00 2.22E-03
4.13 2.29E-03
4.25 2.36E-03
4.38 2.43E-03
4.50 2.50E-03
4.63 2.57E-03
4.88 2.71E-03
5.00 2.78E-03

Valid for R <

NOHD =
Aim=

MPEyje 1
(Ilem?)

1.98E-06
3.33E-06
4.51E-06
5.60E-06
6.62E-06
7.59E-06
8.52E-06
9.41E-06
1.03E-05
1.11E-05
1.20E-05
1.28E-05
1.36E-05
1.43E-05
1.51E-05
1.58E-05
1.66E-05
1.73E-05
1.80E-05
1.87E-05
1.94E-05
2.01E-05
2.08E-05
2.15E-05
2.21E-05
2.28E-05
2.34E-05
2.41E-05
2.47E-05
2.54E-05
2.60E-05
2.66E-05
2.73E-05
2.79E-05
2.85E-05
2.91E-05
2.97E-05
3.09E-05
3.15E-05

(NIR)
882

92.8
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm

cm

cm?

MPEqyie 3
(Irem?)

1.98E-06
2.80E-06
3.43E-06
3.96E-06
4.43E-06
4.85E-06
5.24E-06
5.60E-06
5.94E-06
6.26E-06
6.56E-06
6.86E-06
7.14E-06
7.41E-06
7.67E-06
7.92E-06
8.16E-06
8.40E-06
8.63E-06
8.85E-06
9.07E-06
9.28E-06
9.49E-06
9.70E-06
9.90E-06
1.01E-05
1.03E-05
1.05E-05
1.07E-05
1.08E-05
1.10E-05
1.12E-05
1.14E-05
1.15E-05
1.17E-05
1.19E-05
1.20E-05
1.24E-05
1.25E-05

(cm)
218.5
118.3
84.8
68.1
58.1
51.4
46.6
43.1
40.3
38.1
36.2
34.7
334
32.3
314
30.5
29.8
29.1
28.6
28.0
275
27.1
26.7
26.4
26.0
257
25.4
252
24.9
24.7
24.5
24.3
24.1
239
23.7
23.6
23.4
23.1
23.0

a

(radians)
1.14E-03
2.11E-03
2.95E-03
3.67E-03
4.30E-03
4.86E-03
5.36E-03
5.80E-03
6.21E-03
6.57E-03
6.90E-03
7.20E-03
7.48E-03
7.73E-03
7.97E-03
8.19E-03
8.39E-03
8.58E-03
8.76E-03
8.92E-03
9.07E-03
9.22E-03
9.36E-03
9.49E-03
9.61E-03
9.72E-03
9.83E-03
9.94E-03
1.00E-02
1.01E-02
1.02E-02
1.03E-02
1.04E-02
1.05E-02
1.05E-02
1.06E-02
1.07E-02
1.08E-02
1.09E-02

O/ Omin

7.63E-01

1.41E+00
1.96E+00
2.45E+00
2.87E+00
3.24E+00
3.57E+00
3.87E+00
4.14E+00
4.38E+00
4.60E+00
4.80E+00
4.99E+00
5.16E+00
5.31E+00
5.46E+00
5.59E+00
5.72E+00
5.84E+00
5.95E+00
6.05E+00
6.15E+00
6.24E+00
6.32E+00
6.40E+00
6.48E+00
6.55E+00
6.62E+00
6.69E+00
6.75E+00
6.81E+00
6.87E+00
6.92E+00
6.97E+00
7.02E+00
7.07E+00
7.12E+00
7.20E+00
7.24E+00
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¢0T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

©COENOOMWNRED

780
7.46
10

1.445

(cm)
200.5
100.3
66.8
50.1
40.1
33.4
28.6
25.1
223
20.1
18.2
16.7
15.4
14.3
13.4
125
118
1.1
10.6
10.0
9.5
9.1
8.7
8.4
8.0
7.7
7.4
7.2
6.9
6.7
6.5
6.3
6.1
59
5.7
5.6
54
51
5.0

nm
mw

rev/sec
sample/degree
cm

AEL

)
6.45E-07
9.12E-07
1.12E-06
1.29E-06
1.44E-06
1.58E-06
1.71E-06
1.82E-06
1.93E-06
2.04E-06
2.14E-06
2.23E-06
2.32E-06
2.41E-06
2.50E-06
2.58E-06
2.66E-06
2.73E-06
2.81E-06
2.88E-06
2.95E-06
3.02E-06
3.09E-06
3.16E-06
3.22E-06
3.29E-06
3.35E-06
3.41E-06
3.47E-06
3.53E-06
3.59E-06
3.65E-06
3.70E-06
3.76E-06
3.81E-06
3.87E-06
3.92E-06
4.03E-06
4.08E-06

Laser Hazard Model
do-
0=

Rotation time =
®=
Q=

Qiim

)
4.14E-07
8.29E-07
1.24E-06
1.66E-06
2.07E-06
2.49E-06
2.90E-06
3.32E-06
3.73E-06
4.14E-06
4.56E-06
4.97E-06
5.39E-06
5.80E-06
6.22E-06
6.63E-06
7.05E-06
7.46E-06
7.87E-06
8.29E-06
8.70E-06
9.12E-06
9.53E-06
9.95E-06
1.04E-05
1.08E-05
1.12E-05
1.16E-05
1.20E-05
1.24E-05
1.28E-05
1.33E-05
1.37E-05
1.41E-05
1.45E-05
1.49E-05
1.53E-05
1.62E-05
1.66E-05

0.25

0.5
0.1000
3.49E-03
3.49E-02

AELx

Y]
6.45E-07
1.28E-06
2.19E-06
3.15E-06
4.13E-06
5.12E-06
6.09E-06
7.06E-06
8.00E-06
8.93E-06
9.83E-06
1.07E-05
1.16E-05
1.24E-05
1.33E-05
1.41E-05
1.49E-05
1.56E-05
1.64E-05
1.71E-05
1.79E-05
1.86E-05
1.93E-05
2.00E-05
2.06E-05
2.13E-05
2.20E-05
2.26E-05
2.32E-05
2.38E-05
2.44E-05
2.50E-05
2.56E-05
2.62E-05
2.68E-05
2.73E-05
2.79E-05
2.90E-05
2.95E-05

DeltaSphere-3000

for

cm

milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.10 5.56E-05
0.20 1.11E-04
0.30 1.67E-04
0.40 2.22E-04
0.50 2.78E-04
0.60 3.33E-04
0.70 3.89E-04
0.80 4.44E-04
0.90 5.00E-04
1.00 5.56E-04
1.10 6.11E-04
1.20 6.67E-04
1.30 7.22E-04
1.40 7.78E-04
1.50 8.33E-04
1.60 8.89E-04
1.70 9.44E-04
1.80 1.00E-03
1.90 1.06E-03
2.00 1.11E-03
2.10 1.17E-03
2.20 1.22E-03
2.30 1.28E-03
2.40 1.33E-03
2.50 1.39E-03
2.60 1.44E-03
2.70 1.50E-03
2.80 1.56E-03
2.90 1.61E-03
3.00 1.67E-03
3.10 1.72E-03
3.20 1.78E-03
3.30 1.83E-03
3.40 1.89E-03
3.50 1.94E-03
3.60 2.00E-03
3.70 2.06E-03
3.90 2.17E-03
4.00 2.22E-03

Valid for R <

NOHD =
Aim=

MPEyje 1
(Ilem?)

1.67E-06
2.82E-06
3.82E-06
4.74E-06
5.60E-06
6.42E-06
7.21E-06
7.96E-06
8.70E-06
9.41E-06
1.01E-05
1.08E-05
1.15E-05
1.21E-05
1.28E-05
1.34E-05
1.40E-05
1.46E-05
1.52E-05
1.58E-05
1.64E-05
1.70E-05
1.76E-05
1.82E-05
1.87E-05
1.93E-05
1.98E-05
2.04E-05
2.09E-05
2.15E-05
2.20E-05
2.25E-05
2.31E-05
2.36E-05
2.41E-05
2.46E-05
2.51E-05
2.61E-05
2.66E-05

(NIR)
882

83.0
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm

cm

cm?

MPEqyie 3
(Irem?)

1.67E-06
2.37E-06
2.90E-06
3.35E-06
3.74E-06
4.10E-06
4.43E-06
4.74E-06
5.02E-06
5.29E-06
5.55E-06
5.80E-06
6.04E-06
6.26E-06
6.48E-06
6.70E-06
6.90E-06
7.10E-06
7.30E-06
7.49E-06
7.67E-06
7.85E-06
8.03E-06
8.20E-06
8.37E-06
8.54E-06
8.70E-06
8.86E-06
9.02E-06
9.17E-06
9.32E-06
9.47E-06
9.62E-06
9.76E-06
9.90E-06
1.00E-05
1.02E-05
1.05E-05
1.06E-05

(cm)
218.5
118.3
84.8
68.1
58.1
51.4
46.6
43.1
40.3
38.1
36.2
34.7
334
32.3
314
30.5
29.8
29.1
28.6
28.0
275
27.1
26.7
26.4
26.0
257
25.4
252
24.9
24.7
24.5
24.3
24.1
239
23.7
23.6
23.4
23.1
23.0

a

(radians)
1.14E-03
2.11E-03
2.95E-03
3.67E-03
4.30E-03
4.86E-03
5.36E-03
5.80E-03
6.21E-03
6.57E-03
6.90E-03
7.20E-03
7.48E-03
7.73E-03
7.97E-03
8.19E-03
8.39E-03
8.58E-03
8.76E-03
8.92E-03
9.07E-03
9.22E-03
9.36E-03
9.49E-03
9.61E-03
9.72E-03
9.83E-03
9.94E-03
1.00E-02
1.01E-02
1.02E-02
1.03E-02
1.04E-02
1.05E-02
1.05E-02
1.06E-02
1.07E-02
1.08E-02
1.09E-02

O/ Omin

7.63E-01

1.41E+00
1.96E+00
2.45E+00
2.87E+00
3.24E+00
3.57E+00
3.87E+00
4.14E+00
4.38E+00
4.60E+00
4.80E+00
4.99E+00
5.16E+00
5.31E+00
5.46E+00
5.59E+00
5.72E+00
5.84E+00
5.95E+00
6.05E+00
6.15E+00
6.24E+00
6.32E+00
6.40E+00
6.48E+00
6.55E+00
6.62E+00
6.69E+00
6.75E+00
6.81E+00
6.87E+00
6.92E+00
6.97E+00
7.02E+00
7.07E+00
7.12E+00
7.20E+00
7.24E+00
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€01

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Cp=

Number of Pulses

O©CO~NOUAWNERED

780
7.46
16

0.7
1.445

(cm)
200.5
100.3
66.8
50.1
40.1
33.4
28.6
25.1
223
20.1
18.2
16.7
15.4
14.3
13.4
125
11.8
1.1
10.6
10.0
9.5
9.1
8.7
8.4
8.0
7.7
7.4
7.2
6.9
6.7
6.5
6.3
6.1
5.9
5.7
5.6
5.4
51
5.0

nm

mw

rev / sec
sample/degree
cm

AEL

V]
4.53E-07
6.41E-07
7.85E-07
9.06E-07
1.01E-06
1.11E-06
1.20E-06
1.28E-06
1.36E-06
1.43E-06
1.50E-06
1.57E-06
1.63E-06
1.70E-06
1.75E-06
1.81E-06
1.87E-06
1.92E-06
1.97E-06
2.03E-06
2.08E-06
2.13E-06
2.17E-06
2.22E-06
2.27E-06
2.31E-06
2.35E-06
2.40E-06
2.44E-06
2.48E-06
2.52E-06
2.56E-06
2.60E-06
2.64E-06
2.68E-06
2.72E-06
2.76E-06
2.83E-06
2.87E-06

Laser Hazard Model
do -
0=

Rotation time =
0=
Q=

Qiim

)
2.59E-07
5.18E-07
7.77E-07
1.04E-06
1.30E-06
1.55E-06
1.81E-06
2.07E-06
2.33E-06
2.59E-06
2.85E-06
3.11E-06
3.37E-06
3.63E-06
3.89E-06
4.14E-06
4.40E-06
4.66E-06
4.92E-06
5.18E-06
5.44E-06
5.70E-06
5.96E-06
6.22E-06
6.48E-06
6.73E-06
6.99E-06
7.25E-06
7.51E-06
7.77E-06
8.03E-06
8.29E-06
8.55E-06
8.81E-06
9.07E-06
9.33E-06
9.58E-06
1.01E-05
1.04E-05

0.25

0.5
0.0625
3.49E-03
5.59E-02

AELx

)
4.53E-07
9.03E-07
1.54E-06
2.22E-06
2.91E-06
3.60E-06
4.28E-06
4.96E-06
5.62E-06
6.28E-06
6.91E-06
7.54E-06
8.15E-06
8.74E-06
9.32E-06
9.89E-06
1.04E-05
1.10E-05
1.15E-05
1.20E-05
1.26E-05
1.31E-05
1.36E-05
1.40E-05
1.45E-05
1.50E-05
1.54E-05
1.59E-05
1.63E-05
1.68E-05
1.72E-05
1.76E-05
1.80E-05
1.84E-05
1.88E-05
1.92E-05
1.96E-05
2.04E-05
2.08E-05

for

DeltaSphere-3000

cm
milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.06 3.47E-05
0.13 6.94E-05
0.19 1.04E-04
0.25 1.39E-04
0.31 1.74E-04
0.38 2.08E-04
0.44 2.43E-04
0.50 2.78E-04
0.56 3.13E-04
0.63 3.47E-04
0.69 3.82E-04
0.75 4.17E-04
0.81 4.51E-04
0.88 4.86E-04
0.94 5.21E-04
1.00 5.56E-04
1.06 5.90E-04
1.13 6.25E-04
1.19 6.60E-04
1.25 6.94E-04
1.31 7.29E-04
1.38 7.64E-04
1.44 7.99E-04
1.50 8.33E-04
1.56 8.68E-04
1.63 9.03E-04
1.69 9.38E-04
1.75 9.72E-04
1.81 1.01E-03
1.88 1.04E-03
1.94 1.08E-03
2.00 1.11E-03
2.06 1.15E-03
2.13 1.18E-03
2.19 1.22E-03
2.25 1.25E-03
231 1.28E-03
2.44 1.35E-03
2.50 1.39E-03

Valid for R <

NOHD =
Ajim=

MPEqyie 1
(Irem?)

1.18E-06
1.98E-06
2.68E-06
3.33E-06
3.94E-06
4.51E-06
5.06E-06
5.60E-06
6.12E-06
6.62E-06
7.11E-06
7.59E-06
8.06E-06
8.52E-06
8.97E-06
9.41E-06
9.85E-06
1.03E-05
1.07E-05
1.11E-05
1.15E-05
1.20E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.39E-05
1.43E-05
1.47E-05
1.51E-05
1.55E-05
1.58E-05
1.62E-05
1.66E-05
1.69E-05
1.73E-05
1.77E-05
1.84E-05
1.87E-05

(NIR)
882

65.6
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm
cm
cm?

MPEyie 3
(Ilem?)

1.18E-06
1.66E-06
2.04E-06
2.35E-06
2.63E-06
2.88E-06
3.11E-06
3.33E-06
3.53E-06
3.72E-06
3.90E-06
4.08E-06
4.24E-06
4.40E-06
4.56E-06
4.71E-06
4.85E-06
4.99E-06
5.13E-06
5.26E-06
5.39E-06
5.52E-06
5.64E-06
5.77E-06
5.88E-06
6.00E-06
6.12E-06
6.23E-06
6.34E-06
6.45E-06
6.55E-06
6.66E-06
6.76E-06
6.86E-06
6.96E-06
7.06E-06
7.16E-06
7.35E-06
7.44E-06

(cm)
218.5
118.3
84.8
68.1
58.1
51.4
46.6
43.1
40.3
38.1
36.2
34.7
33.4
323
31.4
30.5
29.8
29.1
28.6
28.0
27.5
27.1
26.7
26.4
26.0
25.7
25.4
25.2
24.9
247
24.5
243
24.1
23.9
23.7
23.6
23.4
23.1
23.0

V3
(radians)
1.14E-03
2.11E-03
2.95E-03
3.67E-03
4.30E-03
4.86E-03
5.36E-03
5.80E-03
6.21E-03
6.57E-03
6.90E-03
7.20E-03
7.48E-03
7.73E-03
7.97E-03
8.19E-03
8.39E-03
8.58E-03
8.76E-03
8.92E-03
9.07E-03
9.22E-03
9.36E-03
9.49E-03
9.61E-03
9.72E-03
9.83E-03
9.94E-03
1.00E-02
1.01E-02
1.02E-02
1.03E-02
1.04E-02
1.05E-02
1.05E-02
1.06E-02
1.07E-02
1.08E-02
1.09E-02

o/ Clmin

7.63E-01
1.41E+00
1.96E+00
2.45E+00
2.87E+00
3.24E+00
3.57E+00
3.87E+00
4.14E+00
4.38E+00
4.60E+00
4.80E+00
4.99E+00
5.16E+00
5.31E+00
5.46E+00
5.59E+00
5.72E+00
5.84E+00
5.95E+00
6.05E+00
6.15E+00
6.24E+00
6.32E+00
6.40E+00
6.48E+00
6.55E+00
6.62E+00
6.69E+00
6.75E+00
6.81E+00
6.87E+00
6.92E+00
6.97E+00
7.02E+00
7.07E+00
7.12E+00
7.20E+00
7.24E+00
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v0T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Cp=

Number of Pulses

O©CO~NOUAWNERED

780
7.46

6.66
0.7
1.445

(cm)
267.1
133.6
89.0
66.8
53.4
44.5
38.2
33.4
29.7
26.7
243
223
20.5
19.1
17.8
16.7
15.7
14.8
14.1
13.4
12.7
121
11.6
1.1
10.7
10.3
9.9
9.5
9.2
8.9
8.6
8.3
8.1
7.9
7.6
7.4
7.2
6.8
6.7

nm

mw

rev / sec
sample/degree
cm

AEL

V]
1.03E-06
1.46E-06
1.79E-06
2.07E-06
2.31E-06
2.53E-06
2.73E-06
2.92E-06
3.10E-06
3.27E-06
3.43E-06
3.58E-06
3.73E-06
3.87E-06
4.00E-06
4.13E-06
4.26E-06
4.39E-06
4.51E-06
4.62E-06
4.74E-06
4.85E-06
4.96E-06
5.06E-06
5.17E-06
5.27E-06
5.37E-06
5.47E-06
5.57E-06
5.66E-06
5.75E-06
5.85E-06
5.94E-06
6.03E-06
6.11E-06
6.20E-06
6.29E-06
6.45E-06
6.54E-06

Laser Hazard Model
do -
0=

Rotation time =
0=
Q=

Qiim

)
7.78E-07
1.56E-06
2.33E-06
3.11E-06
3.89E-06
4.67E-06
5.45E-06
6.22E-06
7.00E-06
7.78E-06
8.56E-06
9.33E-06
1.01E-05
1.09E-05
1.17E-05
1.24E-05
1.32E-05
1.40E-05
1.48E-05
1.56E-05
1.63E-05
1.71E-05
1.79E-05
1.87E-05
1.94E-05
2.02E-05
2.10E-05
2.18E-05
2.26E-05
2.33E-05
2.41E-05
2.49E-05
2.57E-05
2.64E-05
2.72E-05
2.80E-05
2.88E-05
3.03E-05
3.11E-05

0.25

0.5
0.2500
2.62E-03
1.05E-02

AELx

)
1.03E-06
1.61E-06
2.79E-06
4.06E-06
5.39E-06
6.75E-06
8.12E-06
9.48E-06
1.08E-05
1.22E-05
1.35E-05
1.48E-05
1.61E-05
1.74E-05
1.86E-05
1.99E-05
2.11E-05
2.23E-05
2.34E-05
2.46E-05
2.57E-05
2.68E-05
2.79E-05
2.90E-05
3.00E-05
3.11E-05
3.21E-05
3.31E-05
3.41E-05
3.51E-05
3.60E-05
3.70E-05
3.79E-05
3.88E-05
3.98E-05
4.07E-05
4.16E-05
4.33E-05
4.41E-05

for

DeltaSphere-3000

cm
milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.25 1.04E-04
0.50 2.09E-04
0.75 3.13E-04
1.00 4.17E-04
1.25 5.21E-04
1.50 6.26E-04
1.75 7.30E-04
2.00 8.34E-04
2.25 9.38E-04
2.50 1.04E-03
2.75 1.15E-03
3.00 1.25E-03
3.25 1.36E-03
3.50 1.46E-03
3.75 1.56E-03
4.00 1.67E-03
4.25 1.77E-03
4.50 1.88E-03
4.75 1.98E-03
5.00 2.09E-03
5.25 2.19E-03
5.50 2.29E-03
5.75 2.40E-03
6.00 2.50E-03
6.25 2.61E-03
6.50 2.71E-03
6.75 2.82E-03
7.00 2.92E-03
7.25 3.02E-03
7.50 3.13E-03
7.75 3.23E-03
8.00 3.34E-03
8.25 3.44E-03
8.50 3.55E-03
8.75 3.65E-03
9.00 3.75E-03
9.25 3.86E-03
9.75 4.07E-03
10.00 4.17E-03

Valid for R <

NOHD =
Ajim=

MPEqyie 1
(Irem?)

2.68E-06
4.52E-06
6.12E-06
7.59E-06
8.98E-06
1.03E-05
1.16E-05
1.28E-05
1.40E-05
1.51E-05
1.62E-05
1.73E-05
1.84E-05
1.94E-05
2.05E-05
2.15E-05
2.25E-05
2.35E-05
2.44E-05
2.54E-05
2.63E-05
2.73E-05
2.82E-05
2.91E-05
3.00E-05
3.09E-05
3.18E-05
3.27E-05
3.36E-05
3.44E-05
3.53E-05
3.61E-05
3.70E-05
3.78E-05
3.86E-05
3.95E-05
4.03E-05
4.19E-05
4.27E-05

(NIR)
882
151.4
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm
cm
cm?

MPEyie 3
(Ilem?)

2.68E-06
3.80E-06
4.65E-06
5.37E-06
6.00E-06
6.58E-06
7.10E-06
7.59E-06
8.05E-06
8.49E-06
8.90E-06
9.30E-06
9.68E-06
1.00E-05
1.04E-05
1.07E-05
1.11E-05
1.14E-05
1.17E-05
1.20E-05
1.23E-05
1.26E-05
1.29E-05
1.32E-05
1.34E-05
1.37E-05
1.40E-05
1.42E-05
1.45E-05
1.47E-05
1.49E-05
1.52E-05
1.54E-05
1.57E-05
1.59E-05
1.61E-05
1.63E-05
1.68E-05
1.70E-05

(cm)
285.1
151.6
107.0
84.8
71.4
62.5
56.2
51.4
47.7
447
423
403
385
37.1
35.8
347
33.7
328
321
31.4
30.7
30.1
29.6
29.1
28.7
28.3
27.9
275
27.2
26.9
26.6
26.3
26.1
25.9
25.6
25.4
25.2
24.8
247

V3
(radians)
8.77E-04
1.65E-03
2.34E-03
2.95E-03
3.50E-03
4.00E-03
4.45E-03
4.86E-03
5.24E-03
5.59E-03
5.91E-03
6.21E-03
6.49E-03
6.74E-03
6.98E-03
7.21E-03
7.42E-03
7.61E-03
7.80E-03
7.97E-03
8.14E-03
8.29E-03
8.44E-03
8.58E-03
8.72E-03
8.84E-03
8.96E-03
9.08E-03
9.19E-03
9.29E-03
9.39E-03
9.49E-03
9.58E-03
9.67E-03
9.75E-03
9.83E-03
9.91E-03
1.01E-02
1.01E-02

o/ Clmin

5.85E-01
1.10E+00
1.56E+00
1.97E+00
2.33E+00
2.67E+00
2.97E+00
3.24E+00
3.50E+00
3.73E+00
3.94E+00
4.14E+00
4.32E+00
4.49E+00
4.65E+00
4.80E+00
4.94E+00
5.08E+00
5.20E+00
5.32E+00
5.43E+00
5.53E+00
5.63E+00
5.72E+00
5.81E+00
5.89E+00
5.98E+00
6.05E+00
6.13E+00
6.19E+00
6.26E+00
6.33E+00
6.39E+00
6.45E+00
6.50E+00
6.56E+00
6.61E+00
6.71E+00
6.75E+00
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S0T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

CoO~NOOUAWNEREDS

780
7.46

6.66
1.445

(cm)
267.1
133.6
89.0
66.8
53.4
445
38.2
33.4
29.7
26.7
24.3
22.3
20.5
19.1
17.8
16.7
15.7
14.8
14.1
13.4
12.7
121
11.6
111
10.7
10.3
9.9
9.5
9.2
8.9
8.6
8.3
8.1
7.9
7.6
7.4
7.2
6.8
6.7

nm

mw

rev /sec
sample/degree
cm

AEL

V]
6.15E-07
8.69E-07
1.06E-06
1.23E-06
1.37E-06
1.51E-06
1.63E-06
1.74E-06
1.84E-06
1.94E-06
2.04E-06
2.13E-06
2.22E-06
2.30E-06
2.38E-06
2.46E-06
2.53E-06
2.61E-06
2.68E-06
2.75E-06
2.82E-06
2.88E-06
2.95E-06
3.01E-06
3.07E-06
3.13E-06
3.19E-06
3.25E-06
3.31E-06
3.37E-06
3.42E-06
3.48E-06
3.53E-06
3.58E-06
3.64E-06
3.69E-06
3.74E-06
3.84E-06
3.89E-06

Laser Hazard Model
do-
0=

Rotation time =
0=
Q=

Qiim

)
3.89E-07
7.78E-07
1.17E-06
1.56E-06
1.94E-06
2.33E-06
2.72E-06
3.11E-06
3.50E-06
3.89E-06
4.28E-06
4.67E-06
5.06E-06
5.45E-06
5.83E-06
6.22E-06
6.61E-06
7.00E-06
7.39E-06
7.78E-06
8.17E-06
8.56E-06
8.95E-06
9.33E-06
9.72E-06
1.01E-05
1.05E-05
1.09E-05
1.13E-05
1.17E-05
1.21E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.40E-05
1.44E-05
1.52E-05
1.56E-05

0.25

0.5
0.1250
2.62E-03
2.10E-02

AELxX

)
6.15E-07
9.56E-07
1.66E-06
2.42E-06
3.21E-06
4.01E-06
4.83E-06
5.64E-06
6.45E-06
7.24E-06
8.03E-06
8.81E-06
9.58E-06
1.03E-05
1.11E-05
1.18E-05
1.25E-05
1.32E-05
1.39E-05
1.46E-05
1.53E-05
1.59E-05
1.66E-05
1.72E-05
1.79E-05
1.85E-05
1.91E-05
1.97E-05
2.03E-05
2.09E-05
2.14E-05
2.20E-05
2.25E-05
2.31E-05
2.36E-05
2.42E-05
2.47E-05
2.57E-05
2.63E-05

for

DeltaSphere-3000

cm
milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.13 5.21E-05
0.25 1.04E-04
0.38 1.56E-04
0.50 2.09E-04
0.63 2.61E-04
0.75 3.13E-04
0.88 3.65E-04
1.00 4.17E-04
113 4.69E-04
1.25 5.21E-04
1.38 5.73E-04
1.50 6.26E-04
1.63 6.78E-04
1.75 7.30E-04
1.88 7.82E-04
2.00 8.34E-04
2.13 8.86E-04
2.25 9.38E-04
2.38 9.91E-04
2.50 1.04E-03
2.63 1.09E-03
2.75 1.15E-03
2.88 1.20E-03
3.00 1.25E-03
3.13 1.30E-03
3.25 1.36E-03
3.38 1.41E-03
3.50 1.46E-03
3.63 1.51E-03
3.75 1.56E-03
3.88 1.62E-03
4.00 1.67E-03
4.13 1.72E-03
4.25 1.77E-03
4.38 1.82E-03
4.50 1.88E-03
4.63 1.93E-03
4.88 2.03E-03
5.00 2.09E-03

Valid for R <

NOHD =
Aim=

MPEyje 1
(Jlem?)

1.60E-06
2.68E-06
3.64E-06
4.52E-06
5.34E-06
6.12E-06
6.87E-06
7.59E-06
8.29E-06
8.98E-06
9.64E-06
1.03E-05
1.09E-05
1.16E-05
1.22E-05
1.28E-05
1.34E-05
1.40E-05
1.45E-05
1.51E-05
1.57E-05
1.62E-05
1.68E-05
1.73E-05
1.78E-05
1.84E-05
1.89E-05
1.94E-05
1.99E-05
2.05E-05
2.10E-05
2.15E-05
2.20E-05
2.25E-05
2.30E-05
2.35E-05
2.39E-05
2.49E-05
2.54E-05

(NIR)
882
107.1
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm

cm

cm?

MPE e 3
(Irem?)

1.60E-06
2.26E-06
2.76E-06
3.19E-06
3.57E-06
3.91E-06
4.22E-06
4.52E-06
4.79E-06
5.05E-06
5.29E-06
5.53E-06
5.76E-06
5.97E-06
6.18E-06
6.39E-06
6.58E-06
6.77E-06
6.96E-06
7.14E-06
7.32E-06
7.49E-06
7.66E-06
7.82E-06
7.98E-06
8.14E-06
8.29E-06
8.45E-06
8.60E-06
8.74E-06
8.89E-06
9.03E-06
9.17E-06
9.31E-06
9.44E-06
9.58E-06
9.71E-06
9.97E-06
1.01E-05

(cm)
285.1
151.6
107.0
84.8
71.4
62.5
56.2
51.4
47.7
447
423
40.3
38.5
37.1
35.8
34.7
33.7
32.8
321
31.4
30.7
30.1
29.6
29.1
28.7
28.3
27.9
27.5
27.2
26.9
26.6
26.3
26.1
259
256
254
252
24.8
24.7

o

(radians)
8.77E-04
1.65E-03
2.34E-03
2.95E-03
3.50E-03
4.00E-03
4.45E-03
4.86E-03
5.24E-03
5.59E-03
5.91E-03
6.21E-03
6.49E-03
6.74E-03
6.98E-03
7.21E-03
7.42E-03
7.61E-03
7.80E-03
7.97E-03
8.14E-03
8.29E-03
8.44E-03
8.58E-03
8.72E-03
8.84E-03
8.96E-03
9.08E-03
9.19E-03
9.29E-03
9.39E-03
9.49E-03
9.58E-03
9.67E-03
9.75E-03
9.83E-03
9.91E-03
1.01E-02
1.01E-02

o/Olmin

5.85E-01
1.10E+00
1.56E+00
1.97E+00
2.33E+00
2.67E+00
2.97E+00
3.24E+00
3.50E+00
3.73E+00
3.94E+00
4.14E+00
4.32E+00
4.49E+00
4.65E+00
4.80E+00
4.94E+00
5.08E+00
5.20E+00
5.32E+00
5.43E+00
5.53E+00
5.63E+00
5.72E+00
5.81E+00
5.89E+00
5.98E+00
6.05E+00
6.13E+00
6.19E+00
6.26E+00
6.33E+00
6.39E+00
6.45E+00
6.50E+00
6.56E+00
6.61E+00
6.71E+00
6.75E+00
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90T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

©CO~NOOUAWNERED

780
7.46

6.66
0.7
1.445

(cm)
267.1
133.6
89.0
66.8
53.4
44.5
38.2
33.4
29.7
26.7
243
223
20.5
19.1
17.8
16.7
15.7
14.8
14.1
13.4
12.7
12.1
11.6
111
10.7
10.3
9.9
9.5
9.2
8.9
8.6
8.3
8.1
7.9
7.6
7.4
7.2
6.8
6.7

nm
mw

rev/sec
sample/degree
cm

AEL

)
5.20E-07
7.35E-07
9.00E-07
1.04E-06
1.16E-06
1.27E-06
1.38E-06
1.47E-06
1.56E-06
1.64E-06
1.72E-06
1.80E-06
1.87E-06
1.95E-06
2.01E-06
2.08E-06
2.14E-06
2.21E-06
2.27E-06
2.32E-06
2.38E-06
2.44E-06
2.49E-06
2.55E-06
2.60E-06
2.65E-06
2.70E-06
2.75E-06
2.80E-06
2.85E-06
2.89E-06
2.94E-06
2.99E-06
3.03E-06
3.08E-06
3.12E-06
3.16E-06
3.25E-06
3.29E-06

Laser Hazard Model
do -
0=

Rotation time =
®=
Q=

Qiim

)
3.11E-07
6.22E-07
9.33E-07
1.24E-06
1.56E-06
1.87E-06
2.18E-06
2.49E-06
2.80E-06
3.11E-06
3.42E-06
3.73E-06
4.04E-06
4.36E-06
4.67E-06
4.98E-06
5.29E-06
5.60E-06
5.91E-06
6.22E-06
6.53E-06
6.85E-06
7.16E-06
7.47E-06
7.78E-06
8.09E-06
8.40E-06
8.71E-06
9.02E-06
9.33E-06
9.65E-06
9.96E-06
1.03E-05
1.06E-05
1.09E-05
1.12E-05
1.15E-05
1.21E-05
1.24E-05

0.25

0.5
0.1000
2.62E-03
2.62E-02

AELx

V]
5.20E-07
8.09E-07
1.40E-06
2.04E-06
2.71E-06
3.39E-06
4.08E-06
4.77E-06
5.45E-06
6.13E-06
6.80E-06
7.46E-06
8.10E-06
8.74E-06
9.37E-06
9.99E-06
1.06E-05
1.12E-05
1.18E-05
1.24E-05
1.29E-05
1.35E-05
1.40E-05
1.46E-05
1.51E-05
1.56E-05
1.61E-05
1.66E-05
1.71E-05
1.76E-05
1.81E-05
1.86E-05
1.91E-05
1.95E-05
2.00E-05
2.05E-05
2.09E-05
2.18E-05
2.22E-05

DeltaSphere-3000

for

cm

milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.10 4.17E-05
0.20 8.34E-05
0.30 1.25E-04
0.40 1.67E-04
0.50 2.09E-04
0.60 2.50E-04
0.70 2.92E-04
0.80 3.34E-04
0.90 3.75E-04
1.00 4.17E-04
1.10 4.59E-04
1.20 5.01E-04
1.30 5.42E-04
1.40 5.84E-04
1.50 6.26E-04
1.60 6.67E-04
1.70 7.09E-04
1.80 7.51E-04
1.90 7.92E-04
2.00 8.34E-04
2.10 8.76E-04
2.20 9.18E-04
2.30 9.59E-04
2.40 1.00E-03
2.50 1.04E-03
2.60 1.08E-03
2.70 1.13E-03
2.80 1.17E-03
2.90 1.21E-03
3.00 1.25E-03
3.10 1.29€E-03
3.20 1.33E-03
3.30 1.38E-03
3.40 1.42E-03
3.50 1.46E-03
3.60 1.50E-03
3.70 1.54E-03
3.90 1.63E-03
4.00 1.67E-03

Valid for R <

NOHD =
Aim=

MPEyie 1
(Jrem?)

1.35E-06
2.27E-06
3.08E-06
3.82E-06
4,52E-06
5.18E-06
5.81E-06
6.42E-06
7.02E-06
7.59E-06
8.16E-06
8.71E-06
9.24E-06
9.77E-06
1.03E-05
1.08E-05
1.13E-05
1.18E-05
1.23E-05
1.28E-05
1.32E-05
1.37E-05
1.42E-05
1.46E-05
1.51E-05
1.55E-05
1.60E-05
1.64E-05
1.69E-05
1.73E-05
1.77E-05
1.82E-05
1.86E-05
1.90E-05
1.94E-05
1.98E-05
2.03E-05
2.11E-05
2.15E-05

(NIR)
882

95.8
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm
cm
cm?

MPEyje 3
(Irem?)

1.35E-06
1.91E-06
2.34E-06
2.70E-06
3.02E-06
3.31E-06
3.57E-06
3.82E-06
4,05E-06
4.27E-06
4.48E-06
4.68E-06
4.87E-06
5.05E-06
5.23E-06
5.40E-06
5.57E-06
5.73E-06
5.89E-06
6.04E-06
6.19E-06
6.33E-06
6.48E-06
6.62E-06
6.75E-06
6.89E-06
7.02E-06
7.15E-06
7.27E-06
7.40E-06
7.52E-06
7.64E-06
7.76E-06
7.87E-06
7.99E-06
8.10E-06
8.21E-06
8.43E-06
8.54E-06

(cm)
285.1
151.6
107.0
84.8
71.4
62.5
56.2
51.4
47.7
447
423
403
385
37.1
35.8
34.7
33.7
328
32.1
31.4
30.7
30.1
29.6
29.1
28.7
28.3
27.9
275
27.2
26.9
26.6
26.3
26.1
25.9
25.6
25.4
25.2
24.8
24.7

a
(radians)
8.77E-04
1.65E-03
2.34E-03
2.95E-03
3.50E-03
4.00E-03
4.45E-03
4.86E-03
5.24E-03
5.59E-03
5.91E-03
6.21E-03
6.49E-03
6.74E-03
6.98E-03
7.21E-03
7.42E-03
7.61E-03
7.80E-03
7.97E-03
8.14E-03
8.29E-03
8.44E-03
8.58E-03
8.72E-03
8.84E-03
8.96E-03
9.08E-03
9.19E-03
9.29E-03
9.39E-03
9.49E-03
9.58E-03
9.67E-03
9.75E-03
9.83E-03
9.91E-03
1.01E-02
1.01E-02

/Ol

5.85E-01

1.10E+00
1.56E+00
1.97E+00
2.33E+00
2.67E+00
2.97E+00
3.24E+00
3.50E+00
3.73E+00
3.94E+00
4.14E+00
4.32E+00
4.49E+00
4.65E+00
4.80E+00
4.94E+00
5.08E+00
5.20E+00
5.32E+00
5.43E+00
5.53E+00
5.63E+00
5.72E+00
5.81E+00
5.89E+00
5.98E+00
6.05E+00
6.13E+00
6.19E+00
6.26E+00
6.33E+00
6.39E+00
6.45E+00
6.50E+00
6.56E+00
6.61E+00
6.71E+00
6.75E+00
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L0T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

©CO~NOOUAWNERED

780
7.46

0.7
1.445

(cm)
401.1
200.5
133.7
100.3
80.2
66.8
57.3
50.1
44.6
40.1
36.5
33.4
30.9
28.6
26.7
25.1
23.6
223
211
20.1
191
18.2
17.4
16.7
16.0
15.4
14.9
14.3
13.8
13.4
12.9
125
12.2
118
115
111
10.8
10.3
10.0

nm
mw

rev/sec
sample/degree
cm

AEL

)
7.62E-07
1.08E-06
1.32E-06
1.52E-06
1.70E-06
1.87E-06
2.02E-06
2.16E-06
2.29E-06
2.41E-06
2.53E-06
2.64E-06
2.75E-06
2.85E-06
2.95E-06
3.05E-06
3.14E-06
3.23E-06
3.32E-06
3.41E-06
3.49E-06
3.57E-06
3.65E-06
3.73E-06
3.81E-06
3.89E-06
3.96E-06
4.03E-06
4.10E-06
4.17E-06
4.24E-06
4.31E-06
4.38E-06
4.44E-06
4.51E-06
4.57E-06
4.64E-06
4.76E-06
4.82E-06

Laser Hazard Model
do -
0=

Rotation time =
®=
Q=

Qiim

)
5.18E-07
1.04E-06
1.55E-06
2.07E-06
2.59E-06
3.11E-06
3.63E-06
4.14E-06
4.66E-06
5.18E-06
5.70E-06
6.22E-06
6.73E-06
7.25E-06
7.77E-06
8.29E-06
8.81E-06
9.33E-06
9.84E-06
1.04E-05
1.09E-05
1.14E-05
1.19E-05
1.24E-05
1.30E-05
1.35E-05
1.40E-05
1.45E-05
1.50E-05
1.55E-05
1.61E-05
1.66E-05
1.71E-05
1.76E-05
1.81E-05
1.87E-05
1.92E-05
2.02E-05
2.07E-05

0.25

0.5
0.2500
1.75E-03
6.98E-03

AELx

V]
7.62E-07
1.08E-06
1.45E-06
2.15E-06
2.89E-06
3.67E-06
4.46E-06
5.27E-06
6.09E-06
6.91E-06
7.73E-06
8.56E-06
9.37E-06
1.02E-05
1.10E-05
1.18E-05
1.26E-05
1.34E-05
1.42E-05
1.49E-05
1.57E-05
1.64E-05
1.72E-05
1.79E-05
1.87E-05
1.94E-05
2.01E-05
2.08E-05
2.15E-05
2.22E-05
2.29E-05
2.35E-05
2.42E-05
2.49E-05
2.55E-05
2.61E-05
2.68E-05
2.80E-05
2.87E-05

DeltaSphere-3000

for

cm

milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.25 6.94E-05
0.50 1.39E-04
0.75 2.08E-04
1.00 2.78E-04
1.25 3.47E-04
1.50 4.17E-04
1.75 4.86E-04
2.00 5.56E-04
2.25 6.25E-04
2.50 6.94E-04
2.75 7.64E-04
3.00 8.33E-04
3.25 9.03E-04
3.50 9.72E-04
3.75 1.04E-03
4.00 1.11E-03
4.25 1.18E-03
4.50 1.25E-03
4.75 1.32E-03
5.00 1.39E-03
5.25 1.46E-03
5.50 1.53E-03
5.75 1.60E-03
6.00 1.67E-03
6.25 1.74E-03
6.50 1.81E-03
6.75 1.88E-03
7.00 1.94E-03
7.25 2.01E-03
7.50 2.08E-03
7.75 2.15E-03
8.00 2.22E-03
8.25 2.29E-03
8.50 2.36E-03
8.75 2.43E-03
9.00 2.50E-03
9.25 2.57E-03
9.75 2.71E-03
10.00 2.78E-03

Valid for R <

NOHD =
Aim=

MPEyie 1
(Jrem?)

1.98E-06
3.33E-06
4.51E-06
5.60E-06
6.62E-06
7.59E-06
8.52E-06
9.41E-06
1.03E-05
1.11E-05
1.20E-05
1.28E-05
1.36E-05
1.43E-05
1.51E-05
1.58E-05
1.66E-05
1.73E-05
1.80E-05
1.87E-05
1.94E-05
2.01E-05
2.08E-05
2.15E-05
2.21E-05
2.28E-05
2.34E-05
2.41E-05
2.47E-05
2.54E-05
2.60E-05
2.66E-05
2.73E-05
2.79E-05
2.85E-05
2.91E-05
2.97E-05
3.09E-05
3.15E-05

(NIR)
882
185.5
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm
cm
cm?

MPEyje 3
(Irem?)

1.98E-06
2.80E-06
3.43E-06
3.96E-06
4.43E-06
4.85E-06
5.24E-06
5.60E-06
5.94E-06
6.26E-06
6.56E-06
6.86E-06
7.14E-06
7.41E-06
7.67E-06
7.92E-06
8.16E-06
8.40E-06
8.63E-06
8.85E-06
9.07E-06
9.28E-06
9.49E-06
9.70E-06
9.90E-06
1.01E-05
1.03E-05
1.05E-05
1.07E-05
1.08E-05
1.10E-05
1.12E-05
1.14E-05
1.15E-05
1.17E-05
1.19E-05
1.20E-05
1.24E-05
1.25E-05

(cm)
419.1
218.5
151.7
118.3
98.2
84.8
75.3
68.1
62.6
58.1
54.5
51.4
48.9
46.6
44.7
43.1
41.6
40.3
39.1
38.1
37.1
36.2
35.4
34.7
34.0
33.4
32.9
323
31.8
314
30.9
30.5
30.2
29.8
29.5
29.1
28.8
28.3
28.0

a
(radians)
5.97E-04
1.14E-03
1.65E-03
2.11E-03
2.55E-03
2.95E-03
3.32E-03
3.67E-03
4.00E-03
4.30E-03
4.59E-03
4.86E-03
5.12E-03
5.36E-03
5.59E-03
5.80E-03
6.01E-03
6.21E-03
6.39E-03
6.57E-03
6.74E-03
6.90E-03
7.05E-03
7.20E-03
7.34E-03
7.48E-03
7.61E-03
7.73E-03
7.85E-03
7.97E-03
8.08E-03
8.19E-03
8.29E-03
8.39E-03
8.49E-03
8.58E-03
8.67E-03
8.84E-03
8.92E-03

/Ol

3.98E-01

7.63E-01

1.10E+00
1.41E+00
1.70E+00
1.96E+00
2.21E+00
2.45E+00
2.66E+00
2.87E+00
3.06E+00
3.24E+00
3.41E+00
3.57E+00
3.73E+00
3.87E+00
4.01E+00
4.14E+00
4.26E+00
4.38E+00
4.49E+00
4.60E+00
4.70E+00
4.80E+00
4.90E+00
4.99E+00
5.07E+00
5.16E+00
5.24E+00
5.31E+00
5.39E+00
5.46E+00
5.53E+00
5.59E+00
5.66E+00
5.72E+00
5.78E+00
5.89E+00
5.95E+00
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80T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

©CO~NOOUAWNERED

780
7.46

0.7
1.445

(cm)
401.1
200.5
133.7
100.3
80.2
66.8
57.3
50.1
44.6
40.1
36.5
33.4
30.9
28.6
26.7
25.1
23.6
223
211
20.1
191
18.2
17.4
16.7
16.0
15.4
14.9
14.3
13.8
13.4
12.9
125
12.2
118
115
111
10.8
10.3
10.0

nm
mw

rev/sec
sample/degree
cm

AEL

)
4.53E-07
6.41E-07
7.85E-07
9.06E-07
1.01E-06
1.11E-06
1.20E-06
1.28E-06
1.36E-06
1.43E-06
1.50E-06
1.57E-06
1.63E-06
1.70E-06
1.75E-06
1.81E-06
1.87E-06
1.92E-06
1.97E-06
2.03E-06
2.08E-06
2.13E-06
2.17E-06
2.22E-06
2.27E-06
2.31E-06
2.35E-06
2.40E-06
2.44E-06
2.48E-06
2.52E-06
2.56E-06
2.60E-06
2.64E-06
2.68E-06
2.72E-06
2.76E-06
2.83E-06
2.87E-06

Laser Hazard Model
do -
0=

Rotation time =
®=
Q=

Qiim

(V)]
2.59E-07
5.18E-07
7.77E-07
1.04E-06
1.30E-06
1.55E-06
1.81E-06
2.07E-06
2.33E-06
2.59E-06
2.85E-06
3.11E-06
3.37E-06
3.63E-06
3.89E-06
4.14E-06
4.40E-06
4.66E-06
4.92E-06
5.18E-06
5.44E-06
5.70E-06
5.96E-06
6.22E-06
6.48E-06
6.73E-06
6.99E-06
7.25E-06
7.51E-06
7.77E-06
8.03E-06
8.29E-06
8.55E-06
8.81E-06
9.07E-06
9.33E-06
9.58E-06
1.01E-05
1.04E-05

0.25

0.5
0.1250
1.75E-03
1.40E-02

AELx

V]
4.53E-07
6.41E-07
8.62E-07
1.28E-06
1.72E-06
2.18E-06
2.65E-06
3.13E-06
3.62E-06
4.11E-06
4.60E-06
5.09E-06
5.57E-06
6.06E-06
6.54E-06
7.01E-06
7.49E-06
7.95E-06
8.42E-06
8.87E-06
9.33E-06
9.78E-06
1.02E-05
1.07E-05
1.11E-05
1.15E-05
1.19E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.40E-05
1.44E-05
1.48E-05
1.52E-05
1.55E-05
1.59E-05
1.67E-05
1.70E-05

DeltaSphere-3000

for

cm

milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.13 3.47E-05
0.25 6.94E-05
0.38 1.04E-04
0.50 1.39E-04
0.63 1.74E-04
0.75 2.08E-04
0.88 2.43E-04
1.00 2.78E-04
1.13 3.13E-04
1.25 3.47E-04
1.38 3.82E-04
1.50 4.17E-04
1.63 4.51E-04
1.75 4.86E-04
1.88 5.21E-04
2.00 5.56E-04
2.13 5.90E-04
2.25 6.25E-04
2.38 6.60E-04
2.50 6.94E-04
2.63 7.29E-04
2.75 7.64E-04
2.88 7.99E-04
3.00 8.33E-04
3.13 8.68E-04
3.25 9.03E-04
3.38 9.38E-04
3.50 9.72E-04
3.63 1.01E-03
3.75 1.04E-03
3.88 1.08E-03
4.00 1.11E-03
4.13 1.15E-03
4.25 1.18E-03
4.38 1.22E-03
4.50 1.25E-03
4.63 1.28E-03
4.88 1.35E-03
5.00 1.39E-03

Valid for R <

NOHD =
Aim=

MPEyie 1
(Jrem?)

1.18E-06
1.98E-06
2.68E-06
3.33E-06
3.94E-06
4.51E-06
5.06E-06
5.60E-06
6.12E-06
6.62E-06
7.11E-06
7.59E-06
8.06E-06
8.52E-06
8.97E-06
9.41E-06
9.85E-06
1.03E-05
1.07E-05
1.11E-05
1.15E-05
1.20E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.39E-05
1.43E-05
1.47E-05
1.51E-05
1.55E-05
1.58E-05
1.62E-05
1.66E-05
1.69E-05
1.73E-05
1.77E-05
1.84E-05
1.87E-05

(NIR)
882
131.2
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm
cm
cm?

MPEyje 3
(Irem?)

1.18E-06
1.66E-06
2.04E-06
2.35E-06
2.63E-06
2.88E-06
3.11E-06
3.33E-06
3.53E-06
3.72E-06
3.90E-06
4,08E-06
4.24E-06
4.40E-06
4.56E-06
4.71E-06
4.85E-06
4.99E-06
5.13E-06
5.26E-06
5.39E-06
5.52E-06
5.64E-06
5.77E-06
5.88E-06
6.00E-06
6.12E-06
6.23E-06
6.34E-06
6.45E-06
6.55E-06
6.66E-06
6.76E-06
6.86E-06
6.96E-06
7.06E-06
7.16E-06
7.35E-06
7.44E-06

(cm)
419.1
218.5
151.7
118.3
98.2
84.8
75.3
68.1
62.6
58.1
54.5
51.4
48.9
46.6
44.7
43.1
41.6
40.3
39.1
38.1
37.1
36.2
35.4
34.7
34.0
33.4
32.9
323
31.8
314
30.9
30.5
30.2
29.8
29.5
29.1
28.8
28.3
28.0

a

(radians)
5.97E-04
1.14E-03
1.65E-03
2.11E-03
2.55E-03
2.95E-03
3.32E-03
3.67E-03
4.00E-03
4.30E-03
4.59E-03
4.86E-03
5.12E-03
5.36E-03
5.59E-03
5.80E-03
6.01E-03
6.21E-03
6.39E-03
6.57E-03
6.74E-03
6.90E-03
7.05E-03
7.20E-03
7.34E-03
7.48E-03
7.61E-03
7.73E-03
7.85E-03
7.97E-03
8.08E-03
8.19E-03
8.29E-03
8.39E-03
8.49E-03
8.58E-03
8.67E-03
8.84E-03
8.92E-03

/Ol

3.98E-01

7.63E-01

1.10E+00
1.41E+00
1.70E+00
1.96E+00
2.21E+00
2.45E+00
2.66E+00
2.87E+00
3.06E+00
3.24E+00
3.41E+00
3.57E+00
3.73E+00
3.87E+00
4.01E+00
4.14E+00
4.26E+00
4.38E+00
4.49E+00
4.60E+00
4.70E+00
4.80E+00
4.90E+00
4.99E+00
5.07E+00
5.16E+00
5.24E+00
5.31E+00
5.39E+00
5.46E+00
5.53E+00
5.59E+00
5.66E+00
5.72E+00
5.78E+00
5.89E+00
5.95E+00
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60T

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

©CO~NOOUAWNERED

780
7.46

133
0.7
1.445

(cm)
533.4
266.7
177.8
133.4
106.7
88.9
76.2
66.7
59.3
53.3
48.5
445
41.0
38.1
35.6
33.3
314
29.6
28.1
26.7
25.4
24.2
23.2
222
21.3
20.5
19.8
19.1
18.4
17.8
17.2
16.7
16.2
15.7
15.2
14.8
14.4
13.7
133

nm

mw

rev/sec
sample/degree
cm

AEL

)
6.15E-07
8.70E-07
1.07E-06
1.23E-06
1.38E-06
1.51E-06
1.63E-06
1.74E-06
1.85E-06
1.95E-06
2.04E-06
2.13E-06
2.22E-06
2.30E-06
2.38E-06
2.46E-06
2.54E-06
2.61E-06
2.68E-06
2.75E-06
2.82E-06
2.89E-06
2.95E-06
3.01E-06
3.08E-06
3.14E-06
3.20E-06
3.26E-06
3.31E-06
3.37E-06
3.43E-06
3.48E-06
3.53E-06
3.59E-06
3.64E-06
3.69E-06
3.74E-06
3.84E-06
3.89E-06

Laser Hazard Model
do -
0=

Rotation time =
®=
Q=

Qiim

(V)]
3.90E-07
7.79E-07
1.17E-06
1.56E-06
1.95E-06
2.34E-06
2.73E-06
3.12E-06
3.51E-06
3.90E-06
4.28E-06
4.67E-06
5.06E-06
5.45E-06
5.84E-06
6.23E-06
6.62E-06
7.01E-06
7.40E-06
7.79E-06
8.18E-06
8.57E-06
8.96E-06
9.35E-06
9.74E-06
1.01E-05
1.05E-05
1.09E-05
1.13E-05
1.17E-05
1.21E-05
1.25E-05
1.29E-05
1.32E-05
1.36E-05
1.40E-05
1.44E-05
1.52E-05
1.56E-05

0.25

0.5
0.2500
1.31E-03
5.25E-03

AELx

V]
6.15E-07
8.70E-07
1.07E-06
1.36E-06
1.84E-06
2.35E-06
2.88E-06
3.43E-06
3.98E-06
4.55E-06
5.11E-06
5.69E-06
6.26E-06
6.84E-06
7.42E-06
7.99E-06
8.56E-06
9.13E-06
9.70E-06
1.03E-05
1.08E-05
1.14E-05
1.19E-05
1.25E-05
1.30E-05
1.36E-05
1.41E-05
1.46E-05
1.52E-05
1.57E-05
1.62E-05
1.67E-05
1.72E-05
1.77E-05
1.83E-05
1.87E-05
1.92E-05
2.02E-05
2.07E-05

DeltaSphere-3000

for

cm

milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.25 5.22E-05
0.50 1.04E-04
0.75 1.57E-04
1.00 2.09E-04
1.25 2.61E-04
1.50 3.13E-04
1.75 3.65E-04
2.00 4.18E-04
2.25 4.70E-04
2.50 5.22E-04
2.75 5.74E-04
3.00 6.27E-04
3.25 6.79E-04
3.50 7.31E-04
3.75 7.83E-04
4.00 8.35E-04
4.25 8.88E-04
4.50 9.40E-04
4.75 9.92E-04
5.00 1.04E-03
5.25 1.10E-03
5.50 1.15E-03
5.75 1.20E-03
6.00 1.25E-03
6.25 1.31E-03
6.50 1.36E-03
6.75 1.41E-03
7.00 1.46E-03
7.25 1.51E-03
7.50 1.57E-03
7.75 1.62E-03
8.00 1.67E-03
8.25 1.72E-03
8.50 1.78E-03
8.75 1.83E-03
9.00 1.88E-03
9.25 1.93E-03
9.75 2.04E-03
10.00 2.09E-03

Valid for R <

NOHD =
Aim=

MPEyie 1
(Jrem?)

1.60E-06
2.69E-06
3.64E-06
4.52E-06
5.34E-06
6.13E-06
6.88E-06
7.60E-06
8.30E-06
8.99E-06
9.65E-06
1.03E-05
1.09E-05
1.16E-05
1.22E-05
1.28E-05
1.34E-05
1.40E-05
1.45E-05
1.51E-05
1.57E-05
1.62E-05
1.68E-05
1.73E-05
1.79E-05
1.84E-05
1.89E-05
1.95E-05
2.00E-05
2.05E-05
2.10E-05
2.15E-05
2.20E-05
2.25E-05
2.30E-05
2.35E-05
2.40E-05
2.49E-05
2.54E-05

(NIR)
882
214.0
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm
cm
cm?

MPEyje 3
(Irem?)

1.60E-06
2.26E-06
2.77E-06
3.20E-06
3.57E-06
3.91E-06
4.23E-06
4.52E-06
4.79E-06
5.05E-06
5.30E-06
5.54E-06
5.76E-06
5.98E-06
6.19E-06
6.39E-06
6.59E-06
6.78E-06
6.97E-06
7.15E-06
7.32E-06
7.50E-06
7.66E-06
7.83E-06
7.99E-06
8.15E-06
8.30E-06
8.46E-06
8.61E-06
8.75E-06
8.90E-06
9.04E-06
9.18E-06
9.32E-06
9.45E-06
9.59E-06
9.72E-06
9.98E-06
1.01E-05

(cm)
551.4
284.7
195.8
151.4
124.7
106.9
94.2
84.7
773
713
66.5
62.5
59.0
56.1
53.6
51.3
49.4
47.6
46.1
44.7
43.4
42.2
41.2
40.2
39.3
38.5
37.8
37.1
36.4
35.8
35.2
34.7
34.2
33.7
33.2
32.8
324
317
313

a
(radians)
4.53E-04
8.78E-04
1.28E-03
1.65E-03
2.01E-03
2.34E-03
2.65E-03
2.95E-03
3.24E-03
3.50E-03
3.76E-03
4.00E-03
4.23E-03
4.46E-03
4.67E-03
4.87E-03
5.06E-03
5.25E-03
5.43E-03
5.60E-03
5.76E-03
5.92E-03
6.07E-03
6.21E-03
6.36E-03
6.49E-03
6.62E-03
6.75E-03
6.87E-03
6.99E-03
7.10E-03
7.21E-03
7.32E-03
7.42E-03
7.52E-03
7.62E-03
7.71E-03
7.89E-03
7.98E-03

/Ol

3.02E-01

5.85E-01

8.51E-01

1.10E+00
1.34E+00
1.56E+00
1.77E+00
1.97E+00
2.16E+00
2.34E+00
2.51E+00
2.67E+00
2.82E+00
2.97E+00
3.11E+00
3.25E+00
3.38E+00
3.50E+00
3.62E+00
3.73E+00
3.84E+00
3.95E+00
4.05E+00
4.14E+00
4.24E+00
4.33E+00
4.41E+00
4.50E+00
4.58E+00
4.66E+00
4.73E+00
4.81E+00
4.88E+00
4.95E+00
5.01E+00
5.08E+00
5.14E+00
5.26E+00
5.32E+00
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0Tt

Wavelength =
Power =

Mirror Rotation (@) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

OCO~NOOUAWNREDS

nm
mw

rev /sec
sample/degree
cm

AEL

V]
4.53E-07
6.41E-07
7.85E-07
9.06E-07
1.01E-06
1.11E-06
1.20E-06
1.28E-06
1.36E-06
1.43E-06
1.50E-06
1.57E-06
1.63E-06
1.70E-06
1.75E-06
1.81E-06
1.87E-06
1.92E-06
1.97E-06
2.03E-06
2.08E-06
2.13E-06
2.17E-06
2.22E-06
2.27E-06
2.31E-06
2.35E-06
2.40E-06
2.44E-06
2.48E-06
2.52E-06
2.56E-06
2.60E-06
2.64E-06
2.68E-06
2.72E-06
2.76E-06
2.83E-06
2.87E-06

Laser Hazard Model
do-
0=

Rotation time =
0=
Q=

Qiim

)
2.59E-07
5.18E-07
7.77E-07
1.04E-06
1.30E-06
1.55E-06
1.81E-06
2.07E-06
2.33E-06
2.59E-06
2.85E-06
3.11E-06
3.37E-06
3.63E-06
3.89E-06
4.14E-06
4.40E-06
4.66E-06
4.92E-06
5.18E-06
5.44E-06
5.70E-06
5.96E-06
6.22E-06
6.48E-06
6.73E-06
6.99E-06
7.25E-06
7.51E-06
7.77E-06
8.03E-06
8.29E-06
8.55E-06
8.81E-06
9.07E-06
9.33E-06
9.58E-06
1.01E-05
1.04E-05

0.25

0.5
0.2500
8.73E-04
3.49E-03

AELx

V)
4.53E-07
6.41E-07
7.85E-07
9.06E-07
1.01E-06
1.22E-06
1.51E-06
1.81E-06
2.11E-06
2.43E-06
2.75E-06
3.08E-06
3.42E-06
3.75E-06
4.09E-06
4.43E-06
4.78E-06
5.12E-06
5.47E-06
5.81E-06
6.16E-06
6.50E-06
6.85E-06
7.19E-06
7.54E-06
7.88E-06
8.22E-06
8.57E-06
8.91E-06
9.25E-06
9.58E-06
9.92E-06
1.03E-05
1.06E-05
1.09E-05
1.12E-05
1.16E-05
1.22E-05
1.26E-05

for

DeltaSphere-3000

cm
milliradians

sec

radians

radian/sec

Tiim t

(sec) (sec)
0.25 3.47E-05
0.50 6.94E-05
0.75 1.04E-04
1.00 1.39E-04
1.25 1.74E-04
1.50 2.08E-04
1.75 2.43E-04
2.00 2.78E-04
2.25 3.13E-04
2.50 3.47E-04
2.75 3.82E-04
3.00 4.17E-04
3.25 4.51E-04
3.50 4.86E-04
3.75 5.21E-04
4.00 5.56E-04
4.25 5.90E-04
4.50 6.25E-04
4.75 6.60E-04
5.00 6.94E-04
5.25 7.29E-04
5.50 7.64E-04
5.75 7.99E-04
6.00 8.33E-04
6.25 8.68E-04
6.50 9.03E-04
6.75 9.38E-04
7.00 9.72E-04
7.25 1.01E-03
7.50 1.04E-03
7.75 1.08E-03
8.00 1.11E-03
8.25 1.15E-03
8.50 1.18E-03
8.75 1.22E-03
9.00 1.25E-03
9.25 1.28E-03
9.75 1.35E-03
10.00 1.39E-03

Valid for R <

NOHD =
Ajim=

MPEyje 1
(Irem?)

1.18E-06
1.98E-06
2.68E-06
3.33E-06
3.94E-06
4.51E-06
5.06E-06
5.60E-06
6.12E-06
6.62E-06
7.11E-06
7.59E-06
8.06E-06
8.52E-06
8.97E-06
9.41E-06
9.85E-06
1.03E-05
1.07E-05
1.11E-05
1.15E-05
1.20E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.39E-05
1.43E-05
1.47E-05
1.51E-05
1.55E-05
1.58E-05
1.62E-05
1.66E-05
1.69E-05
1.73E-05
1.77E-05
1.84E-05
1.87E-05

(NIR)
882
262.4
0.384845
Cp

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

cm

cm

cm?

MPE e 3
(Ilem?)

1.18E-06
1.66E-06
2.04E-06
2.35E-06
2.63E-06
2.88E-06
3.11E-06
3.33E-06
3.53E-06
3.72E-06
3.90E-06
4,08E-06
4.24E-06
4.40E-06
4.56E-06
4.71E-06
4.85E-06
4.99E-06
5.13E-06
5.26E-06
5.39E-06
5.52E-06
5.64E-06
5.77E-06
5.88E-06
6.00E-06
6.12E-06
6.23E-06
6.34E-06
6.45E-06
6.55E-06
6.66E-06
6.76E-06
6.86E-06
6.96E-06
7.06E-06
7.16E-06
7.35E-06
7.44E-06

(cm)
820.1
419.1
285.4
218.5
178.4
151.7
1326
118.3
107.1
98.2
90.9
84.8
79.7
75.3
715
68.1
65.2
62.6
60.2
58.1
56.2
54.5
52.9
51.4
50.1
48.9
47.7
46.6
45.7
447
43.9
43.1
423
41.6
40.9
40.3
39.7
38.6
38.1

a

(radians)
3.05E-04
5.97E-04
8.76E-04
1.14E-03
1.40E-03
1.65E-03
1.89E-03
2.11E-03
2.33E-03
2.55E-03
2.75E-03
2.95E-03
3.14E-03
3.32E-03
3.50E-03
3.67E-03
3.84E-03
4.00E-03
4.15E-03
4.30E-03
4.45E-03
4.59E-03
4.73E-03
4.86E-03
4.99E-03
5.12E-03
5.24E-03
5.36E-03
5.48E-03
5.59E-03
5.70E-03
5.80E-03
5.91E-03
6.01E-03
6.11E-03
6.21E-03
6.30E-03
6.48E-03
6.57E-03

o/Olmin

2.03E-01
3.98E-01
5.84E-01
7.63E-01
9.34E-01
1.10E+00
1.26E+00
1.41E+00
1.56E+00
1.70E+00
1.83E+00
1.96E+00
2.09E+00
2.21E+00
2.33E+00
2.45E+00
2.56E+00
2.66E+00
2.77E+00
2.87E+00
2.97E+00
3.06E+00
3.15E+00
3.24E+00
3.33E+00
3.41E+00
3.49E+00
3.57E+00
3.65E+00
3.73E+00
3.80E+00
3.87E+00
3.94E+00
4.01E+00
4.07E+00
4.14E+00
4.20E+00
4.32E+00
4.38E+00
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T1T

Wavelength = 780
Power = 7.46
Mirror Rotation (o) = 4
Sampling = 13.3
Limiting Aperture = 0.7
Ca= 1.445
Number of Pulses R
n (cm)
882
700
1 533.4
2 266.7
3 177.8
4 133.4

nm
mw
rev / sec

Laser Hazard Model

r=
do-
0=

Rotation time =

sample/degree © =

cm

AEL

)
4.220E-07
5.018E-07
6.153E-07
8.701E-07
1.066E-06
1.231E-06

Q=

Qlim

)
1.850E-07
2.532E-07
3.489E-07
6.297E-07
1.100E-06
1.499E-06

18

0.25

0.5
0.2500
1.31E-03
5.25E-03

AELX

)
4.22E-07
5.02E-07
6.15E-07
8.70E-07
1.07E-06
1.36E-06

(NIR)

Valid for R < 882

for DeltaSphere-3000

cm

cm

milliradians

sec

radians Aim =

radian/sec

Tlim t MPEruIe 1

(sec) (sec)  (Jcm?)
3.16E-05 1.10E-06
3.98E-05 1.30E-06

0.25 5.22E-05 1.60E-06

0.50 1.04E-04 2.69E-06

0.75 1.57E-04 3.64E-06

1.00 2.09E-04 4.52E-06

0.38485

Cp

1.0000
1.0000
1.0000
0.8409
0.7598
0.7071

cm

M PEru\e 3
(Ilem?)

1.10E-06
1.30E-06
1.60E-06
2.26E-06
2.77E-06
3.20E-06

L
(cm)

900.0
718.0
551.4
284.7
195.8
151.4

o
(radians)
2.78E-04
3.48E-04
4.53E-04
8.78E-04
1.28E-03
1.65E-03

0L/Olmin

1.85E-01
2.32E-01
3.02E-01
5.85E-01
8.51E-01
1.10E+00
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Mirror Rotation (@) =

Limiting Aperture =

CoO~NOOUAWNEREDS

4N}

nm
mw
rev/sec

sample/degree

cm

AEL

)
4.53E-07
6.41E-07
7.85E-07
9.06E-07
1.01E-06
1.11E-06
1.20E-06
1.28E-06
1.36E-06
1.43E-06
1.50E-06
1.57E-06
1.63E-06
1.70E-06
1.75E-06
1.81E-06
1.87E-06
1.92E-06
1.97E-06
2.03E-06
2.08E-06
2.13E-06
2.17E-06
2.22E-06
2.27E-06
2.31E-06
2.35E-06
2.40E-06
2.44E-06
2.48E-06
2.52E-06
2.56E-06
2.60E-06
2.64E-06
2.68E-06
2.72E-06
2.76E-06
2.83E-06
2.87E-06

Laser Hazard Model

do =
0=

Rotation time =

0=
Q=

Qiim

)
2.07E-07
4.15E-07
6.22E-07
8.29E-07
1.04E-06
1.24E-06
1.45E-06
1.66E-06
1.87E-06
2.07E-06
2.28E-06
2.49E-06
2.69E-06
2.90E-06
3.11E-06
3.32E-06
3.52E-06
3.73E-06
3.94E-06
4.15E-06
4.35E-06
4.56E-06
4.77E-06
4.98E-06
5.18E-06
5.39E-06
5.60E-06
5.80E-06
6.01E-06
6.22E-06
6.43E-06
6.63E-06
6.84E-06
7.05E-06
7.26E-06
7.46E-06
7.67E-06
8.08E-06
8.29E-06

for

0.25 cm

DeltaSphere-3000

0.5 milliradians

0.1250 sec

1.75E-03
1.40E-02

AELX  Tim
(©)] (sec)

4.53E-07
6.41E-07
8.62E-07
1.28E-06
1.72E-06
2.18E-06
2.65E-06
3.13E-06
3.62E-06
4.11E-06
4.60E-06
5.09E-06
5.57E-06
6.06E-06
6.54E-06
7.01E-06
7.49E-06
7.95E-06
8.42E-06
8.87E-06
9.33E-06
9.78E-06
1.02E-05
1.07E-05
1.11E-05
1.15E-05
1.19E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.40E-05
1.44E-05
1.48E-05
1.52E-05
1.55E-05
1.59E-05
1.67E-05
1.70E-05

radians
radian/sec

t
(sec)
0.13
0.25
0.38
0.50
0.63
0.75
0.88
1.00
1.13
1.25
1.38
1.50
1.63
1.75
1.88
2.00
2.13
2.25
2.38
2.50
2.63
2.75
2.88
3.00
3.13
3.25
3.38
3.50
3.63
3.75
3.88
4.00
4.13
4.25
4.38
4.50
4.63
4.88
5.00

(NIR)
Valid for R <
NOHD =84.0

Ajim=

MPEye1Cp

(Ilem?)

3.47E-05
6.94E-05
1.04E-04
1.39E-04
1.74E-04
2.08E-04
2.43E-04
2.78E-04
3.13E-04
3.47E-04
3.82E-04
4.17E-04
4.51E-04
4.86E-04
5.21E-04
5.56E-04
5.90E-04
6.25E-04
6.60E-04
6.94E-04
7.29E-04
7.64E-04
7.99E-04
8.33E-04
8.68E-04
9.03E-04
9.38E-04
9.72E-04
1.01E-03
1.04E-03
1.08E-03
1.11E-03
1.15E-03
1.18E-03
1.22E-03
1.25E-03
1.28E-03
1.35E-03
1.39E-03

882

cm

0.3848451

MPEyie 3
(Ilem?)

1.18E-06
1.98E-06
2.68E-06
3.33E-06
3.94E-06
4.51E-06
5.06E-06
5.60E-06
6.12E-06
6.62E-06
7.11E-06
7.59E-06
8.06E-06
8.52E-06
8.97E-06
9.41E-06
9.85E-06
1.03E-05
1.07E-05
1.11E-05
1.15E-05
1.20E-05
1.24E-05
1.28E-05
1.32E-05
1.36E-05
1.39E-05
1.43E-05
1.47E-05
1.51E-05
1.55E-05
1.58E-05
1.62E-05
1.66E-05
1.69E-05
1.73E-05
1.77E-05
1.84E-05
1.87E-05

cm

cm

(cm)

1.0000
0.8409
0.7598
0.7071
0.6687
0.6389
0.6148
0.5946
0.5774
0.5623
0.5491
0.5373
0.5266
0.5170
0.5081
0.5000
0.4925
0.4855
0.4790
0.4729
0.4671
0.4617
0.4566
0.4518
0.4472
0.4429
0.4387
0.4347
0.4309
0.4273
0.4238
0.4204
0.4172
0.4141
0.4111
0.4082
0.4055
0.4002
0.3976

o
(radians)
1.18E-06
1.66E-06
2.04E-06
2.35E-06
2.63E-06
2.88E-06
3.11E-06
3.33E-06
3.53E-06
3.72E-06
3.90E-06
4.08E-06
4.24E-06
4.40E-06
4.56E-06
4.71E-06
4.85E-06
4.99E-06
5.13E-06
5.26E-06
5.39E-06
5.52E-06
5.64E-06
5.77E-06
5.88E-06
6.00E-06
6.12E-06
6.23E-06
6.34E-06
6.45E-06
6.55E-06
6.66E-06
6.76E-06
6.86E-06
6.96E-06
7.06E-06
7.16E-06
7.35E-06
7.44E-06

O/ Omin

419.1
218.5
151.7
118.3
98.2
84.8
75.3
68.1
62.6
58.1
54.5
51.4
48.9
46.6
44.7
43.1
41.6
40.3
39.1
38.1
37.1
36.2
35.4
34.7
34.0
33.4
32.9
323
31.8
314
30.9
30.5
30.2
29.8
29.5
29.1
28.8
28.3
28.0
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€1t

Wavelength =
Power =

Mirror Rotation (®) =
Sampling =

Limiting Aperture =
Ca=

Number of Pulses

n

A WN R

780
5.97

13.3
0.7
1.445

(cm)
882
700
533.4
266.7
177.8
133.4

nm
mw
rev /sec

sample/degree

cm

AEL

)
4.220E-07
5.018E-07
6.153E-07
8.701E-07
1.066E-06
1.231E-06

Laser Hazard Model
Laser Hazard Model
r=

do -

0=

Rotation time =

e=

Q=

Qiim

V]
1.481E-07
2.026E-07
2.792E-07
5.039E-07
8.805E-07
1.199E-06

for
for
18 cm
0.25 cm

0.5 milliradians
0.2500 sec

1.31E-03
5.25E-03

AELX  Tim
(V] (sec)

4.22E-07
5.02E-07
6.15E-07
8.70E-07
1.07E-06
1.36E-06

DeltaSphere-3000
DeltaSphere-3000

radians
radian/sec

t
(sec)

0.25
0.50
0.75
1.00

(NIR)
(NIR)

Valid for R <

MPE, e 1Cp

(3lem?)

3.16E-05
3.98E-05
5.22E-05
1.04E-04
1.57E-04
2.09E-04

882

MPEyje 3
(Ilem?)

1.10E-06
1.30E-06
1.60E-06
2.69E-06
3.64E-06
4.52E-06

cm

(cm)

1.0000
1.0000
1.0000
0.8409
0.7598
0.7071

o

(radians)
1.10E-06
1.30E-06
1.60E-06
2.26E-06
2.77E-06
3.20E-06

O/ Clmin

900.0
718.0
551.4
284.7
195.8
151.4
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IX. Reference

ANSI Std. Z2136.1-2000: for Safe Use of Lasers, Published by the Laser
Institute of America.

3" Tech DeltaSphere-3000 Laser 3D Scene Digitizer User Manual, v2.0,
Revision A, 4/13/04
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X. Svymbols and Abbreviations

A | Area.

AEL | Allowable emission (exposure) limit.

Ajim | Area of the limiting aperture.

Arect | Rectangular area.

A | Area transmitted through an aperture “s” or arc-chord area.

Ascan | Area scanned by the rotating beam in one rotation.

A. | Area of the transmitted beam.

A, | Triangular area.

A, | Area of the pie shaped wedge.

C | Circumference.

Ca | Wavelength correction coefficient.

Ce | Extended source correction coefficient.

C, | Pulse correction coefficient.

D | Beam diameter.

diim | Limiting aperture listed in ANSI Std. Z136.1-2000 (Table 8).

do | Exit beam diameter.

f( ) | Function of the argument ().

f. | Critical frequency, above which ANSI Rule 2 applies for NIR exposures.

FWHM | Full width at half of maximum.

H | Irradiance (watts/cm?).

h | Height.

L | Distance.

MPE | Maximum permissible exposure

MPEcw | Maximum permissible CW exposure.

MPE 1 | Maximum permissible exposure derived from ANSI Rule 1.

MPE 2 | Maximum permissible exposure derived from ANSI Rule 2.

MPEe3 | Maximum permissible exposure derived from ANSI Rule 3.

n | Number of pulses.

N | Number of samples (Sample Density)

NIR | Near infrared (700 nm < A < 1050 nm).

NOHD | Nominal ocular hazard distance.

nm | Nanometer.
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oD

Optical Density.

ODmin

Minimum optical density rating of laser safety eyewear.

PRF

Pulse repetition frequency.

Radiant energy (J).

Qiim

Radiant energy transmitted through the limiting aperture.

Radiant energy transmitted through an aperture “s”.

Distance from laser to rotating mirror.

Radial Distance from the rotating mirror.

The radial distance for “n” pulse periods to sweep across the limiting
aperture.

The radial distance equal to the boundary of the ocular hazard zone.

Extended source to small source crossover distance.

Surface aperture or arc

Time, pulse width (sec).

trwHM

Pulse time between the half power points.

Time period, such as pulse period, exposure period, etc.

Tiim

Time to sweep across the limiting aperture.

Beam width.

Viewing angle (radians)

Minimum viewing angle (1.5 mr).

Delta or difference.

Beam divergence (radians).

Radiant power (watts).

D
D

avg

Average radiant power (watts).

(Demitted

Radiant power of the beam emitted by the scanner.

D

laser

Radiant power of the embedded laser diode.

¢

Wedge angle.

Laser wavelength.

Mirror rotation rate, vertical scan rate.

Angular displace, scanner sweep.
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Average scanner sweep rate.

Transmission factor.

1D

One-dimensional.

2D

Two-dimensional.
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XI.

Distribution

# of MS | Name

copies
5 1423 | Arnold L. Augustoni, 01128
1 1423 | Gregory A. Hebner, 01128
1 1427 | M. Wayne Davis, 01101
3 1094 | Michael C. Oborny, 06328
1 0870 | Chad D. Hjorth, 06329
3 1003 | Denise D. Padilla, 15211
3 1003 | Patrick A. Davidson Jr., 15211
1 1170 | John J. Sullivan, 15200
2 1007 | William J Prentice, 15272
2 1007 | Clifford S. Loucks, 15272
1 9018 | Central Technical Files, 8945-1
2 0899 | Technical Library, 9616
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