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• ABERDEEN PROVING GROUND, MARYLAND 21010
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• NONIONIZ ING RADIATION PROTECTION SPECIAL STUDY NO. 42-0331-78
STANFORD RESEARCH INSTITUTE

LIGHT DETECTION AND RANGING (LIDAR) SYST~4 MARK IX LASERS
• 22 SEPTEMBER 1977

1. AUTHORITY.

a. AR 40-5, Heal th and Envi ronment, 25 September 1974.

b. Letter, DRSEL-NV-SE , Night Vision Laboratory, 1 February 1977,
subject: Laser Safety, and indorsements thereto.

2. REFERENCES.

a. AR 40-46 , Control of Heal th Hazards from Lasers and Other High
Intensity Optical Sources , 6 February 1974.

b. TB ~4ED 279 , Control of Hazards to Heal th from Laser Radiation, 30 ilay
1975.

3. PURPOSE. To evaluate the potential hazards associated wi th the use of• the light detection and ranging (LIDAR) system lasers and to make
recommendations designed to limi t exposure of personnel to potentially
hazardous radiation from these devices.

4. GENERAL.

a. Background. The Stanford Research Institute (SRI) Mark 1X ruby and
CO2 LIDAR system is used in experiments to take simul taneous mul tispectral

• transnilssometer measurements and backscatter measurements to explore the
relationships between propagation and the physical microstructure of the

• atmospheric aerosol during condi tions of fog, rain , snow and military smoke.
The system employs two lasers : one which operates in the visible , the ruby
laser; a~ed another vehicle operates in the far Infrared , the CO2 laser used
to test effects at the far infrared laser wavelengths. Personnel of the US

• Army Environmental Hygiene Agency performed measurements of the LIDAR Mark IX
• system at Dugway Provi ng Ground , UT on 22 September 1977.

b. Inventory. Only one LIDAR Mark IX system had been constructed at the
time of the study.

C. Instrumentation.
— 

(1) EG&G Model 580 Radiometer System wi th Type 23A detector head.

[Approved for public release; distribution un limited
i
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(2) Laser Precision Corp. Model RK 3230 energy meter wi th Type R108-2B
detector head.

(3) Scientech Model 364 power energy meter wi th Scientech di scal orimeter
Model 360401.

• d. Abbreviations. A table of commonly used radiometric terms and un its
is provided In the appendix.

5. FINDINGS.

a. Laser Output Parameters for Ruby System.

• (1) Wavel ength: 694.3 nm

(2) Radiant Energy: 1.0 J/pul se (specified) 0.5 J/pul se (measured)

(3) Emergent Beam Diameter: 2.0 cm

(4) Pul se Width: 30 ns

(5) Pulse Repetition Frequency (PRF): 1 Hz

(6) Beam Divergence: 0.5 mrad (focused), 1.8 mrad (unfocused)

b. La ser Output Parameters for CO2 System. This system uses a Lumonics
TEA-1O1—2 laser.

(1) Wavel ength: 2.5 to 11 Urn (used at 10.6 ~m)

(2) Radiant Energy: 5.0 J/pul se (maximum), 0.7 J/pul se (measured)

(3) Beam Divergence: 1.2 mrad ( focused) , 2.3 mrad (unfocused)

(4) Pul se Width: 0.05 to 50 ns

(5) PRF: 1 Hz

(6) Emergent Beam Diameter: 2.5 cm

• c. Beam Characteri stics as a Function of Range. The protection standard
• (PS) for Intrabeaii viewi ng of a single pul se for the ruby laser is O.5uJ/cm 2

and for the CO2 laser it is 10 mi /cm2. Bean radiant exposure measurements
• were taken at 1.0 km for both lasers; a reading of 12~~J/cm~/pul se was

• • obtained for the ruby laser and 20 ~*J/cm
2/pul se was obtained for the CO2

laser. A theoretical pl ot of irradiance vs range wi th measured and
theoretical val ues is provided tn the Figure.
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• Developer’s Specification
for CO2 Laser

• Q = 5 .O J
• 4 =  1.2 mrad

10
_i 

— ________ a = 2.57cm 
~ 

—

Z. ~ = io cm
• for Ruby Laser

• • Q = 1 .O J
C02 ‘aser 4 0.5 mrad
P.S. for sing le a = 2.O7cm _

~~pulse exposure = 10 cm 
-io_2 ~~1o mJ/cm~ 
—

Measured Values

• for CO2 Laser

—3 Q=5.O J
10 =23 m rad -

a= 2.57cm — 1
c.1

E
for Ruby Laser

4) 4 Q= 1 .O J 
-

4 = 1 .8 mrad
• a : a 2.O,cm

K - 
-

• LU p —  C

C
45

10~~~ — —

io_6 Ruby laser 2 —
= P.S. for single pulse exposure (500 nJ/cm )
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• RANG~~(M)

_ _  , A JDIN4T EXP~~URE AS A FLI4CTION OF RANGE FOR ThE RUBY AND CO
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d. Warning Label. A warning label was permanently attached to the CO2
laser trangnitter and read: Danger, Inv isible laser radiation. Avoid eye or
skin exposure to direct or scattered radiation. The ruby laser had a warning
label which read: Danger, Laser Light.

6. DISCUSSION.

a. Hazard Classification. Both lasers considered in thi s study emitted¶ optical radiation in excess of the upper limits for Class III lasers hence
both are Class IV high power lasers in accordance wi th Tabl e B—2, Appendix B,
TB MED 279.

b. Optical Viewi ng Instruments. Viewi ng the direct bean wi th magnifying
optics may increase the corneal radi ant exposure by as much as the square of

• the magnifying power of the optical device for the ruby laser, while viewi ng
• the C02 laser through optics will actual ly attenuate the beam coming through

the optics.

7. CONC LUSION. Both lasers emit optical radiation which exceed current
protection standards. These devices may be operated safely, however,
provided appropriate precautions are taken.

8. RECOMMENDATIONS. Maintain adequate communication between operator and
personnel downrange at all times when either laser is being operated
(paragraph 5—31, AR 40—5).

a. Ruby Laser.

( 1) Do not permit unprotected personnel in the beam path out to a
distance of 9.9 km from the laser tran9nitter (paragraph 5-31, AR 40-5).

• (2) ProvIde eye protection wi th an optical density of 6.3 or greater at
• 694.3 rim for perso nnel downrange wi thin the nominal haza rdous distance of the

laser [paragraph l-5d(3), AR 40—46).

b. CO~ Laser.

• (1) Do not permit unprotected personnel in the bean path out to a
distance of 110 m ( focused) or 210 m (un focused) from the laser tran~iiitter(paragraph 5-31, AR 40-5).

4
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(2) Provide eye protection wi th an optical density of 2.7 or greater at
far infrared (2.5 to 11.0 ~m) for personnel downrange wi thin the nominal
hazardous distance.

4 Ck~
-
~~

. ~

• PEDRO F. DEL VALLE
1LT , MSC
Nuclear Medical Science Officer
Laser Microwave Division

~~ U~~ ~~~~~‘ 

‘(;
~~L~~i. 

- -
~~~~

I~ RIUS J. CREW S
Laboratory Technician
Laser Microwave Division

APPROVED:

/ V~~~~j~~y W . GASTON
• Chief, Laser Microwave Div i sion

4



— -‘~~~~~ . -~ -- r- —~—-- -~~ 
—
~

••--•-— • ‘•- •‘ . -• ‘-- - •_.~~~~—•- • -~-•-• • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•

• 
- . • - • - - -•— -•

S. S.
4.

1! ~; a a~ .~I !
~~~~~ .! a. ~ ~I ~

‘ za
il~ 

I: I ~;— 2 u~~ t:~ .. ...r a-. ,..:- ...? _ . , c

~ a. ~~~~ ~~~~~ ~ ~
-
~: :

- .
.
~~

4. .. .~• .. a — ~0 S C
~ . U 

~I- U S C  4. i i
~ C C  .I -I - .

- 

~~~ ~~~ • ~~ 
• .~ ~

H ,~ ~ ~ .h ;~~
~ ~~ 

:~ •~~
U 

~ 1!~ h ~ F ..- L~1 ~~~~
- 

~~~~~~~~

• 
r— . ~ ~ ~ ~ 

&
F— — = = = = = = = — -—

C 4.

~ ~~
- 

~C’.) U _
~~• ~~. ~~. ~ ~~~~~

~~~~~• ... •* — —. S. I. S . .  S. 4. 4. 4 . 4 .— a 4.4. 55 *- 55 5. s.~~~ S ~~ l. 4. 4. ~~_e 5 .  • t .4. — a-~~ a. .  a * 45 •..~~~ U . .

~ ~ ~~~ ~U
(5) ~ 

_

~~~~~~~~~~

_  

~~~~~~~~~~
~
.
~ ~~~~~~~I.. U•— 4. 4 . C .C~~ C 4 .5 4. 0 •~~~U

= -
~~~~~

•
~ 

4. • S •~~~~~~~~~4.

II ~~ ~~
~ LL~~~L _ _ ~~~1il~~~

-
‘5) j

c ~ ~ .-‘ -P =‘ ~ ~

U 4.. 4. — •~ 0 4 . C  ... 4..a 0 ~~,.a —

~~ 
..

~~~ ~~a ; II, 
~~ 

g 
~~~~~~~~~~~~~~~~~4.3 S3 .~. $ ~ — Ma 

~

.
~~ 

.
~

j .~i ~ ! ! .~~~~~ ~~S i r- i 
___  

r ~— __ — — — —— — - p.

z 
6 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


