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General laser show safety, and Laser 
Safety Officer, requirements 

FDA variance form 3147 
All laser light shows shall be under the direct and personal control of trained, competent 
operator(s). The operator(s) will: (1) Be an employee of the variance holder who will be 
responsible for the training and the conduct of the operator….


Note: No specific training requirements are stated. Also, Laser Safety Officers are not required 
or even mentioned in the FDA variance Form 3147. LSOs are only mentioned in FDA’s variance 
approval letter if audience scanning is being used. Variance Attachment C (applicable only for 
audience scanning) says in the last paragraph (g): “The Laser Safety Officer shall determine if … 
“there is a reasonable probability of accidental viewing with optics.” 

ANSI Z136.1 

5.3 LSO Training. 

Management (employer) shall provide for LSO training on the potential hazards, including

bioeffects, control measures, applicable standards, medical examinations, if applicable, and

any other pertinent information pertaining to laser safety and applicable standards, or provide

to the LSO adequate consultative services. The training shall be commensurate to at least the

highest class of laser or most hazardous laser under the jurisdiction of the LSO. The training

shall also include consideration for the evaluation and control of any nonbeam hazards

associated with the lasers and laser systems under the jurisdiction of the LSO.


Appendix A: Supplement to Section 1 - Laser Safety Programs 

A1.2 LSO Specific Duties and Responsibilities. 
[Eg, the LSO should be able to do these. Some items are summarized and shortened.] 

a) Accidents. The LSO should develop a plan to respond to notifications of incidents of 
actual or suspected exposure to potentially harmful laser radiation….


b) Approval of Laser Systems Operations. Approval of a Class 3B or 4 laser or laser system 
for operation shall be given only if the LSO is satisfied that laser hazard control measures 
are adequate…. The procedures should include adequate consideration of safety from 
nonbeam hazards.
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c) Audits, Surveys and Inspections. The LSO shall periodically audit or survey by inspection 
for the presence and functionality of the laser safety features and control measures required 
for each Class 3B and 4 laser or laser system in the laser facilities….


d) Classification. The LSO shall classify or verify classifications of lasers and laser systems 
used under the LSO’s jurisdiction in accordance with Section 3 of this standard.


e) Control Measures. The LSO shall be responsible for ensuring that the prescribed control 
measures are implemented and maintained in effect. This includes avoiding unnecessary or 
duplicate controls and recommending or approving substitute or alternate control measures 
when the primary ones are not feasible or practical.


f) Facility and Equipment. The LSO shall review Class 3B and 4 laser installations, facilities, 
and laser equipment prior to use. This also applies to modification of existing facilities or 
equipment.


g) Hazard Evaluation. The LSO shall be responsible for hazard evaluation of laser work areas. 
Hazard evaluation shall be conducted in accordance with Section 3 of this standard.


h) Medical Examination. The LSO shall effect medical examinations when necessary (see 
Section 6).


i) Procedure Approvals. The LSO shall approve Class 3B and 4 laser SOPs and other 
procedures that may be part of the requirements for administrative and procedural controls.


j) Protective Equipment. The LSO shall recommend or approve personal protective 
equipment, such as eyewear, clothing, barriers, and screens, that may be required to 
ensure personnel safety. The LSO shall ensure that protective equipment is audited 
periodically to ensure proper working order. For additional information see ANSI Z136.7.


k) Records. The LSO shall ensure that the necessary records required by applicable 
government regulations are maintained….


l) Safety Program. The LSO shall establish and maintain adequate policies and procedures 
for the control of laser hazards. These policies and procedures shall comply with applicable 
requirements including federal, state, and local regulations.


m) Signs and Labels. The LSO shall review the wording on area warning signs and equipment 
labels.


n) Training. The LSO shall ensure that adequate safety education and training are provided to 
laser personnel. The frequency of refresher training shall be considered on the basis of the 
total hazard evaluation criteria presented in Section 3.


A4.2.2 Laser Safety Training Program Topics. Topics for a laser safety training program

for the use of Class 3B and 4 lasers and laser systems may include, but are not necessarily

limited to, the following.


a) For user personnel routinely working with or potentially exposed to Class 3B or 4 laser 
radiation,


1. control measures,

2. laser and laser system classifications,

3. nonbeam hazards of lasers (see Section 7),

4. medical examination practices (if applicable),

5. significance of specular and diffuse reflections,

6. bioeffects of laser radiation on the eye and skin,

7. overall responsibilities of management and employee,
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8. fundamentals of laser operation, for example, physical principles and construction, 
and

9. CPR for personal servicing or working on lasers with exposed high voltages with the 
capability of producing potentially lethal electrical currents.


b) For the LSO or other individual responsible for the laser safety program, evaluation of 
hazards, and implementation of control measures, or any others, if directed by 
management, to obtain a thorough knowledge of laser safety


1. MPEs,

2. laser terminology,

3. the topics in A.4.2.2,

4. laser hazard evaluations and other calculations,

5. basic radiometric units and measurement devices, and

6. types of lasers, wavelengths, pulse shapes, modes, and power and energy.


ANSI Z136.6 
(2012 version - may need updating) 
5. Laser Safety Program Management and Training Requirements 

5.1 General. 
A laser safety program shall be implemented for operation, maintenance, and service of all 
Class 3B or Class 4 laser or laser system. A laser safety program should be implemented for 
Class 3R lasers with invisible beams and laser systems that are intentionally pointed at people 
(such as direct-fire weapon simulators).


5.2 Safety Organization. 
When a laser is used outdoors, often multiple stakeholders are involved, such as the:


• owner of the laser equipment

• authorized laser operator 

• supervisor of the laser operators 

• owner of the property, or the one who is responsible for safety on the property where the 

laser is located, e.g., laser range safety officer 

• one who is responsible for safety in airspace, or ground area, where the laser beams are 

located 


5.2.1 Laser System Management Organization (LSMO). Managers (employer or system 
owner) shall establish and maintain an adequate laser hazard control program as described in 
ANSI Z136.1. Safety and training programs shall be required for all Class 3B and Class 4 lasers 
and laser systems. The LSMO of Class 3B and Class 4 lasers and laser systems shall 
designate an LSO who is responsible for overall safety of the laser program and shall 
coordinate with all essential personnel and property owners where the system is located.


Safety and training programs should be required for Class 3R lasers and laser systems. Safety 
and training programs are not required or necessary for Class 1, or Class 2 lasers and laser 
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systems. Managers should consider whether safety and training programs are required for their 
application of Class 1M and Class 2M lasers and laser systems, since these lasers may 
present a significant risk of injury under some circumstances.


5.2.2 Laser Safety Officer (LSO). For Class 3B and Class 4 outdoor operations, an individual 
shall be designated as the LSO by the employer, system owner, and/or property owner as 
necessary. The LSO shall have both the authority and responsibility to monitor and enforce the 
control of laser hazards, and to effect the knowledgeable evaluation and control of laser 
hazards (see 1.4 for specific responsibilities).


5.2.3 Laser Safety Specialist. When the LSO does not have the knowledge or training to 
determine necessary laser control measures, training or equivalent professional experience to 
calculate and determine laser hazards, and to recommend appropriate control measures. With 
this formal training, the LSO or authorized laser operator may also be a laser safety specialist.


Appendix G: Training Requirements 

G1. General. 
Laser operators/workers should receive training commensurate with the specific lasers with 
which they will be associated and to the highest class lasers to which they may be exposed. 
This training may be in the form of a formal course or may be administered through specific 
standing operating procedures and literature supplied by the LSO.


G2. Laser Safety Specialists. 
Formal education in algebra, geometry, and trigonometry is required. A bachelor’s degree or 
higher in physics, engineering, or mathematics is preferred. Specialized training and experience 
is required concerning laser beam propagation, laser physics, electro-optics, radiometric 
measurement methods, consensus standards, federal and international laser safety standards, 
and biological effects of lasers on the skin and eyes. This training should include, but not be 
limited to the following:


(1) fundamentals of lasers and optics

a. radiometric terms and units

b. laser fundamentals

c. optics principles


(2) biological effects of laser radiation

a. exposure limits

b. injury levels

c. visual interference effects


(3) laser hazard evaluation

a. hazard classification

b. environmental factors

c. nominal hazard zone

d. flight hazard zone

e. hazard calculations


(4) laser safety standards

a. ANSI Z136.1
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b. 21 CFR 1040.10 and 1040.11

c. 29 CFR 1910.147, 1910.132, 1915.152, 1926.95

d. state regulations

e. FAA Order 7400.2


(5) control measures

a. administrative

b. engineering

c. personal protective equipment (PPE)


(6) laser safety program administration

a. LSO duties

b. SOPs

c. employee training


(7) Laser safety measurements


G3. Laser System Management Organization LSO. 
The LSMO LSO should receive training including:


(1) the hazards in the use of outdoor lasers

(2) hazard evaluation procedures

(3) control measures

(4) applicable standards (FAA, LCH, 21 CFR 1040.10 and 1040.11, ANSI Z136.1 and 29 
CFR, etc.)

(5) medical surveillance

(6) laser safety consultant services

(7) incident investigation and reporting

(8) emergency procedures for prompt medical attention

(9) safety

(10) inventory control

(11) record keeping required as a condition of FDA/CDRH exemptions


G4. Site LSO. 
The site LSO should receive pertinent training specific to the restrictions required for using 
lasers at a particular installation. This training includes:


(1) company laser safety policy

(2) hazards and control measures associated with use of outdoor lasers

(3) recommendations by laser safety consultants for safe use of lasers on a particular range

(4) laser safety approval procedures

(5) preparing instructions for laser users

(6) ensuring that proper physical barriers are in place and warning signs are posted

(7) incident investigation and reporting

(8) emergency procedures for prompt medical attention and safety

(9) keeping records of laser use and control measures
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ANSI Z136.10 
(March 2021 draft)


5. Education and Training 

5.1 General. 

Training is required for the set up and operation of Class 3B and Class 4 products. Training 
requirements and the level of competence may vary between individuals such as LSO, laser 
installers and laser operators. The employer should address the recommendations in Appendix 
S when determining the requirements for a laser safety training program. Records of LSO and 
‘Laser Personnel’ training should be maintained.


5.2 Laser Safety Officer (LSO) Training.

Class 3B and 4 laser use requires a trained laser safety officer’s program oversight. Laser 
Safety Officers shall receive training commensurate with the hazards to be encountered. Laser 
Safety Officers are those persons responsible for the overall safety program, but in terms 
exhibitions and light show applications, safety specifically involves the adequate training and 
oversight for the Laser Installers and Operators.


Appendix S. Training Data


S1.3 Training Topics for Laser Safety Officers, Laser Installers, and Laser Operators.

Laser Safety Officers and Laser Installers must have the highest level of training so that they 
can properly plan and execute the safe operation of lasers in a variety of venues and 
conditions. However, in many situations, the laser installer must have the same capabilities as 
a laser safety officer and may function as the LSO.


While it is obvious that there must be adequate training on laser technology, safety concepts, 
and bio-hazards, there must be an equal emphasis on the practical use of the lasers in the 
actual operating environment, with respect to successful outcome of the display or 
demonstration.


Both the LSO and Laser Installer working with Class 3B or 4 lasers should have adequate 
training in the following areas:


a) Laser fundamentals, including bio-effects

b) Characteristics of specific laser(s) used in display or demonstration

c) Applying MPE, NOHD, FSHD for the laser display or demonstration

d) Familiarity with overall operation of the display or demonstration

e) Competence to make adjustments to hardware or software to set and limit laser output 
to intended areas

f) Competence to evaluate intended targets as termination surfaces (both reflection and fire 
hazards)

g) Competence to evaluate outdoor laser operations, including laser parameters (power, 
divergence) and pointing directions (elevation, azimuth)
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h) Competence to take measurements of laser radiation to ensure compliance with MPE 
where appropriate

i)  Competence to evaluate any temporary control measures

j)  Competence to provide instructions to personnel who may be affected by laser 
operations.


S1.4 Training for Laser Operators of Class 3B or 4 lasers should include, but is not limited 
to:


a) Laser Fundamentals, including bio-effects

b) Daily operating procedures, including any routine testing for safe operation

c) Competence to recognize unsafe situations

d) Competence to provide instructions to personnel who may be affected by laser 

operations


Arizona 
R9-7-1434. Laser Safety Officer (LSO) 

A. Each registrant shall designate a Laser Safety Officer (LSO).

B. The LSO shall administer the laser radiation protection program and shall:


1. Ensure that maintenance or service for Class 3b and Class 4 lasers is performed only by 
technicians trained to provide the maintenance or service by either the manufacturer’s 
service organization or the registrant;

2. Approve or reject written service, maintenance, and operating procedures;

3. Investigate, document, and report all incidents as required by R9-7-1436;

4. Select protective eyewear as required by R9-7-1435, along with any other protective 
equipment;

5. For health care facilities, establish authorization and operating procedures, including 
preoperative and postoperative checklists, for use by operating room personnel;

6. Ensure that authorized personnel are trained in the assessment and control of laser 
hazards;

7. Select signs, symbols, and labels as required by R9-7-1427;

8. Perform laser radiation protection surveys as required by R9-7-1421 and R9-7-1441;

9. Classify or verify the classification of lasers and laser systems used under the LSO’s 
jurisdiction;

10. Evaluate the hazard of laser use areas, treatment areas, and controlled areas, as 
required by R9-7-1421(C).
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ILDA Category A Laser Show Standard 

1.1.1. Class 3B and 4 training topics 
Training topics for ILDA Category A shows where Class 3B and 4 visible CW lasers are in use 
shall include, but are not necessarily limited to the following:

 

1. How laser light differs from, and is more hazardous than, conventional light

2. Bioeffects of laser light on the eye and skin. Pulsed lasers should be mentioned but most 

emphasis should be on continuous wave (CW) laser bioeffects since this standard only 
allows use of CW lasers.


3. History (number of occurrences) and examples of laser injuries to technicians and audience 
members at laser light shows


4. Overview of non-beam hazards of lasers (mechanical/falling, electrical)

5. Specular and diffuse reflections, and how the hazard levels of the reflections may vary

6. How lasers are classified, and what the Classes are, especially concentrating on those 

Classes which are in use

7. Brief introduction to MPE and NOHD concepts; why they are important

8. Control measures, especially concentrating on those in use

9. How to recognize failure or breach of the control measures

10. Avoiding damage to cameras, video projectors and LED lighting instruments

11. How to anticipate and plan for possible problems (moving stages/trusses, audience 

unruliness, equipment being moved, changes to performer positions, etc.)

12. Laser safety responsibilities, authority and expectations of the various parties involved, 

including the Employer, Laser Safety Officer, Laser Operator, Laser Spotter, Laser 
Personnel, and General Public. Includes chain of command, and reporting requirements 
when potential hazards develop.


13. Governmental regulations and requirements specific to the person or role being trained. For 
ILDA Cat A Laser Shows, the training does not need to have detailed information about 
governmental regulations. But it shall include a discussion of how the ILDA requirements 
differ from governmental regulations, and what additional steps may be required to make a 
show that is legal for the jurisdictions (country, state/province, city, etc.) of the laser show.


1.1.1. Additional topics for Cat A LSOs 
The following would not normally be presented to Laser Operators, Spotters or Personnel. But 
these topics are required for LSOs for Cat A shows; they shall also be trained on the following:

 

14. Irradiance significance, including the difference between power and irradiance for safety 

considerations 

15. Maximum Permissible Exposure and Nominal Ocular Hazard Distance significance and 

calculations (for CW lasers)

16. Presentation and discussion of the ILDA Category A Laser Show Standard, including the 

requirements of the Standard

17. (Optional) Presentation and discussion of ILDA's Basic Principles of Lasershow Safety
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1.1.1. Optional topics for general (non-Cat A) LSOs 
These optional topics for LSO training are not required by this Standard since they cover topics 
beyond the Cat A Standard. However, these topics will be useful if the student designs or 
supervises shows more complex than an ILDA Cat A Laser Show.  Also, some of these topics 
are listed by ANSI, Arizona or others as topics suggested or required for their LSOs.

 

18. Fundamentals of laser operation (how laser light is generated; how lasers work in general)

19. Laser safety standards and organizations

20. Greater detail on governmental regulations and how to fill out and submit variance forms 

and other government-required forms and documents

21. Hazards of laser light outdoors, including FAA flight zones

22. How to fill out U.S. FAA forms (or similar forms for students from other countries)

23. Hazards of audience scanning. This is an introduction only; the beginning LSO student 

cannot do safe audience scanning without significant additional training.

24. Types and limitations of laser power and irradiance meters 


UK LSO requirements information 
Information from LVR Optical’s website 
Laser Safety Officer (LSO) 

*A Laser Safety Officer is a title that may be given to a person in an organisation designated as 
adopting administrative responsibility for the employer in overseeing laser safety. It is 
recommended by the British Standards Institute (BSI) that any organisation that uses Class 3B 
and Class 4 laser devices should appoint an internal member of staff to take on this role.


In the UK, formal Laser Safety Officer qualifications do not exist. Nor do any ‘accredited’ 
courses.


LVR Optical address LSO training by providing clear coverage of the topics recommended for 
this role in the British Standards Institute laser safety standards documents, and providing 
information to help equip attendees with appropriate knowledge to meet their legal health and 
safety obligations, and create safer working environments.


OStrV and TROS (Germany) 
Information from Laserschutzseminar.de, part of Laserworld Academy 
The Laser Safety Officer in Germany - Duties and Legal Framework 
The Laser Safety Officer 

The laser safety officer plays an important role in occupational safety in the company. The 
requirement for the appointment of a laser safety officer is specified in Germany in the OStrV 
(Occupational Safety Ordinance on Artificial Optical Radiation):
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"Prior to the commencement of operation of Class 3R, 3B and 4 laser equipment, the 
employer shall, unless he has the necessary expertise itself, appoint a laser safety officer in 
writing. [...]"  §5 (2) OStrV 

This means that as soon as a laser of class 3R, 3B or 4 is used, a laser safety officer is 
required. It is also important to note that although some laser systems are classified as class 1 
lasers, there may be certain operating conditions, e.g. maintenance, cleaning, adjustment or 
similar, in which the laser is class 3B or 4. In such a case, too, a laser safety officer must be 
appointed in writing.


The OStrV as a legal framework for the laser safety officer 

With the OStrV, the legislator in Germany has created a legal framework that defines the basic 
requirements for handling laser radiation in a commercial context. Here, for example, the 
requirement to attend a training course is defined (§5 (2) OStrV), as well as participation in 
regular training.


Nevertheless, the OStrV as a framework regulation is kept relatively vague and specific 
requirements for the laser safety officer can only be roughly derived from it.


That is why the BauA, the Federal Institute for Occupational Safety and Health, has issued a 
supplementary and explanatory publication: TROS - the Technical Rules to the Occupational 
Health and Safety Ordinance on Artificial Optical Radiation.


The TROS Laser Radiation and the detailed requirements for the laser safety officer 

The TROS Laser Radiation explains in detail how certain requirements from the OStrV are to be 
applied in specific terms. It consists of the General Part, in which above all the requirements for 
the laser safety officer are specified, Part 1, which deals primarily with the subject of risk 
assessment (a central subject for the laser safety officer), Part 2, which deals with 
measurements and calculations, and Part 3, which deals specifically with the measures for 
protection against hazards from laser radiation.


"The requirements for the laser safety officer are specified in detail". 

"The requirements for the laser safety officer, his rights and duties, are listed in more detail 
in the General Part. Very specifically for the laser safety officer is specified: 
      The LSO has participated in a relevant training course, passed the final examination and 
has proof of successful participation. He keeps his expertise up to date through regular 
participation in specific training courses. 

Note: The time intervals between training measures depend on the extent to which the state 
of the art with regard to the laser products used or the regulations have evolved. In 
principle, a one-day advanced training course in a period of five years is considered 
appropriate." Para 5.1 (2) TROS Laser Radiation, General Part 

A refresher qualification as a laser safety officer is therefore required at the latest every 5 years. 
This also makes sense, as both the legal framework and scientific knowledge continue to 
develop - lasers are a comparatively young technology, after all, the laser principle was only 
discovered in 1960.
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 At the latest every 5 years.


Requirement of the laser safety officer at events with lasers 

The OStrV requires the laser safety officer in the context of occupational health and safety law. 
However, the regulations therefore also apply to events with lasers (i.e. in event technology), 
because the VStaettVO (Ordinance on Places of Assembly) states:


"On the operation of laser systems in the areas accessible to visitors, the occupational 
safety regulations are to be applied accordingly." §36 (5) VStaettVO 

This extends the scope of the OStrV to event technology.


 The tasks of the laser safety officer 

The laser safety officer assumes a clearly defined role in the company and is organized in the 
context of occupational safety and health.


"The laser safety officer must be appointed in writing" (azw para 5.1 (3) TROS Allg) 

So it is not sufficient to appoint an arbitrary employee on call. The background is clear: Only in 
this way can a clear responsibility be established.


This clear responsibility is important so that rights and obligations can also be defined 
accordingly:


”With the appointment, the employer assigns him concrete tasks, powers (e.g. to shut down 
the laser system in case of detected defects) and duties with regard to protection against 
laser radiation" (azw para 5.1 (3) TROS Allg). 

Of course, it often makes sense to appoint several laser safety officers, especially if different, 
spatially separated lasers are to be supervised, or also if a limitation of responsibilities in terms 
of time makes sense (shift work, part-time work, etc.). The TROS states:


"If several LSOs are appointed, the employer must clearly define the areas of responsibility 
(e.g. temporal/spatial) of the individual LSOs. (azw para 5.1 (3) TROS Allg). 

Interestingly, the ultimate responsibility for the risk assessment and the implementation of the 
protective measures is always with the employer - so he can define the activities and internal 
responsibilities and also assign responsibility within the company, but not with regard to the 
responsibility to implement these points arising from the OStrV. (cf. para 5.1 (3) TROS Allg)


One clear task of the laser safety officer, however, is to support the employer by providing 
specialist knowledge regarding safety assessment, risk assessment and technical, 
organizational and personal protective measures (cf. para 5.1 (4) TROS Allg). In practice, 
however, the laser safety officer in the company will normally assume internal responsibility for 
these topics.


Of course, the tasks of the laser safety officer go even further: TROS speaks of the 
responsibility to "support" the employer in various other points to ensure the safe and proper 
operation of laser systems.


Page  of 13 34



Specifically, this includes regular monitoring of the specified protective measures, with the laser 
safety officer also informing the employer in the event of non-compliance or problems and 


"working towards the enforcement of the necessary measures for safe operation" (azw para 
5.1 (4) TROS Allg) 

Another task of the laser safety officer is to cooperate with the occupational safety specialist, 
who often establishes an overarching occupational safety framework in the company, and the 
company physician (azw para 5.1 (5) TROS Allg)


The employees of a company must be regularly instructed in the handling and context of laser 
systems. The laser safety officer supports the employer in the regular instruction (cf. para 5.1 
(7) TROS Allg)


Quite specifically, the TROS describes certain prerequisite knowledge of the laser protection 
officer for his work:


1. "the basic regulations of occupational health and safety (ArbSchG, OStrV, accident 
prevention regulations, technical rules, standards and, if applicable, special regulations 
for laser protection), 

2. the characteristics of laser radiation, 
3. the direct hazards (direct and reflected laser radiation) and their immediate biological 

effects, as well as the indirect hazards (temporary glare, fire and explosion hazards, 
noise, electrical hazards) in workplaces with the application of laser radiation, 

4. the basic requirements for a risk assessment, 
5. the risk assessments for the workplaces for which he or she is designated as the LSB, 
6. the protective measures (technical, organizational and personal), 
7. his rights and obligations as LSO, 
8. the laser classes according to DIN EN 60825-1 [1], 
9. the meaning of the exposure limits of the OStrV, 
10. the contents of the instruction according to § 8 OStrV as well as 
11. the course of safe operation of the laser equipment for which he is appointed and 

knows how this is to be monitored." (para 5.1 (6) TROS Allg) 

The laser safety officer thus has a central role in the company with laser equipment to prevent 
accidents and ensure safe laser operation.
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Certified Laser Safety Officer (CLSO) 
requirements 
Board of Laser Safety 
Experience 

One (1) Year Experience performing the responsibilities of an LSO as outlined in ANSI Z136.1


Education 

A 4-year degree from an accredited institution – OR – a 2-year AS degree – OR – a high school 
diploma and substantial experience in laser safety


Training 

A certificate of completion from a BLS approved LSO training course


References 

Two (2) professional reference questionnaires or letters of recommendation from the applicant’s 
supervisor and/or other knowledgeable person(s) stating that the applicant has performed 
specific responsibilities of the LSO. These should be emailed directly from the reference to 
BLS.


Courses that meet the CLSO eligibility requirement 

Kentek

	 Comprehensive Laser Safety Officer

	 Livestream Laser Safety Officer

Laser Institute of America

	 Laser Safety Officer with Hazard Analysis

	 3-Day LSO + Online Hazard Calculations Training (both must be completed)

	 Online LSO + Online Hazard Calculations Training (both must be completed)

Rockwell Laser Industries

	 Principles of Lasers & Laser Safety Officer Course (L-250) (both must be completed)

University of Toronto EHS

	 Laser Safety Officer Training

University of Alabama at Birmingham

	 MHP 654- Laser Safety and Protection – Please contact Dr. Emily Caffrey at 
emilycaf@uab.edu for more information


Certification maintenance/renewal 

After an individual has passed the certification examination, he/she will be required to maintain 
that certification through approved professional development activities over the 3-year 
certification period. As the industry changes and technology grows, so too must the knowledge 
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of the CLSO and CMLSO. The BLS only recognizes BLS Certification Maintenance (CM) points 
and may award these points for eligible laser-related activities.


A CLSO or CMLSO can renew by points or by taking the exam again (at a reduced rate).


Renewal by BLS CM Points 

• Earn 10 BLS CM Points during your 3-year certification cycle. Earn through these activities; 
maximum number of BLS CM Points within an activity is shown in parenthesis:


• job/laser safety experience (3 pts)

• laser safety education and training (7 pts)

• publication of papers (3 pts)

• membership in a laser safety-related organization such as LIA, AIHA, HPS (3 pts)

• teaching outside your job (3 pts)

• active participation in a standards or regulatory committee (3 pts)

• attending laser safety-related professional conferences or meetings (4 pts)

• presentation or poster papers at professional conferences or meetings (2 pts)

• other laser-safety related activities (2 pts)


• For continuing education, teaching and conference categories, the CM point breakdown is 
as follows:


• < 2 hours = ¼ CM point

• 2 hours to 4 hours = ½ CM point

• 4 hours to 6 hours = ¾ CM point

• > 6 hours = 1 CM point


• Document your CM points on the CM worksheet and submit to BLS by the deadline. 
Include supporting documentation as evidence of points earned.


• Once your points are approved, you will be sent the renewal invoice


Renewal by Exam 

• The exam must be taken before the December 31 deadline.

• You have one opportunity to pass. If you pass, your certification is renewed for another 3-

year cycle. If you fail, your certification becomes inactive. 
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Selected lasershow-related safety 
courses 
ILDA Laser Safety Officer for Lasershows and Cat 
A Shows 
Includes a 125-page laser light show safety reference manual, 350 PowerPoint slides, and an 
85-page printout of the slides with room for notes next to each slide. The class lasts about 9 
hours including 2 hours of test-taking; those who pass a test at the end will receive a 
Certificate of Completion. It includes information so the student who passes is also qualified to 
do ILDA Category A Laser Shows. 


Course content 
 
(1) For user personnel routinely working on or around lasers: 
 
      (a) Fundamentals of laser operation (physical principles, construction, etc.)

            (i) How laser light differs from, and is more hazardous than, conventional light

      (b) Bioeffects of laser light on the eye and skin

            (i) History of injuries in laser light shows

      (c) Significance of specular and diffuse reflections

      (d) Non‑beam hazards of lasers (electrical, chemical, reaction by‑products, etc.)

      (e) Laser and laser system classifications

      (f) Brief introduction to MPE and NOHD

      (g) Control measures

            (i) How to recognize failure or breach of the control measures

            (ii) Avoiding damage to cameras, video projectors, and LED lighting instruments

            (iii) How to anticipate and plan for possible problems

      (h) Responsibilities of management, LSOs and laser operator

      (i) Medical surveillance practices

      (j) The need for CPR training for personnel servicing or working on lasers with exposed high 
voltages and/or the capability of producing potentially lethal electrical currents

      (k) Governmental requirements overview

      (l) Coverage of ILDA's Category A Laser Show Standard

            (i) How Cat A shows differ from government requirements 
 
(2) For the LSO or other individual responsible for the laser safety program, evaluation of 
hazards, and implementation of control measures, or any others if directed by management to 
obtain a thorough knowledge of laser safety: 
 
      (a) The topics listed in section (1) above, plus

            (i) Irradiance significance
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            (ii) MPE and NOHD significance and calculations

            (iii) ILDA's Category A Laser Show Standard

            (iv) ILDA's Basic Principles of Lasershow Safety

            (v) Analyzing and lowering beam hazards

            (vi) Laser safety standards and organizations

            (vii) Governmental regulations

                        How to fill out U.S. FDA variance forms

                        New York State regulations

            (viii) Hazards of laser light outdoors

                        How to fill out U.S. FDA outdoor laser operations forms

            (ix) Hazards of audience scanning

            (x) Types and limitations of power meters

      (b) Laser terminology

      (c) Types of lasers, wavelengths, pulse shapes, modes, power/energy

      (d) Basic radiometric units and measurement devices

      (e) MPE levels for eye and skin under all conditions

      (f) Laser hazard evaluations, range equations, and other calculations 
 
(3) Technical considerations (Arizona note: ILDA's course does NOT include Intense Pulsed 
Light or IPL devices. Arizona regulators have stated to ILDA that this is OK for laser show 
producers and operators, since they do not use IPLs.) 
 
      (a) Laser device descriptions

      (b) Definitiona

      (c) Laser device radiation fundamentals

      (d) Laser mediums and types of lasers (includes information regarding diodes and solid, 
liquid and gas laser devices)

      (e) Biological effects of laser light

      (f) Damage mechanisms

             i. Eye hazard

             ii. Skin hazard

             iii. Absorption and wavelength effects

             iv. Thermal effects

      (g) Photo chemistry

      (h) Photosensitive medications are NOT covered as this is an IPL consideration 
      (i) Criteria for setting the Maximum Permissible Exposure (MPE) levels for eye and skin 
associated hazards

      (j) Explosive, electrical and chemical hazards

      (k) Fire, ionizing radiation, hazards and other hazards as applicable.
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Other ILDA laser safety courses 
Laser Safety Officer for ILDA Category A Laser Shows course 
This is for 1) persons who want to do ONLY the simpler, lower-powered Cat A shows or 2) 
existing LSOs who want to learn about the Cat A Standard so they can do Cat A-compliant 
shows. 4 hours plus a 45 minute test, 4.75 hours total.


Lasershow Operator course 
Provides a basic overview of laser safety, for those who are operating laser show equipment, or 
are working around laser shows. It goes over laser safety basics and why it is important to 
follow procedures set up by the Laser Safety Officer. 4 hours plus a 45 minute test, 4.75 hours 
total.


Audience Scanning Safety course 
How to do deliberate audience scanning legally in the U.S., and safely in any jurisdiction. It is 
an advanced class. Students should have already taken, and successfully passed, ILDA’s LSO 
- Lightshows course. The course takes about four hours; there is no test at the end. Attendees 
receive a Certificate of Completion.


Lasershow Safety Inspector course / Laser Safety Officer for Supervising 
Illinois Laser Shows course 
Intended for persons working in live production environments, including concerts, theatrical 
productions, corporate shows, and special effects. The person is reviewing a laser light display 
created by another party, to help determine if the show is safe and legal. The student does not 
need to know how to create shows, how to fill out FDA and FAA paperwork, etc. — they need 
to know how to inspect and supervise laser shows done by others. About 8 hours, including a 
2 hour test. 


Laser Safety Services LLC 
Laser Safety Officer training is done virtually via Zoom.  Training takes 3-4 hours and includes a 
test. All trainees are issued an Acknowledgement of Training form as proof of attending the 
LSO course. Trainees who pass the test are issued a Laser Safety Officer (LSO) Certificate of 
Successful Completion.


Laser Safety Services LSO Certificates are accepted by international, federal and all state 
governing agencies. Topics covered are:


• History Beam Terms/Characteristics 

• Laser Safety Training Standards

• Laser Safety Hazards

• Accident/IncidentsClassification

• Standards/Regulations
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• Hazards and Entertainment - includes Outdoor Operations

• Control Measures and SOPs


Practical knowledge in the form of  hands-on training will be done on their own time. Trainees 
will submit a video of the setup process and a completed Quality Control Safety Checklist. 
Laser Safety Services will issue a hands-on training stamped Laser Safety Officer Certificate of 
Completion.


All trainees will receive a pdf version of our book Laser Safety for the Light Show Projection 
Industry and Dropbox access to the Laser Safety Services Laser Safety Manual for 
Entertainment and Display which includes the following contents:


1. Introduction

2. Articles

3. Laser Biological Hazards

4. LSO Training Requirements

5. Outdoor Laser Standards and Regulations

6. Outdoor Laser Safety Articles

7. Report Guides and Forms

8. Laser Safety Standards Information (ANSI, IEC) and

9. Regulations (International, Federal, State and Local governing agencies)


We firmly believe that anyone operating lasers needs to own their own laser safety program. 
Our class will provide you with the skills and knowledge you need.


Syllabus 

Students who register for Laser Safety Services Laser Safety Officer course recognize the 
value of obtaining laser safety training prior to using laser projectors before the general public.


This Laser Safety Course includes the following primary functions:

	 a) the introduction to the history and development of lasers including

	 	 a. Laser Light Basics

	 	 	 i. electromagnetic spectrum

	 	 	 	 1. visible wavelengths

	 	 	 ii. Unique characteristics of laser light

	 	 	 	 1. Monochromatic, Directions and Coherent

	 	 	 	 2. Pulsed/Continuous Wave

	 	 	 iii. Laser Components

	 	 b. Hazards related to Laser Light

	 	 	 i. Describe physics

	 	 	 ii. How to calculate formulas to determine hazards

	 	 c. Beams Terms and Characteristics

	 	 	 i. View Conditions

	 	 	 	 1. Specular and Diffuse Reflections

	 	 d. Definitions of Laser Hazards
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	 	 	 i. Bio Laser Hazards

	 	 	 	 1. Skin/Eye

	 	 	 	 2. Sources of injury 

	 	 	 ii. Hazards and Airspace 

	 	 	 iii. Non beam hazards

	 	 	 iv. Alignment/zoning procedures

	 	 	 v. PPE

	 	 e. Accidents and Incidences

	 	 	 i. Laser Hazard Evaluations

	 	 	 ii. Definitions (MPE, NOHD, NHZ, Etc) 

	 	 	 iii. Causes of Accidents

	 	 	 	 1. Beam and non-beam

	 	 	 iv. Reported injuries by occupation

	 	 f. Laser Classification

	 	 g. Standards 

	 	 	 i. TEC 60825

	 	 	 ii. ANSI Z136

	 	 	 ill. SAE

	 	 	 iv. ESA

	 	 h. Regulatory Compliance

	 	 	 i. FDA/CDRH

	 	 	 	 1. CFR 1040.10 & 11

	 	 	 	 2. Variance Process

	 	 	 	 3. Annual Reports

	 	 	 ii. State and Local Regulations

	 	 	 	 1. Arizona

	 	 	 	 2. Florida

	 	 	 	 3. Massachusetts

	 	 	 	 4. New York

	 	 	 	 5. Texas

	 	 	 ili. International Regulations

	 	 	 	 1. Australia

	 	 	 	 2. United Kingdom

	 	 i. Laser Certification

	 	 	 i. Labeling Requirements 

	 	 	 ii. Performance Requirements 

	 	 	 ili. Information Requirements 

	 	 	 iv. Projector Information

	 	 j. Role of LSO - LSO Responsibilities

	 	 k. Hazards and Entertainment
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	 	 	 i. Nominal Hazard Zone

	 	 	 ii. Environment iii. Personnel iv. Non-Beam Hazards

	 	 I. Aviation Hazards

	 	 m. Control Measures

	 	 	 i. Administrative includes Procedural

	 	 	 ii. Engineering

	 	 	 iii. PPE - Personnel Protective Equipment

	 b) Recommend Reading:

	 	 a. Upon receipt of payment for the course attendees will be provided with:

	 	 	 i. Dropbox link to the Laser Safety Services Laser Safety Manual 

	 	 	 ii. A pdf version of the Laser Safety Services book: Laser Safety for the Light Show 
Projection Industry


LVR Optical 

Laser Safety Awareness Training for the Workplace Course 
1 day (prerequisite for LSO Workshop course below)


Laser Fundamentals & Hazards

Biological Effects

Laser classification

Laser beam properties

Legal requirements for occupational safety

Product safety requirements

Protective eyewear

Engineering controls, including interlocks

Managing laser risk


Laser Safety Officer Workshop, with Examination 
 1 day + 1 day course above = 2 days


Duties and responsibilities

Essential laser characteristics for hazard evaluation

Safety evaluation

Determining MPE

NOHD calculations

Eyewear calculations

Developing a laser safety plan

Practical considerations for laser safety
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Examination


Professional Laser Display Safety Course 
Understanding and applying the IEC 60825 laser safety standards 

The course runs through a single day from 09:30 hrs to 16:00 hrs, with welcome tea/coffee and 
a buffet lunch. Along with lunch break, you will also have morning and afternoon refreshment 
breaks where tea and coffee and soft drinks are available. If you opt to sit the examination, this 
would be sat at the end of the day (approx. 45 minutes) along with an exam debrief upon 
completion by James Stewart.


The course and the accompanying colour printed manual is divided into six main segments 
that each cover a different aspect of the points that need to be considered before performing a 
laser display:

1. Laser Show Basics 
The day begins with an introduction into laser beam properties and hazards, and how these 
relate to common scenarios present in the entertainment. Parameters and terms used for laser 
safety assessment are introduced. 

2. Laser Display Optical Hazards 
Laser display hazards are highlighted, along with explanations as to why laser light properties 
are hazardous, and the resulting biological injuries from exposure. 

3. Laser Exposure Limits and Safety

Maximum Permissible Exposure (MPE) and Exposure Limit Value (ELV), Power Density and 
Nominal Ocular Hazard Distance are all discussed.

4. Laser Safety Legislation 
Discusses relevance of the published Laser Safety Standards and Health & Safety regulations 
(including the Control of Artificial Optical Radiation at Work Regulations 2010). Standards 
documents published by the British Standards Institution (BSI) are covered as well as guidance 
published by PLASA and other organisations. Useful to both manufacturers and users alike, we 
cover what minimum safety features should be included on Class 3B and Class 4 laser 
products used for laser displays. 

5. Laser Installation Guidance 
This segment covers the rules and guidance for best practice for creating safe laser display 
installations including separation distances, standard safety techniques and practices. 
Examples of a wide range of real-world installation configurations are covered, demonstrating 
how safe installs can be achieved, highlighting common issues and acceptable solutions 
expected to maintain safety. 

6. Laser Show Documentation and Laser Safety Management 
Introduces the Display Safety Record (DSR), describing its purpose and key elements that 
should be included, before moving on to developing a concise document that can be used as a 
solid basis for creating your own DSRs going forward.Examples of risk assessment and 
method statements (RAMS) are developed. Coverage includes the use and development of 
standard checks and precautions to help improve safety performance and provide assurance 
to others that you work with, including regulatory authorities.
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Laser Safety Training 
Lasers can be dangerous and can cause hazards if they are not installed and operated safely. 
Standards, regulations, and guidance do exist for using lasers, but understanding what is and 
is not necessary for laser displays is a daunting task. Our Laser Display Safety training course 
is designed to teach you what's necessary to perform safe shows. The training course covers a 
wide range of laser safety topics targeted specifically for the light show and entertainment 
industry:

• Laser hazards

• How to design safe shows

• Audience scanning discussions

• Learn how to prepare risk assessments

• Working with local authorities

• Manufacturing and installation requirements

• Legal requirements


Any person or venue operating a laser display that has an output power of more than 5mW is 
required to appoint a responsible person for overseeing the safe installation and operation of 
the laser display. The topics covered in our safety course have been designed to help the laser 
user ensure they have the knowledge required to perform safe and legal laser displays. The 
cost of our safety course is probably much less than what most operators would charge for a 
single laser show event; and with regulators having the authority to say no to a display if they 
are not happy with things, attending one of our courses and making sure you are aware of 
what's needed, can help you to avoid running into any such problems.


The one day course covers a wealth of information essential to anyone involved in the laser 
display industry that wants to ensure that their knowledge on laser matters is sufficient and is 
up to date with the latest developments.


Our course also meets the requirements of the ILDA Pro Accreditation Scheme, where 
successful completion of the exam can be used to support applying for ILDA Pro Laser 
Company status.


ER Productions 
Safe Working with Display Lasers 

As an IOSH (Institution Of Occupational Safety and Health) approved training provider, our Safe 
Working With Display Lasers course is the first of its kind, developed to deliver hands-on 
practical sessions by industry experts and taught over 2 days. Built for the international market, 
it meets all the requirements for Laser Safety Operators in the US & UK, as well as meeting the 
training standards of ANSI & EN60825.

 
The course is aimed at those who work with, around, or evaluate the use of Display Lasers and 
on completion, you will receive your LSO certificate.
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Laserworld Academy 
“We offer trainings according to the German OStrV §5 and TROS for participants being able to 
be applied as Laser Safety Officers…. We offer LSO trainings according to German law in 
German as well as in English….”


LaserLightAcademy.com 
Affiliated with Laser Light Company of Seminole, FL 

Laser Safety Officer Training 
Get Certified As An LSO 

Learn everything there is to know about being an LSO with our comprehension [sic] 
certification course. Study the provided course materials and course work as to prepare for the 
certification exam.


After completing our course and passing our certification exam you will be a certified LSO.


This course will cover basic laser principles, laser show safety and regulations on the federal, 
local and state level. Every professional laserist should know this information in order to make 
educated decisions in the field. "Safety" is the key word for this curriculum. Lasers can be 
dangerous if handled improperly, that's why there are standards and regulations. The ANSI 
Standard Z136.1 is written and amended by laser professionals to suggest best practical 
methods of operation and calculations which is recognized by OSHA. 


This is a comprehensive class for laser show operators and technicians, laser safety officer 
"LSO". This class does not cover the material for the Certified Laser Safety Officer "CLSO" 
training, which applies to all industry-wide laser professionals. 


This class can be taken at any pace and once completed the test will be available anytime. The 
point in all of this is to absorb the information and just know it. Not every scenario will be the 
same and it's up to the LSO to make sound decisions based upon education and mostly 
common sense.


Our instructors are experts in their field, with years of experience working on major projects 
around the world - they will teach you all about their work process and how to stay safe on 
site.
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Selected laser safety courses 
Listing some non-lasershow courses — how long, how in-depth 
LaserSafetyCertification.com 
“Get OSHA certified in approx. 1 hour / 100% OSHA compliant / ANSI Standard Z136.1 / 
Online”


Industrial LSO Certification 

• How Lasers Propagate Light

• Scientific Terms

• Hazard Evaluation

• Control Measures

• Medical Examinations

• Non-Beam Hazards

• Eye & Skin Exposure

• Protective Equipment


TexasLasers.com 
From Texas Laser Institute, “The Worldwide Leader in Aesthetics Training”


About This Course 

Training as a Laser Safety Officer “LSO” is a two (2) hour seminar, with both theory and 
extensive practical knowledge for the safe operation of lasers and IPL machines.  At the 
completion of the program, an examination will be administered. 


There are no special requirements for completion of the course other than to complete at least 
90% of the classroom hours, take active part in class discussion and the hands-on practicum, 
as well as to score a passing mark on the final examination of at least 80%. 


A certificate from the Texas Laser Institute, LLC as a Laser Safety Officer will be awarded to 
each individual with the completion of necessary course hours and a passing score on the 
examination.


Main Skills to Be Learned 

• National standards for the safe use of class 3b and class IV FDA approved medical 
devices.


• Mitigating and addressing the unique hazards of light based aesthetics systems

• Demarcation of the nominal hazard zone, with safety considerations

• Practice considerations – implementation of a laser safety program 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Other resources 
PLASA Safety of Display Lasers 
May 2019 version


Table of Contents 

Safety of Lasers 
Introduction 
About this guide 

Why do you need this guidance?

Risk from the laser beam hazards


Laser Beam Hazards: How to Reduce Their Risk 
Laser Beam Hazards – Optical 

Laser Beam Hazards – Skin Burns and Fire Risks 

Other Laser Beam Hazards 


Managing Laser Safety 
Plan, Do, Check and Act 

Roles and Responsibilities 

Liaising with Others 

Competency 

Emergencies/Contingencies 

Eye injury - Actual or Perceived


Show Planning and System Design 
What is the creative brief? 

Where the effects will be used? 

When Laser will be used? 

How will it be done? 


Installation and Alignment 
Installation 

Alignment 

Programming 

Rehearsal 


Pre show checks 
Assessing for safety 

Visual checks 

Physical checks

Sign off 


Operation 
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Monitoring the show


Post show 
Show complete 

Dismantle and removing 


Appendices  
Appendix A: Glossary of Laser Terms 

Appendix B: Types of Lasers 

Appendix C: Laser Classification

Appendix D: Case Studies

Appendix E: Contacts 

Appendix F: Amsler Grid and instructions

Appendix G: Bibliography
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Questions/comments from P. Murphy 
For laser lightshows, should the LSO cover visible light only? 
• If yes, then a specialist can be brought in should there ever be a need for display laser 

usage covering UV (“Voyage of the Little Mermaid”) or IR.

• If no, then what wavelength ranges and what material should be covered — how often will 

this be used?


Should hands-on be a requirement? 

• Pro: Useful to know that the student has safe laser practices in the field. (But can it cover 

significant safety material?)

• Con: Not required for LSOs under ANSI, FDA or others — why for our industry?


What should be taught about non-traditional laser sources such as Laser Illuminated 
Lighting Instruments? Just describe them, say they need variances in the U.S., and that the 
LSO for Laser Lightshows course does not cover them?


What should be taught about audience scanning? Very basic info such as what it is and why 
not to do it unless a more advanced class is taken? (E.g., it is OK to be a LSO for non-
audience scanning lightshows?) Or how to do it safely? 


What should be taught about using power meters? Very basic info such as the difference 
between and limitations of thermal and photodiode sensors? Should they be able to take a 
meter reading? Should they be required to do so (hands-on)?


Should there be any levels, such as “LSO for Non-Audience Scanning Laser Lightshows”, 
“LSO for Laser Lightshows including Audience Scanning”?


What about “LSOs” who are really laser show safety inspectors, such as what Illinois 
requires? They will not be creating or producing a laser show. But they will be monitoring the 
safety and legality of such shows. There should be some adjustments to the course material 
for these people. I suggest a different level/title for them such as “Lasershow Safety Inspector” 
or “Laser Safety Officer for Supervising and Inspecting Laser Shows”


Should there be a time limit on LSOs? The certificate would be good for 5 or maybe 10 
years. Then they have to take the course again, or have some other means of renewing similar 
to the Board of Laser Safety? Or, save that for any BLS “Certified Lasershow Laser Safety 
Officer” program?


IMHO, the word “certified” should not be used in marketing materials nor on the certificate 
unless the course meets requirements such as those met by the Board of Laser Safety’s 
certified LSO courses. This is also to protect the LSO course provider. They are not certifying 
that their students are qualified, just that they attended and passed a course.


CLLSO questions/comments 
Referring to a proposed Board of Laser Safety “Certified Lasershow Laser Safety Officer” 
(CLLSO) exam, similar to the BLS’s existing CLSO (general) and CMLSO (medical) 
certifications. 
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The course should require no math. The CLSO exam requires math, but the CMLSO exam 
does not. I believe that using calculators such as Skyzan or the ones at 
LaserPointerSafety.com are sufficient for lightshow safety applications.


Brian Gonzalez advocates having many or most CLLSO questions be based on scenarios. 
The student is given a situation and must come up with an answer. This may involve specific 
knowledge (“Is the irradiance at the given distance hazardous”) or practical judgement (“What 
are three ways to reduce the irradiance?”). All exam questions are multiple choice. Scenario-
based answers can work fine within that restriction (e.g., no open-ended questions or essays).


Comments from Casey Stack 
Regarding Laser Light Show Training Requirements 
 

Operators of Class 3B / Class 4 laser display in the US, either based in the US or operating on 
the US leg of a tour regularly discuss what it would take to change the regulatory environment 
from the extensive requirements and complexities of fulfilling the US FDA CDRH paperwork, to 
one of more practical safety. The FDA can only begin to take requests for self-regulation 
seriously after this industry treats radiation safety training as seriously as the other industries 
which they allow to self-regulate. This includes in-depth laser safety training commensurate 
with other industries and applications. And for good reason. 

 

Let’s clarify the difference between a suitably trained operator and an LSO. If well trained 
operators are guided by LSO oversight, they don’t necessarily have to be able to achieve all of 
the below (in addition to existing training requirements). But the LSO does. It is reasonable and 
required that LSO training includes determination of values that will require some math. The 
individuals who have their fingers on the levers of public safety have a serious responsibility. If 
you can’t be bothered to learn some basic math for safety, you might be qualified to be an 
operator… but not an LSO. 

 

Laser light show LSOs should be able to:

 


• Define the terms MPE, NOHD, NHZ and explain and determine them.

• Explain simply in a sentence or two why laser light presents such a serious retinal 

hazard compared to all other light sources.

• State the typical increase in irradiance from the cornea to the retina. (it’s up to 8 million 

% increase for a fully illuminated 7mm pupil). About 80,000 times increase.

• Explain to anyone the simple concept of the 8 million % increase in irradiance from the 

cornea to the retina. i.e. Why does it increase this much?

• Explain simply and understandably, the difference between power and energy. 

• Use the tables to determine MPE for CW emissions for various exposure scenarios.

• Use the tables to determine the MPE for given pulses. (Remember, a scanned CW laser 

generates pulses on the retina) 

• Determine divergence angle of a beam

• Calculate irradiance at a distance

• Explain the difference between peak power and average power (this convenient 

confusion is why way too many shows run about 30x to 100x over the legal limit)
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• Explain the difference between, and the proper use of, thermal detectors, quantum 
detectors and pyroelectric detectors. (This is the cause of lots of measurements being 
off by a factor of 3,000%)


• Determine if a laser meter is indicating peak or average power. 

• Calculate peak power and pulse energy from average power

• Other stuff too…. 


 

For those involved in Audience Scanning (A.S.)

 


• A Lot more stuff, T.B.D.

• Many of the AS intent people that call us don’t understand that a projector with a scan 

failure safeguard does not automatically, by itself ensure safety or that exposures are 
below the MPE. 


• Too many don’t understand that a projector with a scan failure safeguard is just an 
airplane engine, but gathering all the other parts and building the airplane and learning 
to fly is your responsibility…  and very complex. 


Also… 

 

We are already getting pushback about requiring some training that ‘won’t be used every day 
you hang a projector on a truss…’ However, nurses, physicians and surgeons all had to take 
physics and chemistry as well as biology. Would you like your X ray technical to have had one 
or two days of safety training? There is good reason for a solid basis in the science of safety. 
And yet, I’d still rather have a completely untrained person jab a needle in my arm, than an 
untrained laser operator aim a projector at my seat in the audience, or into uncontrolled 
airspace without a complete understanding of visual effects. These items are not ancillary 
satellite data… they are precisely related to what the LSO and laserist are doing daily. 

 

It will be this kind of thorough approach to training that can give the US FDA CDRH the ability 
to relax requirements. Just like the PADI organization that self-certifies SCUBA divers. SCUBA 
is seriously dangerous stuff if done wrong, but governments decided to allow an association to 
handle the approvals because they did it adequately and completely to a realistic level of safety 
and training. 

 

It occurs to us that 30 minutes of training dedicated to the legal aspects of LLS production and 
injury settlements will be a useful addition. Let’s discuss those cases where your insurance 
won’t pay that US$5,000,000 for an eyeball. This knowledge will go a long way to make people 
stop for the first time and really think about their actual legal exposure and potential liability… 
resulting in more mindful and safer operation, even if the eye they save is their own. 
Historically, operators are much more likely to get injured than the public. But that now blind 
employee, if even only blind in one eye, may well bring suit against you, her employer or 
contract customer in the case of stagehands.  

 

Have you considered the fact that insurance is not generally going to pay for an eye injury 
settlement? Their position is typically: When you apply the safety standards properly, an injury 
is essentially impossible. So if it happens, the insurance companies may argue that you were 
not operating per reasonable safety standards.. for which they then tend not to pay. Then, that 
$5M is coming out of your company or potentially home / personal assets or settled by 
bankruptcy. 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