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Approved Meeting Minutes 

IEEE/ICES TC95 Subcommittee 3 
Safety Levels with Respect to Human Exposure to Electromagnetic Fields, 0 - 3 kHz 

and 
IEEE/ICES TC95 Subcommittee 4 

Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic 
Fields, 3 kHz to 300 GHz 

0900 – 1530 h 
 Wednesday, 22 January 2020 

Motorola Solutions, 8000 West Sunrise Blvd, Plantation, FL 33322 

Call to Order Ziskin 

The meeting was called to order by Marv Ziskin at 0920 h 

Introduction of those Present All 

Each of the attendees introduced her/himself. 
(See Attachment 1 for list of attendees.) 

Approval of Agenda Ziskin 

The proposed agenda was approved  
Following a motion by Tell that was seconded by Johnson, the agenda was unanimously 
approved. (See Attachment 2.) 

Approval of the Minutes (7 August 2019 Meeting) Ziskin 

The Minutes of the meeting held on 7 August 2019 in Santa Rosa (CA) were discussed. There 
were a couple of editorial comments by Wessel and Chou. 
The minutes were modified accordingly and following the discussion, Glembo moved to 
approve the August 2019 SC3/SC4 minutes. The motion was seconded by Fisher sr. The 
motion passed unanimously. (See Attachment 3). 

Discussion of Patent Concerns Ziskin 

SC4 Chairman Ziskin made a “call for patents” relating to the work performed by members of 
SC3 and SC4 in making standards. (See Attachment 4).The chairman asked the SCs if there 
were any such patents assigned to SC members; there was none.  

Chairmen's Reports SC3/SC4 Co-chairs 

SC4 Chairman Ziskin presented the report (see attachment 5).  
- Ziskin announced the new co-chair of SC3/4 being Alexandre Legros, he is the successor 

of Kevin Graf who moved to the FCC.  
- Major SC3/4 tasks were reviewed, the most important of which was the approval of the 

corrigenda by IEEE and the insertion of the comments. The new standard was approved 
by IEEE on October 3rd 2019. Following publication on October 4th.  
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- Ziskin expressed his special thanks to the Editorial Working Group, with special thanks to 
Antonio Faraone and Pat Roder (IEEE staff). Furthermore he thanked Joe Elder and 
Antonio Faraone for their work on the literature database, surveillance and review. 

- Following the approval of C95.1-2019, advertisement was performed by means of 
announcement to Major Regulatory Bodies, International Web Sites and a publication in 
IEEE Access with a synopsis of the new standard. Ziskin expressed his thanks to the 
authors and special thanks to C-K Chou and Ric Tell for their work on the synopsis. 

- Ziskin addressed the release of FCC Proposed Rule Making on Exposure Limits being 
“Resolution of Notice of Inquiry, Second Report and Order, Notice of Proposed Rule 
Making, and Memorandum Opinion and Order”. The document led to the generation of a 
response from ICES to FCC to express the concerns of ICES wrt the FCC proposal. An 
initial draft was produced and distributed among the SC members. Additional input is 
needed and ICES consensus approval is necessary, followed by IEEE Legal Approval. 
Niels Kuster raised the question abouth the publication date of the FCC document. Bob 
Cleveland answered that there is no timetable yet, the document is also not yet registered. 
He also provided a sample format that can be used for comments to FCC (see Attachment 
6) 

- On July 2019, Ric Tell was awarded with the 2019 Distinguished Service Award from 
Health Physics Society for his Accomplishments of fundamental importance to the 
practice, acceptance, and advancement of Non-Ionizing Radiation Protection. 

Report on Publication of PC95.1-2019 Ziskin 

a) ELF/RF Literature surveillance Elder 
Joe Elder presented his report on the literature surveillance, currently the database holds 
7344 citations of which 91.7% consists of a full PDF file. In the last 2 years 535 papers 
were added. The details of the brief can be found in Attachment 7. 
Amongst the publications are four recent epidemiology papers on RF exposure and 
cancer. These were highlighted by Joe Elder and can be found in Attachment 8. 

b) ELF/RF Literature review Group Leaders
Both Bob Cleveland and Ric Tell presented their view on the difficulties they experience
with spatial averaging and the limits set for local body exposure. Cleveland raised the
question “could there be confusion over the meaning of “local,” “localized,” and/or
partial body exposure?” and concluded that the terms could be mixed up.
Tell gave a presentation on a Working Group on spatial averaging from 22 years ago and
concluded with the following questions:

• Should appropriateness of spatial averaging of incident fields relative to whole-
body SAR be further evaluated?

• Does the ‘discontinuity’ in averaging area at 6 GHz result in any detriment
relative to preventing an exposure hazard?

• Is specifying only a spatial peak value of local field along with a WBA value
below 6 GHz sufficient for safety?

Their presentations were followed by a general discussion.  
In Attachment 9 & 10 the presentations can be found. 

c) Update on the revision of ICNIRP guidelines on HF fields Hirata
Aki Hirata briefed the latest information on the revision on ICNIRP RF guidelines, the
commission is waiting for the 2nd round of approval, there were some editorial issues. The
limit lines are now very close to the IEEE exposure limits.
On the LF ICNIRP guidelines that date from 2010 he mentioned that in the ICNIRP May
meeting an update of the LF guideline will be on the agenda.
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d) Update on the draft C95.1 paper for IEEE Access Chou
C-K Chou gave a summary on the history of C95.1 and how advertisement of the
standard was taken care of. The publication of latest version of the standard lead to the
publication of a synopsis of the document in the IEEE journal IEEE-Access, the synopsis
can be found here: https://ieeexplore.ieee.org/document/8910342

e) Update on letters to US government agencies Keshvari
Jafar Keshvari gave an update of his activities in the Communication with US regulatory
bodies about C95.1 publication & FCC’s Request for ICES Input. The presentation
contains a list of countries that have used IEEE or FCC limits. In total, regulatory
communication about the C95.1 publication was sent to 121 countries all over the world.

Discussion on Future Changes for C95.1 Kavet 

Bob Kavet presented his view on the near-term priorities for SC-3. These are: 
- Identify criteria for identifying relevant CNS effects, exclusive of 

magnetophosphenes. 
- Incorporate anatomical modeling into determining effect thresholds and ERLs; 
- Harmonize contact current with electric field ERLs. 
- Revisit statistically-based safety factors. 
- Harmonize with ICNIRP? 
- Format of ICES Standard 95.1 Content 

The presentation was followed by a general discussion. Bob Kavet thanked Kevin Graf being 
the co-chair of SC-3 and welcomed Alexandre Legros as the new co-chair. 
Marv Ziskin asked what a new safety factor for PNS would be, based on the new data being 
presented. Bob Kavet indicated that the safety factor could be lowered to approximately half 
of the current safety factor. 
Ric Tell opened a discussion on the apparent inconsistency between E-field limit and 
contact/induced current limits. If they were to be harmonized, that would implicate a 
significant change in either the E-field limit (much lower) or an increase in the limits in 
contact/induced current. The discussion did not result in a final conclusion on how to proceed. 
In Attachment 11 the presentation can be found. 

Technical Presentations 

a) Highlights of the GLORE 2019 Annual Meeting in Lima Chou 
C-K Chou presented a review of the GLORE 2019 meeting.
GLORE (Global Coordination of Research and Health Policy on RF Electromagnetic
Fields) is a coordination action initiated by Japan and Korea in 1997 and joined by
Europe and then by USA, Australia and Canada. Each year scientists and policy
authorities from GLORE delegations take part in this meeting. The highlights of the
meeting can be found in Attachment 12.

b) Temperature elevation from High Fluence Pulses  Kuster 
Niels Kuster presented findings on Consistency of EM Exposure Safety.
Frameworks for Localised and Pulsed Exposure >6GHz. The following topics were
addressed:

• spatial averaging
• temporal averaging
• responses to criticisms

The presentation was followed by a general discussion. In Attachment 13 the presentation 
can be found. 
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c) Thermal Analysis of Averaging Time in Radio-Frequency exposure     Foster
Limits Above 1GHz.
Ken Foster presented a brief on the effect of short, high-fluence MM-wave pulses being
able to cause large temperature spikes. The presentation was followed by a general
discussion. In Attachment 14 the presentation can be found.

d) My visit with Dr. Sol Michaelson Tell 
Ric Tell presented his experience on a visit with dr. Sol Michaelson who was an
important contributor to data related to heating effects of exposure to electromagnetic
fields by doing experiments on dogs. The brief can be found in Attachment 15.

 Presentation of Awards   Ziskin 

For their contribution to completing the C95.1 the following persons were rewarded with an 
IEEE Award: 
Bob Cleveland, David Maxson, Jerry Bushberg, Antonio Faraone, Joe Elder, Rob Kavet, Ric 
Tell, Aki Hirata, C-K Chou, Peter Zollman, Ron Peterson and Marv Ziskin. 

 Other New Business Ziskin 

There was no further discussion and no action item. 

 Date and Place of Next Meeting Ziskin 

Friday, June 19th 2020 in Newbury, United Kingdom. 

 Adjourn Ziskin 

There being no further business, the meeting was adjourned at 1530 h. 
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Sign-in Sheet 

SC3/4 Meeting, 22 January 2020, Plantation, FL 
 

 
Name 
(last) 

Name 
(first) 

Affiliation IEEE-SA 
Member? 

Present 

1.  Bailey Bill Exponent Yes √ 

2.  Bushberg Jerrold UC Davis Yes √ 

3.  Butcher Matt Sublight Engineering Yes √ 

4.  Chou C-K C-K. Chou Consulting Yes √ 

5.  Cleveland Robert EMF Consulting Yes √ 

6.  Colville Frank US Army PHC Yes √ 

7.  Cotton David Waterford Consultants Yes √ 

8.  Dopart Pamela Exponent No √ 

9.  Elder Joe Retired No √ 

10.  Escobar Roel  Air Force Yes √ 

11.  Faraone Antonio Motorola Solutions Yes √ 

12.  Fisher Kevin Smith and Fisher, LLC Yes √ 
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Name 
(last) 

Name 
(first) 

Affiliation IEEE-SA 
Member? 

Present 

13. Fisher Kyle Smith and Fisher, LLC Yes √ 

14. Futch James Fla. Dept. Health, Radiation Control No √ 

15. Giles Olin Omni Vision Associates Yes √ 

16. Glembo Tyler Intel Yes √ 

17. Goga Bit-Babik Motorola Solutions Yes √ 

18. Haes Donald Consultant Yes √ 

19. Harmon Ray DoD/Navy Yes √ 

20. Hirata Aki Nagoya Institute of Technology Yes √ 

21. Jaurigue Daniel RF Safety Company No √ 

22. Johnson Robert EME Safety Yes √ 

23. Kantner Kim AT&T Services, Inc No √ 

24. Kavet Rob Kavet Consulting LLC Yes √ 

25. Krebs Paul Verizon No √ 

26. Kuster Niels ITIS No √ 

27. Legros Alexandre LHRI Yes √
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Name 
(last) 

Name 
(first) 

Affiliation IEEE-SA 
Member? 

Present 

28.  Maxson  David  Isotrope Yes √ 

29.  Miyagi Hiroaki HM Research & Consulting Co., Ltd.  Yes √ 

30.  Paquin Josee National Defence Canada No √ 

31.  Roder  Patricia IEEE SA Staff Liaison √ 

32.  Sliney David Johns Hopkins Univ School of Public Health  √ 

33.  Tech Darang DTech Communication LCC Yes √ 

34.  Tell  Ric Richard Tell Associates, Inc. Yes √ 

35.  Tong Zijun NEMA No √ 

36.  Visser Auke Royal Netherlands Navy No √ 

37.  Wessel Marvin Global RF Solutions Yes √ 

38.  Zhao Xun DND/QETE No √ 

39.  Ziskin Marvin Temple University  Yes √ 

40.  Zollman Peter PZC (Consultant) No √ 

41.       

42.       
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Approved Agenda 

IEEE/ICES TC95 Subcommittee 3 
Safety Levels with Respect to Human Exposure to Electromagnetic Fields, 0 - 3 kHz 

and 
IEEE/ICES TC95 Subcommittee 4 

Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 
3 kHz to 300 GHz 

0900 – 1530 h 
Wednesday, 22 January 2020 

Motorola Solutions, 8000 West Sunrise Blvd, Plantation, FL 33322 

1. Call to Order  Ziskin 

2. Introduction of those Present All 

3. Approval of Agenda Ziskin 

4. Approval of the Minutes (7 August 2019 Meeting) Ziskin 

5. Call for Patents* Ziskin 

6. Chairmen's Reports SC3/SC4 Co-chairs 

7. Report on Publication of C95.1-2020 Ziskin 

a) Update on the revision of C95.1-2005 and C95.6-2002 Chou 

b) ELF/RF Literature surveillance Elder 

c) Spatial Averaging for Localized Exposures    Cleveland/Tell 

d) Update on the revision of ICNIRP guidelines on HF fields Hirata 

e) Update on the WHO International EMF Project (EHC on RF fields) Chou 

f) Update on the draft C95.1 paper for IEEE Access Chou 

g) Update on letters to US government agencies Keshvari

8. Discussion on Future Changes for C95.1 Kavet 

9. Technical Presentations

a) Temperature elevation from High Fluence Pulses    Kuster 

b) Highlights of the GLORE 2019 Annual Meeting in Lima Chou 

c) My Visit with Dr. Sol Michaelson  Tell 

10. Presentation of Awards    Ziskin 

11. Other New Business Ziskin 

12. Date and Place of Next Meeting Ziskin 

13. Adjourn

*Participants have a duty to inform the IEEE of holders of essential patent claims if they or their
affiliations hold such claims. Check the web link on the agenda for more details. If anyone in this 



 
 
 

Attachment 2 

meeting is personally aware of any patent claims that are potentially essential to implementation of the 
proposed standard(s) under consideration by this group and that are not already the subject of an 
Accepted Letter of Assurance, please speak to the committee chair today.  

 The IEEE SA patent policy is explained at the following links: 
https://development.standards.ieee.org/myproject/Public/mytools/mob/slideset.pdf 
https://development.standards.ieee.org/myproject/Public/mytools/mob/slideset.ppt 

Thank you for your cooperation.  

 Co-Chairs, SC3 and SC4 
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Approved Meeting Minutes 

IEEE/ICES TC95 Subcommittee 3 
Safety Levels with Respect to Human Exposure to Electromagnetic Fields, 0 - 3 kHz 

and 
IEEE/ICES TC95 Subcommittee 4 

Safety Levels with Respect to Human Exposure to Radio Frequency Electromagnetic 
Fields, 3 kHz to 300 GHz 

0900 – 1530 h 

 Wednesday, 7 August 2019 

Flamingo Hotel, 2777 4th Street, Santa Rosa, CA 955405 

1. Call to Order

The meeting was called to order by Marv Ziskin at 0915 h

2. Introduction of those Present

Each of the attendees introduced her/himself.
(See Attachment 1 for list of attendees.)

3. Approval of Agenda

Dave Maxson proposed an agenda item on advertisement of the new standard.
The agenda was modified accordingly.
The agenda was approved
Following a motion by Bushberg that was seconded by Weller, the agenda was unanimously
approved as modified. (See Attachment 2.)

4. Approval of the Minutes (24 January 2019 Meeting)

The Minutes of the meeting held on 24 January 2019 in Plantation (FL) were discussed. There
were a couple of proposed changes:

• Add Peter Zollman to the attendees list, he was present by means of an online
connection.

• The e-mail addresses of Kuster and Neufeld were reversed
• The e-mail addresses need to be removed from the minutes, because of privacy aspects.

The minutes were modified accordingly and following the discussion, Jim Hatfield moved to 
approve the January 2019 SC3/SC4 minutes. The motion was seconded by Bob Curtis. The 
motion passed unanimously. (See Attachment 3). 

Attachment 3
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5. Discussion of Patent Concerns

SC4 Chairman Ziskin made a “call for patents” relating to the work performed by members of
SC3 and SC4 in making standards. The chairman asked the SCs if there were any such patents
assigned to SC members; there was none.

6. Chairmen's Reports SC3/SC4 Co-chairs 

SC4 Chairman Ziskin presented the report (see attachment 4). Major SC3/4 tasks were
reviewed, the most important of which is the ongoing revision and merging of C95.1-2005 and
C95.6-2002.
He noted the progress on the standard and the effort of the Editorial Working Group. Eight
teleconferences were being held and the chair mentioned a special thanks to C-K Chou for
leading the work on the revision, for Peter Zollman being the master scribe, Antonio Faraone
and Pat Roder for IEEE support.
Progress on the standard: Editorial errors were identified, errors in units/formulas etcetera are
considered technical errors and IEEE is because of that not able to publish the standard. So a
corrigendum was submitted. This speeds up the approval/ballot process.  An overview of the
progress on the standard was presented.
Ziskin announced that the GetProgram provides downloading certain C95.XX standards at no
cost through: https://ieeexplore.ieee.org/browse/standards/get-program/page/series?id=82

Ziskin announced that Pat Reilly, being a distinguished member of this subcommittee was
awarded the 2018 ‘d Arsonval Award of The Bioelectromagnetics Society at the BioEM 2019
in recognition of his outstanding achievements in Bioelectromagnetics Research.

7. Progress on the Revision of IEEE C95.1-2005 Ziskin 

a) Update on the Revision of IEEE C95.1-2005 and C95.6-2002 Chou
CK-Chou presented a detailed update on the revision of C95.1-2005 and C95.6-2002 
(See attachment 5) 
The final version of the C95.1-2019 will be presented by IEEE on 15/8, followed by a 
recommendation for approval by IEEE RevCom. After that a two weekly E-ballot will 
follow. The IEEE-SA Standards Board will take action on September 5th. 

b) Discussion of Future Changes for C95.1 Graf 
Graf presented a brief on future changes for the C95.1 document (see attachment 6).
Summary:

• IEEE C95.1 -2019 will be valid until 2029.
• Several topics have been identified for future changes or review
• Immediate priorities include: Immediate priorities include:

- Ensure consistency with Ensure consistency with Ensure consistency with 
other ICES standards as they are revised (e.g., C95.3 and C95.7) 

- Continue efforts to harmonize with ICNIRP 
- Amend low frequency limits  
- Establish plans for literature review 

His presentation was followed by a general discussion:  
Slide 9 (Part V) led to a discussion on the several options to simplify the standard. 
Zollman and Kavet both proposed a separation of the document in sections. For 
example, the first part being just normative with limits etcetera. And a second part with 
scientific substantiation. The general opinion of those present was that the document 
needs simplification for better understanding and readability. 
Slide 10 (Part VI) Literature Review; Escobar asked whether the reviewed literature is 
available, to be able to answer certain questions. Chou pointed out that this is not 
possible due to copyright issues. 

Attachment 3
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8. Update on the revision of ICNIRP guidelines on HF fields Hirata

Hirata presented an update on the revision of ICNIRP guidelines on exposure to HF fields. He
presented two topics.
a. Comparison of RF exposure reference levels between ICNIRP and IEEE. (Attachment 7)
b. Numerical uncertainty of Spatial Averaging in LF dosimetry. (Attachment 8)

9. Update on the WHO international EMF project (EHC on RF fields) Chou 

The update was presented by Chou, it included a report on the BioEM 2019 conference, which
was held in Montpellier (FRA). (See Attachment 9).
The program of the conference can be found on the BioEM website
(https://www.bioem2019.org/wp-
content/uploads/2019/06/BioEM2019_FinalProgram_20190617_V6.pdf ).
The 2020 meeting will be held from 21-26 June in Oxford, UK. 

10. Technical Presentations

a) Maximum Dose to Tissue (Factors to Consider) Kavet 
The topic he presented was: What fraction of a tissue requires what strength of E-field
to trigger an effect? With the objective to suggest a practical approach for establishing
an estimate of maximum dose for future versions of 95.1.
The presentation can be found in attachment 10 and was followed by a general
discussion. His conclusion and recommendation are as follows:

• With the transition from ellipsoid to anatomic modeling, the selection of
maximum dose can significantly affect the B-field ERLs in the next version of
95.1;

• Max/99th percentile ratios appear to be greater across distributed tissue (whole
body, skin, fat, peripheral nerve, spinal cord) compared to more localized sites
(brain, heart, retina);

• Does dose curve regression to the 99.9th percentile provide a realistic estimate of
maximum dose when extrapolated to the 100th percentile?

• If yes, then some multiple (x2) of the 99th percentile dose may provide a practical
maximum for determining the ERL;

• However, a single ERL(and DRL) doesn’t fit all.

b) Highlights of BioEM 2019 Chou 
This topic was already covered in agenda item 9

c) Elements of English style in IEEE standards. Zollman 
Peter Zollman presented a brief on English style in IEEE standards. The subtitle of his
brief was: “So you think you can write IEEE-American?” (See Attachment 11). His
presentation was followed by a discussion.
His suggestions on how to write standards are:

• Every now and then read through the IEEE style manual:
- Get to know what topics are covered 
- When writing/reviewing, if you are not sure which way to express 

something, refer to the manual. 
• Be clear on what is normative/informative

- Focuses drafting 
- Resolves way to express an idea / requirement 

Attachment 3
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• Aim to draft contributions in compliance with IEEE style
- Don’t “leave it for the IEEE editor” or “review process”. 
- If stuff is left until final review, it may be missed or may be “corrected” in 

a way the author is unhappy with. 
• Extensive review when developing the “meat” of the standard is FAR easier than

coping with the “approval sausage”! 

d) Words to live by. Tell
Rick Tell introduced his view on some of the terms used in the IEEE C95.1 standard, a
topic for discussion, a word to live by.  (See Attachment 12). He presented his
perspective based on over a half-century of work on RF fields and being involved with
the IEEE standards process on the use of terms like hazard, adverse health effect, danger
and dangerous. After the presentation his conclusions are as follows:

• Words have effects, maybe, even established adverse effects.
• Pay very careful attention to every word in our standards and be sure they are

what we really mean.
• Choose your words carefully when communicating the concept of RF hazards to

people who have no idea what you are talking about.

11. Other New Business Ziskin 

 Dave Maxson raised the question how to promote the C95.1 and offered some
considerations:

• By means of a press release through IEEE.
• Is there a budget for promotional purposes?
• The process of getting the free standard is probably too difficult.

His topic was discussed and several options for publication were offered. 

 Ric Tell took the opportunity to express his great gratitude of him being able to work with
some distinct group members in Subcommittee 3&4. He awarded C-K Chou, Marv Ziskin
and Peter Zollman with a personalized hand-crafted wooden shield.

 There was no further discussion and no action item.

12. Date and Place of Next Meeting Ziskin 

Wednesday January 22st 2020 in Plantation, FL. 

13. Adjourn Ziskin 

There being no further business, the meeting was adjourned at 1445 h.

Attachment 3



Call for Patents

Participants have a duty to inform the IEEE of holders of essential patent claims 

if they or their affiliations hold such claims. 

The IEEE SA patent policy is explained at the following links:

https://development.standards.ieee.org/myproject/Public/mytools/mob/slideset.pdf

https://development.standards.ieee.org/myproject/Public/mytools/mob/slideset.ppt

If anyone in this meeting is personally aware of any patent claims that are potentially essential 

to implementation of the proposed standard(s) under consideration by this group and that are not

already the subject of an Accepted Letter of Assurance, please speak to the committee chair today.

Attachment 4



Chairman’s Disclosure

My memory’s not as sharp as it 

used to be.  Also, my memory’s not 

as sharp as it used to be.
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Chairman’s Report

SC – 3 & 4

January 22, 2020

Plantation, Florida

Attachment 5



SC – 3:     Safety Levels  0 Hz to  3 KHz

Co-Chairs: Rob Kavet

Alex Legros

SC - 4:      Safety Levels  3 KHz to 300 GHz

Co-Chairs: Art Thansandote

Marv Ziskin

Secretary:   Auke Visser
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Announcement

Kevin Graf

is now employed at FCC
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Kevin Graf

As many of you know, I recently started 
working at the FCC, and government policy 
requires that I avoid potential conflicts with FCC 
rule making. Unfortunately, I will need to step 
down as co-chair of TC95-SC3, and I also will be 
unable to lead document revisions. I will mostly 
be limited to a passive role in ICES moving 
forward.
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Kevin Graf

My new business email address:

kevin.graf@fcc.gov

Attachment 5



Major Task of SC – 3/4

Development of  

C95.1-2019   Safety Standard 

(0 Hz – 300 GHz) 
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Progress on Standard

Submission of C95.1-2019 to IEEE RevCom - Sep 21, 2018

IEEE Approval - Dec  4, 2018

Discovery of Minor Editorial and Technical Errors

Approval for Creation of Corrigendum - Mar 20, 2019

Start Formation of Ballot Group - May 21, 2019
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Progress on Standard

Initiate Vote on Corrigenda - Jun 19

Recirculation Vote on Corrigendum - Jul 25

Submission of Corrrigenda to IEEE RevCom - Jul 26

IEEE Approval of Corrigenda - Sep  5

Insertion of all corrections in C95.1-2019 - Sep 27

IEEE approval of Corrected C95.1-2019 - Oct 3

Publication of C95.1-2019 - Oct 4

Availability of C95.1-2019 on web site - Oct 5

Attachment 5



Progress on Standards
Editorial Working Group  (EWG)

• Bill Bailey

• Ralf Bodemann

• Bob Cleveland

• C-K Chou

• Antonio Faraone

• Ken Foster

• Ken Gettman

• Kevin Graf

• Aki Hirata

• Rob Kavet

• Alex Legros

• David Maxson

• John Opsepchuk

• B Jon Klauenberg

• Ron Petersen

• Pat Reilly

• Ric Tell

• Art Thansandote

• Marv Ziskin

• Peter Zollman
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Progress on Standards
Editorial Working Group  (EWG)

Many Teleconferences

Special Thanks to Antonio Faraone
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Progress on Standards

Invaluable Help from IEEE Staff

Thanks to Patricia Roder

Attachment 5



ICES Data Base 
and Literature Review 

Data Base   & Literature Surveillance 
Joe Elder

Literature Review 

Antonio Faraone, Chair
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Progress on Standards

All C95.XX Standards are now available free of 
charge.

https://ieeexplore.ieee.org/document/8859679

Thanks to 

US Air Force, 

US Army

US Navy
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Following Approval of C95.1-2019

Announcement to Major Regulatory Bodies

Announcement to International Web Sites

Publication of Synopsis in IEEE Access

Attachment 5



Attachment 5
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Special Thanks to The Authors:

Progress on Synopsis

William Bailey

Ralf Bodemann

Jerrold Bushberg

C-K Chou

Robert Cleveland

Antonio Faraone

Ken Foster

Ken Gettman

Kevin Graf

Tim Harrington

Aki Hirata

Rob Kavet

Jafar Keshvari

B Jon Klauenberg

Alexandre Legros

David Maxson

John Osepchuk

Pat Reilly

Ric Tell

Art Thansdandote

Kenichi Yamazaki

Marv Ziskin

Peter Zollman

Attachment 5



Special Thanks to two individuals:

C-K Chou
Lead the work on the Synopsis

Ric Tell
Wrote the initial Draft

Progress on Synopsis

Attachment 5



Dec 6, 2019  Email Alert from Matt Butcher 

For those FCC exposure limit followers here is the 
long-awaited release of:

Resolution of Notice of Inquiry, 

Second Report and Order, 

Notice of Proposed Rule Making, and 
Memorandum Opinion and Order.
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FCC Proposed Rule Making

Generation of Letter from ICES to FCC

Initial Draft Produced by:

C-K Chou

Ric Tell

Rob Kavet

Ken Foster

Marv Ziskin

Will Need:

Further input from ICES members

ICES Consensus Approval

IEEE Legal Approval
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Friendly Reminder 
as we enter a New Decade

When writing the date in 2020, write the date in its entirety. 
It could possibly protect  you and prevent legal issues on 
paperwork.

Example:  If you just write 1/22/20, one could easily change 

it to 1/22/2017 and now your signature is on an incorrect 
document.
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Distinguished Service Award 
from Health Physics Society

Awarded to 

Ric Tell
For 

Accomplishments of fundamental 
importance to the practice, 

acceptance, and advancement of 
Non-Ionizing Radiation Protection
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2019 Distinguished Service Award 
from Health Physics Society

Awarded to 

Ric Tell

By

Dr. Jerrold Bushberg, 

President of the Non-Ionizing 
Radiation Section of Health Physics 

Society

July 9, 2019
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The Chou Family at

The Marriage of Angela and Brian
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Major Tasks of SC – 3/4

C95.1-2019   Safety Standard  (0 Hz – 300 GHz) 

C95.1-2019  Corrigendum to Correct all Errors 

C95.1-2019  Publication – Published Version

Synopsis of C95.1-2019

Revision of Synopsis 

Synopsis Published

Letter to FCC re New Regulations 
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Comments of 

The International Committee on Electromagnetic Safety of the IEEE

I. Introduction 

Through these comments, the IEEE International Committee on Electromagnetic Safety responds to the 

Federal Communication Commission’s (Commission or FCC) Resolution of Notice of Inquiry, Second Report and 

Order, Notice of Proposed Rulemaking, and Memorandum Opinion and Order (footnote) etc. . . . . . . . . . . . . . .

Before the 

Federal Communications Commission 

Washington, D.C. 20554 

In the Matter of 

Proposed Changes in the Commission’s Rules 

Regarding Human Exposure to Radiofrequency 

Electromagnetic Fields 

Reassessment of Federal Communications 

Commission Radiofrequency Exposure Limits and 

Policies 

Targeted Changes to the Commission’s Rules 

Regarding Human Exposure to Radiofrequency 

Electromagnetic Fields 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

ET Docket No. 03-137 

(Terminated) 

ET Docket No. 13-84 

(Terminated) 

ET Docket No. 19-226 

RESOLUTION OF NOTICE OF INQUIRY, 

SECOND REPORT AND ORDER, 

NOTICE OF PROPOSED RULEMAKING, 

AND 

MEMORANDUM OPINION AND ORDER 
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SC3/4 Meeting

Plantation, Florida

January 22, 2020

IEEE DATABASE @ ieee-emf.com 
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Purpose of IEEE Database

The primary purpose of the IEEE (Institute of Electrical and Electronics 

Engineers) database (ieee-emf.com) is to provide a comprehensive 

database of the world’s English language literature on radiofrequency (RF) 

energy to support the review and revision, if needed, of RF exposure 

standards published by IEEE. The goal is to identify all peer-reviewed 

research papers and other relevant reports such as peer-reviewed review 

articles and letters to journal editors.  Many of the research papers have a 

link to abstracts in PubMed.

The database can be searched by a number of ways (author, study type, 

key word, year, frequency range, etc.). The core of the database is 

available without charge to the public; however, members of IEEE ICES 

(International Committee on Electromagnetic Safety) who are writing 

reviews of specific research areas have access to a password-protected 

area to support their work.
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As of January 21, 2020, IEEE Database had

• 7344 citations

• 6736 papers (PDF files)

• 91.7% of citations have PDF file (full paper)

In the last 2 years 

• 535 papers were added

• 542 PDF files were added
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Recent Contributors of PDF Files for IEEE Database

Marvin Ziskin

Mario Cvetkovic

CK Chou

Antonio Faraone

Goga Bit-Babik

Vijayalaxmi

Ken Foster

Ric Tell
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Four Recent Epidemiology Papers 

on

RF Exposure and Cancer

Joe A. Elder

ICES SC3/4

Plantation, Florida

January 22, 2020 
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Philips A, Henshaw DL, Lamburn G, O’Carroll MF (2018a). 

Brain Tumours: Rise in Glioblastoma Multiforme Incidence in 
England 1995–2015 Suggests an Adverse Environmental or Lifestyle 
Actor.  Journal of Environmental and Public Health. 
Article ID 7910754 (10 pages).

- We report a sustained and highly statistically significant ASR (age-
standardized incidence rate) rise in glioblastoma multiforme (GBM) 
across all ages. 

- The ASR for GBM more than doubled from 2.4 to 5.0, with annual 
case numbers rising from 983 to 2531.

- Overall, this rise is mostly hidden in the overall data by a reduced 
incidence of lower-grade tumours.
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(Philips et al. 2018a, Figure 2)
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Philips A, Henshaw DL, Lamburn G, O’Carroll MJ (2018b)

Authors’ Comment on (Brain Tumours: Rise in Glioblastoma Multiforme 

Incidence in England 1995–2015 Suggests an Adverse Environmental or 

Lifestyle Factor). Journal of Environmental and Public Health, 

Article ID 2170208 (3 pages)

- When the US age-group data from US2000 was backadjusted to the actual 

US population data for 2008 and 2012, the readjusted US data shows an 

increase in GBM similar to our findings. 

- Our article does not focus on any particular risk factor (e.g., air pollution, 

radon, mobile phones) to explain the rising incidence of aggressive GBM 

tumours, which are usually quickly fatal.
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Davis FG, Smith TR, Gittleman HR, Ostrom QT, 
Kruchko C, Barnholtz-Sloan JS (2019). 

Glioblastoma incidence rate trends in Canada and 
the United States compared with England, 1995–

2015. Neuro-Oncology (Published 30 November 2019).

- Letter to the Editor commenting on the reported rise in 

glioblastoma (GB) age-standardized incidence rates across all 

ages reported by Philips et al. (2018). 
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- To provide comparable incidence rates we show data 

from England complemented by new estimates from 

Canada and the United States, using data from the 

Canadian Cancer Registry and the Central Brain Tumor 

Registry of the United States, respectively. 

- These new incidence rates were calculated for the same 

time period (1995–2015) and standardized to the same 

referent population as used in estimating the England 

rates.  

(Davis et al. 2019) 
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Davis et al. 2019, Figure 1.
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Mialon HM, Nesson ET (2019).

Mobile Phones and the Risk of Brain Cancer Mortality: A Twenty-Five Year Cross-

Country Analysis. Contemporary Economic Policy.

- We investigate the relationship between cell phones and brain cancer using brain 

cancer death rates for 86 countries between 1990 and 2014 from the World Health 

Organization and country level mobile phone subscription rates from the World Bank. 

- Our study is the first to analyze the potential link between brain cancer and mobile 

phone use on the aggregate, across multiple countries, and over a period spanning 

more than 20 years. 

- For cell phone subscriptions [from World Bank], we choose lags at five-year 

intervals between five and 25 years.  Thus, for a 15-year lag, mortality rates in 2014 

are linked with cell phone subscriptions from 1999. 

Attachment 8



(Mialon and Nesson 2019)
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- We find that MP subscription rates are positively and statistically 

significantly associated with death rates from brain cancer 15-20 years later 

(but not at 5, 10 and 25-years). 

- One more mobile phone subscription per 100 people is associated with 

0.02 more brain cancer deaths per 100,000 people 15 years later. 

- We further test our model by examining the association between lagged 

mobile phone subscriptions per 100 people and mortality from other 

common forms of cancer and ischemic heart disease. We find few positive 

associations between mobile phone subscription rates and deaths from 

rectal, pancreatic, stomach, breast or lung cancer or ischemic heart disease.

(Mialon and Nesson 2019)
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Some caveats to our analysis are warranted.

- First, we cannot make an unambiguous claim of causality 

based on our results. 

- Second, our measure of mobile phone use, mobile phone 

subscriptions per 100 people, may not be perfectly 

accurate. Subscription rates do not correspond directly to 

rates of actual mobile phone users in the population. 

(Mialon and Nesson 2019)
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Question:

In the C95.1 Standard could there be 

confusion over the meaning of “local,” 

“localized,” and/or partial body exposure?
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From IEEE C95.1-2019  Section 3.1 Definitions:

local exposure: An exposure condition in which a limited 

portion of the body is subject to most of the incident energy 

and is usually the result of: 1) the source being located very 

close to the body, or 2) a highly concentrated region of 

energy associated with contact with an energized conductor 
exposed to environmental fields.

“partial-body exposure:  See: local exposure”
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Whole-body exposure is defined as a situation in which the 
entire body is exposed to electric, magnetic, or electromagnetic 
fields. This is the typical case for most environmental exposures. 
For “local exposure,” (emphasis added) the area for 
assessment should be the approximate projected area of 
exposure on the body due to the source(s).  However, this type 
of exposure assessment might not be appropriate when the 
transmitting source is in close proximity to the body, for example, 
exposure due to hand-held portable and mobile devices (see 
IEEE Std 1528™-2013 [B664], IEC 62209-1 [B654], and IEC 
62209-2 [B655] for body-mounted devices).

From IEEE C95.1-2019    Section D.1
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For frequencies from 100 kHz to 6 GHz, the rms values of the squares of the 

electric field strength (E) or the magnetic field strength (H) or, for 

frequencies exceeding 300 MHz, the plane-wave-equivalent power density

should be averaged over an area equivalent to the projected cross section of 

the human body for whole-body exposure or the projected area of exposure 

on the body for local exposure (emphasis added).  For these frequencies, a 

vertical scan of the fields over an appropriate distance (e.g., 1.8 m for a 

standing adult for whole-body exposure or the vertical dimension of the 

projected area of exposure, as noted, is normally appropriate and should be

sufficient for determining compliance with the ERLs). Alternatively, other 

methods, for convenience in assessing exposure, may be acceptable 

including a measure of the spatial maximum value that is always equal

to or greater than the spatial average and, thus, conservative for determining 

compliance with the ERLs.
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Spatial Averaging 

Working Group

Jim Hatfield 

Bob Curtis

Bob Cleveland 

Greg Lotz

Jules Cohen

Stuart Allen

Niels Kuster

Bill Guy

Om Gandhi

Ric Tell

Ken Foster

Marv Ziskin

Carl Sutton

Q Balzano

Ellie Adair

Issues:

1.  Spatial averaging of exposure fields

2.  Tissue averaging mass (1 g, 10 g, etc.)

November 1998, San Antonio TX R Tell (1-22-2020)
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Some Issues Confronting 

the Spatial Averaging WG

• Appropriate rationale for selecting the tissue volume/mass over 

which SAR is to be averaged within the body and extremities;  

• Effects of frequency, etc. on rationale;

• Criteria for distinguishing non-uniform exposure from partial body 

exposure;  (blurred in the present standard)

• An acceptable, repeatable and easily field implemented approach 

for measuring RF exposure of individuals in the real world;

• Implications for spatial averaging for short people, like small 

children, in conducting field assessments;

November 1998, San Antonio TX R Tell (1-22-2020)
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R Tell (1-22-2020)

When does non-uniform exposure 

become a ‘local’ exposure issue?

Obviously, when the local exposure 

exceeds the local ERL.

Although there is no averaging area 

defined for assessing compliance 

with the local ERL from 0.1 MHz to 6 

GHz, the local DRL is based on SAR in 

any 10 g of tissue (shape of a cube). Findlay & 

Dimbylow (2008)

600 MHz exposure 

from above with 

ground reflections
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R Tell (1-22-2020)

Some history:

In the beginning, there was:

▪ Partial body irradiation: when “part of the body” is 

exposed to incident electromagnetic energy (1966-2005)

▪ Localized exposure: exposure of a “portion of the body” 

(2005) (limit on local SAR)

▪ Localized exposure: “only a limited portion of the body 

is subject to most of the incident energy” (2014)

▪ Local exposure: “a limited portion of the body is

subject…” and “spatial peak” (2019) [INCIRP uses the 

same terminology of spatial peak]
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Spatial Averaging Issues of Relevance to 

Environmental RF Compliance 

Measurements

Spatial peak only (no specified area)

4 cm2 averaging 

area

R Tell (1-21-

2020)
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Spatial Averaging Issues of Relevance to 

Environmental RF Compliance 

Measurements

Millimeter Wave Antennas atop a Light Pole

R Tell (1-22-2020)

3 dB beamwidth

Side lobes <1%
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R Tell (1-22-2020)

What does a narrow beam mean for exposure?Attachment 1



Spatial Averaging Issues of Relevance to 

Environmental RF Compliance 

Measurements

What, if anything, needs to be done on 

spatial averaging to improve C95.1-2019 in 

the next revision?

R Tell (1-22-2020)

▪ Should appropriateness of spatial averaging of 

incident fields relative to whole-body SAR be further 

evaluated?

▪ Does the ‘discontinuity’ in averaging area at 6 GHz

result in any detriment relative to preventing an 

exposure hazard?

▪ Is specifying only a spatial peak value of local field 

along with a WBA value below 6 GHz sufficient for 

safety?
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SC3 Update: Near-Term Priorities

Rob Kavet, SC3 Co-Chair
January 22, 2020
Plantation, FL

5 MHz 110 MHz
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Priority Issues for SC3

• Identify criteria for identifying relevant CNS effects, 
exclusive of magnetophosphenes.

• Incorporate anatomical modeling into determining effect 

thresholds and ERLs;

‒CNS/Small neurons;

‒Peripheral nerve;

‒Heart.

• Revise contact current ERLs (0-110 MHz)

‒Frequency range for electrostimulation-based limits 
(now <5 MHz);

‒Harmonize contact current with electric field ERLs.

• Revisit statistically-based safety factors.

• Harmonize with ICNIRP?
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More specifically…(1)

• CNS effects

‒Transition away from magnetophsphenes

‒Transition to transcranial magnetic/electric stimulation;

‒Goal:  Dose- and Frequency-Response characteristics 
(not trivial);

‒ Initial formulation of working group.

• Anatomical dose modeling

‒Ellipsoid

• Not uniformly representative of tissue sites

• Single value per locus, as opposed to percentile 
distributions

‒Key data published: CNS, peripheral nerve
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More specifically…(2)

• Contact current ERLs

‒The contact/induced current ERLs in Tables 12-14 
address exposures to currents that arise mainly from 
ambient electric fields;

‒Thus, the contact/induced current ERLs must be 
harmonized with the electric field ERLs & RF DRLs in 
ankle;

‒Presently, this is not the case;

‒R. Kavet/R. Tell in process of formulating 
recommendations for contact currents from 0-110 MHz
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More specifically…(3)

• Safety factors:  Are they over/under-conservative?

‒Large sample response data in human subjects?

• Peripheral Nerve Stimulation (PNS) – Yes

• CNS – No

• Magnetophosphenes – Yes

‒ If yes, dosimetric uncertainty can be constrained, and 
protective safety factors can be established;

‒ If no, need for conservative approach.

• Harmonize with ICNIRP?  RK says Not Now

‒2010 ICNIRP reference levels (RLs) <400 MHz still based 
on magnetophosphenes;

‒PNS RLs (400 Hz-100 kHz) inappropriately conservative 
(RLs do not map to Basic Restrictions).
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Net Result of ICNIRP Approach…

Uncoupling Reference Levels from Basic 

Restrictions with an extra reduction factor 
is analogous to driving 25 mph in a 65 

mph zone; safety is not improved.
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Format of ICES Standard 95.1 Content

• Is the information accessible to the interested reader with 
limited time, despite no charge for the document?

• Condense for peer-reviewed literature?

‒Present DRLs and ERLs separately (1 or 2 papers)

• B-fields

• E-fields & contact currents

‒Combine normative with informative in proximity to each 
other.
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Finally…(1)

Thank You, Kevin!!!
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Finally…(2)

New SC3 Dynamic Duo
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Thank you!!
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2019 GLORE Meeting 

Lima, Peru

November 4-6, 2019
Summarized by C-K. Chou
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What is GLORE?

 GLORE (Global Coordination of Research and Health Policy on RF

Electromagnetic Fields) is a coordination action initiated by Japan

and Korea in 1997 and joined by Europe and then by USA, Australia

and Canada. Each year scientists and policy authorities from GLORE

delegations take part in this meeting.

 The 23rd GLORE 2019 meeting, held on 4th - 5th of November in

Lima, Peru, was hosted by the Faculty of Electronic and Electrical

Engineering of the Universidad Nacional Mayor de San Marcos, and

the Centre of Excellence for Technological, Biomedical and

Environmental Research.

 Next meeting will be held in Ottawa, Canada on November 9-10,

2020.
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28 presentations

Day 2 files are 

Accessible via

password 

Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



Attachment 12



5G Device Exposure Assessment
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ICES Meeting 20200122 - Based on the BioEM2019 Presentation

Temperature Evaluation from High 
Fluence Pulses

Consistency of EM Exposure Safety 
Frameworks for Localised and Pulsed 
Exposure >6GHz

Niels Kuster 
with  contributions of Esra Neufeld, Theodore 
Samaras, Andreas Christ , Q Balzano, and many 
more
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Overview
introduction 
spatial averaging 
temporal averaging 
responses to criticisms  
conclusions 

2ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Background

3ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Background
current and proposed mmWave standards (e.g, IEEE, ICNIRP) 
before yesterday 
should be valid for continuous & pulsed, near- & far-field EM fields  
defined in terms of incident or transmitted power density 
shall account temporal & spatial averaging for heating dynamics 
& diffusion 
additional standard-specific constraints on energy density 
(fluence) for pulses 
new: transparency (1K temperature increase) 
investigate whether limits are consistent with stated goal 
particular focus on localized and/or pulsed exposure 
particular concern is the shallow penetration depth (leads to high 
energy deposition and rapid heating)

4ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Presentation Based On the Following Publications
Neufeld E, Kuster N. 2018a. Systematic derivation of safety limits for time varying 5G radiofrequency 
exposure based on analytical models and thermal dose. Health Phys 115(6):705-711.  
Neufeld E, Carrasco E, Murbach M, Balzano Q, Christ A, Kuster N. 2018b. Theoretical and Numerical 
Assessment of Maximally Allowable Power-Density Averaging Area for Conservative Electromagnetic 
Exposure Assessment Above 6 GHz. Bioelectromagnetics 39(8):617-630.  
Samaras T, Kuster N. 2019. Theoretical evaluation of the power transmitted to the body as a function of 
angle of incidence and polarization at frequencies >6 GHz and its relevance for standardization. 
Bioelectromagnetics 40(2):136-139. 
Neufeld E.,Samaras T,  Kuster N, Discussion on Spatial and T|me Averaging Restrictions Within the 
Electromagnetic Exposure Safety Framework in the Frequency Range Above 6 GHz for Pulsed and 
Localized Exposures, Bioelectromagnetics. 
Christ A, Samaras T, Neufeld E, Kuster, RF-Iinduced Temperature Increase in a Stratified Model of the Skin 
for Plane-Wave Exposure at 6–100 GHz, Radiation Protection Dosimetry (2020), pp. 1–11  
Christ A, Samaras T, Neufeld E, Kuster, Limitations of Incident Power Density as a Proxy for Induced 
Electromagnetic Fields, revised

5ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Incident and Transmitted PD in the Near- and Far-Field
comparison of the averaged power density in the near- and the far-field of canonical 
antennas: dipole, loop, slot, patch, helix  
evaluation of the averaded PD by integrating the Poynting vector according to three 
different expressions:

6ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Skin Model for Evaluation of the Absorption

different thickness ranges for stratum corneum (SC): 
- thick SC for the palms and the soles of the feet (depends on individual activities of exposed subject) 
- thin SC everywhere else 

dielectric and thermal properties according to IT’IS database, adiabatic and mixed 
boundary conditions (h = 7W/m2/ºC)

7ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Skin & Transmission Modeling

8ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Transmission 

9ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Temperature for 10 W/m2
non-perfused epidermis modeled as stratum corneum (SC) and viable epidermis  
maximum temperature increase 4 times higher than in homogeneous tissue 
adiabatic vs mixed boundary conditions: ~0.5ºC (and h = 7 vs 10 W/m2/ºC)

10ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Near-Field vs Far-Field Coupling

11ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Summary – Incident and Transmitted PD 
increased coupling in the near-field, which has already been described by Kuster 
and Balzano [1992], can lead to an underestimation of the averaged transmitted 
power density by more than 6dB at distances < λ/2 if the real part of the Poynting 
vector that is perpendicular to the phantom applied to calculate the averaged power 
density as the exposure metric. 
calculating the averaged power density using the modulus of the Poynting vector 
yields a better proxy for the transmitted power in the near-field i.e., for distances       
< λ/(2π).

12ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Surface Averaging
Neufeld E, Carrasco E, Murbach M, Balzano Q, Christ A, Kuster N. 2018b. Theoretical and Numerical Assessment of Maximally 
Allowable Power-Density Averaging Area for Conservative Electromagnetic Exposure Assessment Above 6 GHz. 
Bioelectromagnetics 39(8):617-630. 

13ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Analytical Approach
assumptions 
- surface deposition of energy (more on that later) 
- worst-case layered dielectric skin model (frequency-dependent) from [Christ et al., 2018] 
- thermally homogeneous skin describable by Bioheat equation (effective perfusion extracted from pw) 
- Gaussian incident power density distribution 

analytical derivation based on Green’s function of maximal averaging area to keep 
temperature increase below threshold (here TL=1K) 

transfer coefficient (FT) estimated by analytically computing (solving linear system) 
plane-wave reflection coefficient for dielectric stack layer 
model for frequency, distance, and antenna array aperture dependent beam radius (w)

14ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Peak Temperature Increase
beam radius dependent 
temperature increase at power 
density limit 
- sharp beam width: increase strongly 

depends on aver. area 
- wide beams: increase dominated by 

thermal & perfusion prop. 
- increase can reach minimum in 

between 

maximal averaging area 
ascertaining heating below given 
limit (here 1K) can be derived

15ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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much larger than the plane-wave temperature increase. In the intermediate range, the

temperature increase can go through a minimum, where the di↵usion cooling e↵ect

dominates over the e↵ect of higher peak power density.
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Figure 6. Peak temperature increase as a function of beam width w at an averaged
power density limit of 10W/m2 for five di↵erent averaging areas and three di↵erent
e↵ective perfusion values (FT = 1).

The maximally allowed averaging area to ensure a temperature increase below 1K

as a function of beam width is shown for di↵erent perfusion values and frequencies

(a↵ects temperature via the transfer factor) in Fig. 7. The perfusion has a relatively

low impact for w < 2mm. For very low perfusion, the maximal averaging area decreases

again with increasing w, until no acceptable averaging area exists, as the plane-wave

temperature increase already exceeds the 1K threshold.

Figure 7. Maximal averaging area as a function of beam width that ascertains a
temperature increase below 1K at an averaged power density limit of 10W/m2.

3.3. Averaging Area Based on Beam Width Consideration

Fig. 8 shows (for a = 5 cm) the maximal averaging area to limit temperature increase to

below 1K as a function of frequency and distance, obtained by putting Eq. 5 together
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The maximally allowed averaging area to ensure a temperature increase below 1K

as a function of beam width is shown for di↵erent perfusion values and frequencies

(a↵ects temperature via the transfer factor) in Fig. 7. The perfusion has a relatively

low impact for w < 2mm. For very low perfusion, the maximal averaging area decreases

again with increasing w, until no acceptable averaging area exists, as the plane-wave

temperature increase already exceeds the 1K threshold.

Figure 7. Maximal averaging area as a function of beam width that ascertains a
temperature increase below 1K at an averaged power density limit of 10W/m2.

3.3. Averaging Area Based on Beam Width Consideration

Fig. 8 shows (for a = 5 cm) the maximal averaging area to limit temperature increase to

below 1K as a function of frequency and distance, obtained by putting Eq. 5 together
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Realistic Beam Width (IEC Validation Antennas)

16ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Beam Width Model
near-field 
- conservative fit of distance-dependence of wavelength normalised-beam width as a function of 

wavelength-normalised distance 
- extracted from λ/2 and λ/4 dipole and slot antenna simulations 

far-field 
- analytically derived for Gaussian beam 
- beam width fixed to antenna aperture in antenna plane, minimised at given distance (proportional to 

Airy disk radius) 

constant in transition domain

17ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Figure 1. Log-log plot of w/� as a function of d/�, along with the fit w/� =
0.585 · (d/�)0.904 and the conservative approximation w/� = 0.45 · (d/�)0.904. The
curves have been overlaid with w values (dots) determined from simulations of a wide
range of validation antennas (s. Section 2.4).

r
w

2
G,0 +

⇣
�(d�df )
4⇡wG,0

⌘2

(Svelto 1998) for the beam width wG (wG,0: beam width at the

focus, df : focus distance). By imposing wG(0) = a (a: antenna aperture radius),

one obtains a relationship df (wG,0) =
4⇡
p

a2w2
G,0�w

4
G,0

�
. Inserting that relationship and

subsequently minimizing wG(d) as a function of the parameter wG,0 yields a minimum

at wG,0 = a�dp
d2�2+16a4⇡2 , where wG,min(d) = d�

4a⇡ (in wavelength normalized terms:

wG,min/� = (d/�)
4(a/�)⇡ ). Notice the similarity up to a proportionality constant with

the central beam width wAiry = 1.35�d
2⇡a of the Airy disk pattern of a homogeneously

radiating circular light disk, where the radial intensity in the far-field is proportional

to J1(2⇡
a·R
�·d )/(2⇡

a·R
�·d ) ((Balanis 2005); J1: Bessel function; d � a � �). The

proportionality factor 2.7 is a consequence of the finite extent of the source in the case

of the Airy pattern (the Gaussian beam extends infinitely, but with rapidly decaying

intensity) and of the wG,min(d) minimization.

Synthesis for frequency and distance dependent wWC(f, d) : From this, a conservative

frequency and distance dependent wWC(f, d) is derived:

• Near the antenna (d <
3
4�): wNF(d) = � · 0.45 · (d/�)0.904

• In the far field (d > deq, where deq = wNF(
3
4�) · (4a⇡/�) ⇡ 4.4 · a is the distance at

which the far-field wG,min becomes larger than wNF(
3
4�)): wFF(d) =

d�

4a⇡

• In between: wMF = wNF(
3
4�) = � · 0.35.

Maximal Power-Density Averaging Area for 5G Exposure Safety 8

The rationale for using wMF in between, rather than decreasing wWC to the more focused

wNF for d >
3
4�, is that antenna arrays for 5G applications are not operated with the

goal of achieving an extreme focus close to the antenna, but rather of obtaining beam

forming at a distance.

Fig. 2 shows an illustration of the distance dependent w for di↵erent aperture

values. For standardization purposes, it will be assumed that the closest antenna-to-

skin-proximity is 2mm. For the 5G-relevant frequencies, the worst-case at this distance

is achieved by a single antenna and wNF applies. Fig. 3 shows the frequency dependence

of wWC at d = 2mm.

Figure 2. Wavelength normalized wWC as a function of d/� for a = �/2, �, and 2�.

Figure 3. Model prediction of the frequency dependence of the worst-case beam width
(wWC) at a distance of 2mm from the source. The e↵ectively obtained w from the
validating antenna simulations are overlaid (dots).

2.4. Numerical Validation Antenna Models

To validate the theoretically derived maximum averaging areas, a series of simulations

have been performed with the finite-di↵erences time-domain (FDTD) EM solver and
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Validation - I: Beam Model

     worst-case beam width at 2mm                 distance dependence for single/array

18ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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(a) single antenna (b) antenna array

(c) single antenna, zoom (d) antenna array, zoom

Figure 11. Beam width normalized to wavelength (w/�) as a function of the
wavelength-normalized distance from the source (d/�). The data derived from
simulations of three di↵erent antenna types (left) and five di↵erent antenna arrays
(right) at four frequencies ranging from 10–100GHz is shown. The bottom row
presents a zoomed view. The data from the simulations is complemented by the model
relationships wNF and wWC (a = �).

penetration depth is also consistent with the increased e↵ective perfusion observed in the

plane-wave limit. The limitation will be more pronounced at frequencies below 10GHz.

5.2. Standardization

The presented results have important consequences for safety standards, as they

demonstrate a need for reduced and potentially frequency dependent averaging areas.

The maximal area at a source distance of 2mm ranges from below 2 cm2 at 100GHz

to 3 cm2 and above below 10GHz. These conditions could be relaxed, should an

increase beyond 1K be deemed acceptable. They could also be relaxed for bigger source

distances.

5.3. Further Investigations

The current investigation assumes exposure to stationary exposure. However, the

standards allow for pulsed exposure and foresee time-averaged limits. The presented

investigation can be readily extended to transient exposures by employing 4D rather
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Validation - II: Peak Temperature Prediction
analytical model tested against coupled EM-thermal simulations  
deviations below 20%, except for low frequencies (10GHz) 
analytical model is well capable of predicting temperature increase above 10GHz

19ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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(a) 10GHz (b) 30GHz

(c) 60GHz (d) 100GHz

Figure 9. Deviation between simulated and predicted temperature increase for three
di↵erent antenna types at four frequencies.

at an exposure distance of 2mm, as shown in Fig. 3.

5. Discussion

5.1. Assumptions

The presented model is based on a range of assumptions and simplifications:

(i) The incident power density distribution can be approximated as Gaussian: The

acceptability of this important simplification is supported by the quality of the

agreement between predicted and simulated temperature increase. However, this

assumption is not valid anymore in the close proximity of arrays at the lower end of

the frequency range, as the individual antenna elements become thermally distinct.

(ii) The previous assumption is also related to the simplification of assuming a planar

interface. This assumption is acceptable for close sources, if the curvature radius is

much larger than the wave-length, but with increasing distance and exposed area,

the anatomical shape becomes more relevant.

(iii) The transmission factor can be obtained from a plane wave under normal incidence:

This will certainly not hold true in the extreme near-field, where the antenna

performance is a↵ected by the presence of the load and the energy deposition is

Maximal Power-Density Averaging Area for 5G Exposure Safety 17

(a) 10GHz (b) 30GHz

(c) 60GHz (d) 100GHz

Figure 10. Deviation between simulated and predicted temperature increase for five
di↵erent antenna arrays at four frequencies.

a result of the complex interaction between the antenna and the exposed tissue.

Nevertheless, the quality of the temperature increase predictions supports that

assumption and, furthermore, the transmission factor variation only ranges from

about 70� 100%.

(iv) The power deposition can be approximated as a surface heat source: This

assumption is well satisfied at all simulated frequencies, except for the 10GHz

one. The observed deviations of the temperature increase predictions at 10GHz

are believed to be partly due to the increased penetration depth (see discussion

below).

(v) The skin can be approximated as layered stack of dielectric tissues: A detailed

discussion of these assumptions can be found in (Christ et al. 2018).

(vi) The skin thermal properties can be approximated as homogeneous and captured by

the PBE: This is justified, as the skin thickness is small compared with the Green’s

function characteristic length l of steady-state heating.

At 10GHz the agreement between the analytical prediction and simulated

temperature increase is not as good as for higher frequencies. Closer inspection of

the simulation results reveals, that the penetration depth at 10 GHz is su�ciently large

that significant energy deposition occurs in the deeper muscle layer. This means that

the approximation of energy deposition at the surface is not well satisfied. The deeper
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Averaging Area
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with wWC(f, d) and the function fitting the frequency dependence of FT . The maximal

averaging area has also been extracted for the simulated single antennas at d = 2mm

and is shown in Fig. 8. It is apparent, that the proposed model is conservative (but not

overly so) and it can be approximated by:

A2mm(f) = 1.8 cm2 + 1.7 cm2 · Exp(�f/25GHz) (7)

At 5mm distance, the maximal averaging area more than doubles for frequencies below

50GHz.
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Figure 8. (a) frequency dependence of the maximal averaging area that ascertains
a temperature increase below 1K at an averaged power density limit of 10W/m2 for
di↵erent source distances d (far-field averaging areas computed for a = 5 cm); (b) zoom
of (a) for small d; (c) comparison with maximal averaging area determined from skin
temperature increase simulations (at a source distance of 2mm).

4. Validation

4.1. Transfer Factor

The analytical FT predictions (0.764, 0.792, 0.995, and 0.9999 at 10, 30, 60, and

100GHz) have been verified by comparison against numerical simulations of plane wave

propagation in free space and incident to the skin models from Section 2.5. The ratios

of the real part of the Poynting vector component perpendicular to the skin surface at

the skin surface location central to the computational domain has been computed. The

obtained values 0.75, 0.84, 0.98, and 0.99 agree within 1-5% with the predictions.
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Summary
framework for appropriate averaging to keep 1ºC developed 
at 2mm distance for 10W/m2 

a distribution dependent analysis could be implemented 
these results are only valid for continuous exposure!

21ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Temporal Averaging
Neufeld E, Kuster N. 2018a. Systematic derivation of safety limits for time varying 5G radiofrequency exposure based on 
analytical models and thermal dose. Health Phys 115(6):705-711. 
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Background
5G can transmit in data bursts (that can be 
short, i.e., t<1ms [Qualcomm, 2016]) 
standards allow for temporal averaging  
small penetration depth at high frequencies 
lead to sharp temperature rise 
burst with high peak-to-average-ratios 
(ICNIRP 1998 allows for 1000) produce 
temperature spikes that can result in 
permanent tissue damage 
even if temperature increase for continuous  
exposure is safe, pulsed exposure may not  
an analytical approach is developed to  

assess thermal damage from pulsed exposure  
derive practical conclusions for standardisation 

23ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Oscillation Magnitude An example of the transient temperature during a single

oscillation period derived using the Equation from Section 2.2 can be seen in Fig. 1.
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Figure 1. Transient temperature during a single oscillation period; computed for
�t = ⌧1, ↵ = 20%, and at an intensity resulting in 1K temperature increase at
continuous exposure.

Fig. 2 shows the relative oscillation magnitude according to Eq. 2, as well as the

normalized oscillation-minimum and -maximum temperatures as a function of ↵ for

di↵erent values of �t/⌧1. Similarly, Fig. 3 shows the relative oscillation magnitude

according to Eq. 2, as well as the normalized oscillation-minimum and -maximum

temperatures as a function of �t/⌧1 for di↵erent values of ↵.

In view of transmission bursts at very short time-scales, the relative oscillation

magnitude has also been computed assuming an averaging time of 10 and 100ms and a

burst duration of 1-100µs (Fig. 4).

To verify the approximation (derived for the limit of small ↵) of the relative

oscillation magnitude in Eq. 4, Fig. 5 compares it against the numerically solved exact

formula derived from Eq. 2. Good agreement is found for ↵ below 40%.

CEM43 Fig. 6 shows CEM43 as a function of ↵ for di↵erent values of �t. Based on

that, Fig. 7 illustrates the relationship between ↵ and tmax. Results are provided for

averaged intensities leading to 1K and 4K temperature increase at continuous exposure,

and for two values of ⌧1 (500 s and 100 s) to mimic plane wave and localized exposure.
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Analytical Approach (I)
based on step function S(t)  
energy delivery during fraction (α=1/PAR) of averaging time interval (Δt) 
min/max during oscillation quasi-steady-state: 

relative oscillation magnitude: 
and for high PAR: 
assuming surface energy deposition (s. later) and heating according to the Pennes 
Bioheat equation, the step function is                          
thus, for high PAR, the relative oscillation becomes 

can be used to impose limits on averaging time or PAR

24ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Relative Oscillation Magnitude

α and averaging time dependence of 
relative oscillation magnitude 
for extremely short [us] burst durations and 
10/100ms averaging time oscillation 
magnitude remains sufficiently small 
(needed to account for fast bursting)

25ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Figure 2. (a) Oscillation magnitude according to Eq. 2 and (b) maximal/minimal
temperature during oscillation period as a function of ↵ for �t/⌧1 ranging from 0.25–2
(normalized to the continuous exposure (↵ = 100%) temperature increase). For a time
constant ⌧1 = 500s (typical for plane wave exposure), this corresponds to an averaging
time range of 125–1000 s, while for a time constant ⌧1 = 100s (relevant for localized
exposure), this corresponds to an averaging time range of 25–200 s.

4. Discussion

4.1. Assumptions

The presented theory and results are generally valid provided the following assumptions

are satisfied:

• The underlying partial di↵erential equation describing heating is linear, such that a

Safety Limits for Time Varying 5G Exposure 8
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Figure 3. (a) Oscillation magnitude according to Eq. 2 and (b) maximal/minimal
temperature during oscillation period as a function of �t/⌧1 for ↵ ranging from 0.05–
0.3 (normalized to the continuous exposure (↵ = 100%) temperature increase). For a
time constant ⌧1 = 500s (typical for plane wave exposure), the range up to �t/⌧1 = 3
corresponds to an averaging time of up to 1500 s, while for a time constant ⌧1 = 100s
(relevant for localized exposure), it corresponds to an averaging time of up to 300 s.

step function can be defined: This assumption is reasonable, provided the heating

remains su�ciently small for thermoregulation to not a↵ect the tissue properties

(especially perfusion) significantly. Continuous exposure at an intensity resulting

in one degree temperature increase certainly satisfies that condition. When the

temperature increase becomes important, thermoregulation sets in and perfusion

increases. This results in a shorter ⌧1 and the relative oscillations become more

prominent.
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Analytical Approach (II)
  

can be used to compute CEM43 thermal dose (empirical relationship valid across 
wide temperature range and range of thermo-biological effects; previously 
employed to derive MRI safety guidelines) 

from the temporal density of CEM43 accumulation and a CEM43 damage threshold 
(L), limits on maximal exposure time (or PAR, or averaging duration) can be derived

26ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Parameters
conservative skin base temperature (encompassing hot and humid environments): 
37C [Gonzales-Alonso 1999, Wyndham 1976, Eichna 1950] 
time constant 𝜏1: in the order of 500s for plane-wave exposure [Foster 2016] and 
100s for localised exposure [Morimoto 2017] 
thermal dose (CEM43) limit: 12min (general public) / 60min (occupational exposure) 
based on safety factors 50 / 10 and 600min being the lowest thermal dose where 
damage has been observed in human skin [van Rhoon 2013] 
worst-case exposure duration: 18hrs / 8hrs

27ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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CEM43 Threshold-Based Maximal Exposure Duration
as a function of α and 
the averaging time, for 
1K and 4K continuous 
exposure temperature 
increase

28ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Figure 7. tmax as a function of ↵ for di↵erent values of �t and di↵erent thresholds
LCEM43 (left scale: general public; right scale: occupational exposure). Shown
for averaged intensities leading to 1K and 4K temperature increase at continuous
exposure. Assuming two values of ⌧1 (500 s and 100 s) to mimic plane wave and
localized exposure.

without restricting the PAR, is not suitable. The thermal dose also escalates, when the

continuous exposure temperature increase is in the order of 4K (s. Fig. 7). Hence, the

following recommendations are made:

• limit the continuous exposure temperature increase: A continuous exposure

temperature increase limit of 1K should be established.

• introduce two averaging times: A short averaging time that allows for bursts short

enough to not significantly a↵ect the temperature, is introduced. Fig. 4, shows that

for bursts longer the 30µs, an averaging time of 10ms produces a relative oscillation

magnitude below 20%. In addition, a longer averaging time similar to the one used

in current standards is maintained.

• derive limits from thermal dose considerations: Limits on averaging time and PAR

can be derived from thermal dose considerations, as illustrated below.

Using CEM43 thresholds of 12min for the general public and 60min for

occupational exposure in combination with a maximal exposure duration of 18 h for

the general public and 8 h for occupational, limits on averaging time and PAR can be

derived as a function of ↵ (respectively PAR), as shown in Fig. 8. For example, assuming

a continuous exposure temperature increase (CETI) of 1K and ↵ � 0.01, the maximal
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most of the analytical considerations (not the simulations) are based on assumption 
of surface energy deposition 
in reality: finite penetration depth [Walters et al. 2000] 
affects initial rise (finite slope instead of √t)

Surface Energy Deposition vs Finite Penetration Depth (I)
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Surface Energy Deposition vs Finite Penetration Depth (II)
notice: α=0.001 for averaging time of 6min 
is still 360ms: error <25% 
finite penetration depth important for pulses 
shorter than 10-100ms 
e.g., 5x10ms plane-wave pulses with 
100ms separation: 20C -> 12C
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Conclusions
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Application to Current Standard Proposals (Worst Case)
6min averaged DRL of 20W/m2 
plane wave  
- continuous, assuming R1=7mm and 𝜏1=500s: 0.4C 
- 100ms pulses: 9.9ºC (5 pulses complying with restriction of not giving more the 20% within 100ms) 
- 10ms pulses: 12ºC (considering finite penetration depth) 

considering 𝜏1=100s for localized exposure [Morimoto et al. 2017]: roughly doubled heating 
- pulse duration dependent fluency limit of IEEE standard for short, isolated pulses (>30GHz) holds 

but: ICNIRP has constant fluency limits below 1s durations, which leads to problematic heating 

localized exposure 
continuous, A=4cm2, w=1mm: 0.4C -> 3.9C (<1C for A=1cm2)  
even higher, when R1 and 𝜏1 are adapted to reflect effective perfusion (considering all tissue layers) - particularly for broad 
exposures 
pulsed narrow beam: >100C  

old FCC limits (-> not that bad) 
- preliminary: 1cm2, 10W/m2 to prevent damage from localised exposures  

(compatible with averaging time of 60s and PAR limit of 300)

32ICES Meeting 20200122 - Based on the BioEM2019 Presentation
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Responses to Some of the Criticism 
communication systems never have short data burst (<1s) 

latency requirements specifies: <1ms 

exposure width is never smaller than 5mm 
different in the near field, i.e., even validation sources have 3dB width of <1mm 

transmission coefficient based on worst case skin layering are unrealistically high 
new study currently being conducted 

not considering finite penetration depth 
overestimation has been quantified and conclusions remain valid 

in contradiction with Foster/Hirata et al results 
same results if the same parameters are used   

most dominant differences: 
- effective skin perfusion (non-perfused layers, combined with small penetration depth)  

30 rather than 100 ml/min/kg -> less cooling 
also affects the thermal time-constant 

- localized exposure for antennas in close proximity (diameter can be in mm range) -> averaging area must be small enough 
also affects the thermal time-constant (from 500 to <100s [Morimoto]) 

- shallow penetration depth at high freq. (0.05mm shown by Walters at ~100GHz) - 
very high power density and fast temperature rise -> strong oscillations for train of short, high-power pulses 
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Intrinsically Sound Safety Guidelines
the current IECS safety guidelines are not intrinsically sound and safe   
however, we could not identify any hurdle to defining intrinsically sound safety 
guidelines that would inhibit technology 
it would be good if the parameter space could be more precisely confined (more 
research needed)  
some are obvious:  
- introducing a continuously frequency-dependent averaging area (step function is bad for industry) 
- using a sphere based averaging area (square is just bad in all respect) 
- continuous exposure temperature increase should be limited to 1K (to enable modulation) 
- limitation of peak power via pulse-duration dependent fluence (also for pulses shorter than 1s) or PAR 

and averaging time concept derived from thermal dose considerations 
- maybe introduction of second PAR limit, fast averaging time could be introduced to facilitate rapid 

modulation/pulsing (>30us bursts produce less than 20% oscillation with 10ms averaging time)
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Analytical solution 1D model, insulated boundary conditions

Surface heating approximation  (L-> 0)
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The Problem: Short, High-Fluence MM-Wave 

Pulses Can Cause Large Temperature Spikes
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Pulse fluence 1 kJ/m2
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Surface heating model fails badly for short pulses
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Error introduced by surface heating approximation vs. pulse length

100 GHz 35 GHz

9 GHz 2 GHz

(S
u

rf
a

ce
 h

e
a

ti
n

g
/a

n
a

ly
ti

ca
l 

so
lu

ti
o

n
)

Pulse width, sec

Attachment 14



(Neufeld and Kuster, Bioelectromagnetics, Dec 2019)

Pulse fluence 1.44 kJ/m2

Confirmed by analytical results

No!!!
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GHz

Surface heating model

100 GHz
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100 GHz carrier, pulse width 0.1 sec,  pulse fluence 1.44 kW/m2

CW (20 W/m2)
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Remedy 1: Limit averaging time ∆T to limit peak fluence to Io ∆T

• Disadvantage: inefficient (it excludes common waveforms that are thermally

innocuous)

• Advantage: Easy to implement in standards

Remedy 2 (IEEE, ICNIRP): Separate provisions to limit peak fluence of short mm wave 

pulses

• Advantage: it addresses the problem directly

• Disadvantage: somewhat arbitrary

Remedy 3: require correct assessment of thermal averaging (e.g. calculate convolution of 

input with impulse response.

• Disadvantage: too complex to be practical
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Ric Tell Visits with Dr. Sol Michaelson

1922-1992

Presented to the ICES SC4 Meeting

January 22, 2020

Plantation, FL

R Tell (1-22-2020)
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https://apps.dtic.mil/dtic/tr/fulltext/u2/824242.pdf

Biologic Effects of Microwave Exposure

R Tell (1-22-2020)
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Male and female dogs of mixed breed were 9 to 18 kg in 

weight, 1 to 5 years old

Exposure sources:

 AN/FPS-6, 2800 MHz pulsed at 360 pulses/s (2μs 

pulse), 4.5 MW peak power, 3.6 kW average power

 AN/FPS-8, 1240 MHz pulsed at 360 pulses/s (3μs 

pulse), 1 MW peak power, 1.1 kW average power

Exposures were performed at 100 mW/cm2 and 165 

mW/cm2 for between 3 and 6 hours continuously.

R Tell (1-22-2020)
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R Tell (1-22-2020)
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WBA SAR for Brittany Spaniel

Based on ellipsoidal models used in RF Dosimetry Handbook 4th Edition

F= 2800 MHz at 165 mW/cm2, SAR = 8.86 W/kg for H-polarization

F= 1240 MHz at 165 mW/cm2, SAR = 8.46 W/kg for H-polarization

F= 2800 MHz at 100 mW/cm2, SAR = 5.37 W/kg for H-polarization

F= 1240 MHz at 100 mW/cm2, SAR = 5.13 W/kg for H-polarization

R Tell (1-22-2020)
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Practical Rationale for my Visit with Sol

Mt. Wilson transmitter site

KBIG FM

Me

I measured RF fields in the range of 60 to 180 mW/cm2 until 

my arms were noticeably hot and I came down.

Nov. 20, 1975

105 kW ERP, 6 bay, 

6.7 kW/bay

R Tell (1-22-2020)
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Double compartment, Plexiglass® cage for exposures   

R Tell (1-22-2020)
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R Tell (1-22-2020)
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Normal dog body temperature 101.0-102.5 ºF

13 Data Sets for Ambient & Rectal Temperature 

R Tell (1-22-2020)
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18 Data Sets for Rectal Temperature in Dogs at

165 mW/cm2 at Nominal Room Temperature

R Tell (1-22-2020)
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22 Data Sets for Rectal Temperature in Dogs at

100 mW/cm2 at Nominal Room Temperature

R Tell (1-22-2020)
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Take Home Message for RF Exposure
Response of body temperature to intense RF exposure can be highly 

variable which apparently suggests considerable biological variability.

If you start feeling hot when you are near an antenna, you are probably 

being exposed above the limits of modern exposure standards. 

Our beloved Percy (2004-2018) after spending a day in my office
R Tell (1-22-2020)
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