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Exhi bit 11: RF Exposure/ Environnental Eval uation

J

Vectran Corporation

Div. of Canac Intemational Inc.

Memo

To: Fred Horst

From:  Bob O'Famell

cC: C Ballwars,J.McCann,C.Losffler,D.Masse, T.Mueller, H.Warren
Date: 07/15/99

Ra: SAR Compliance, FCC Caertification

Dear Fred,

Follow up o our telephone conversation reletive to the need to perform routine environmental
evaluation for RF exposure on your one watt 450mhz Transmitter, prior to squipment authorization
or use.

1 spoke to various FCC offices in trackihg down a definitive answer to the above question.
FCC Gettysburg , PA (Mike); |

FCC national call center, (1-888-225-5322);

FGG Office of Engineering and Technology; Columbia, MD (1-301-362-3010);

At the Office of Engineering and Technalogy | spoke to Joe Dichoso (1-301-362-3024) their “Low
Power” specialist, who directed me to Kwok Chan (1-301-362-3055) , their specialist on SAR Testing.

| spoke to Kwok Chan on two occasions. On both occasions Mr. Chan said that that the tranemitter in
question must be in compliance with FCC Rules Part 2, Paragraph 2,1091 & 2.1083 but That '(he

450mhz to 470mhz Frequency range meent that it was “catecorcally exciuded from routine
en antel e n for 9 prior to ipme izgtion or The reason Mr.

Chan gave for this exclusion was that the requirement for SAR Tasting applied to SMR devices which
are higher frequency devices.

in my discussions with Kwok Chan, | pointed out that the Transmitter now being submitted for
equipment authorization is a modified version of a transmitter that was previously submitted for
equipment authorization @ 800mhz to 850mhz, and was tested for SAR Compliance at that time. |
also mentioned the low duty cycle, and that the emiasion levels were more than 50 times below
allowable limits. Mr. Chan suggested thet the submission be made without the additional SAR Testing,
but the previous test results could be provided as added supporting information.
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29 June 1999

Communication Certification Laboratories
1940 Alexander Street

Salt Lake City, Utah

USA

84119-20

ATTN: Mr Joseph Jackson

SUBJECT: SAR Testing of the CANAC Remote Controller

Dear Mr. Jackson,

Attached you will find a copy of the SAR Testing report prepared by Dr. Om P. Ghandi
of the University of Utah. The conclusions of this report indicate that the radiated
emissions of both units tested are over a factor of 50 times lower that the ANSI/TEEE
C95.1-1992 SAR limit of 1.6 W/kg for any gram of tissue anywhere in the body.

The transmitters currently being evaluated by your laboratories will be used in a
configuration that is functionally and dimensionally similar to the Vectran Model
VM1000018 model tested by Dr. Ghandi. The peak output power is equivalent and the
duty cycle is less than 7%.

Please advise if you require any further information.

Sincerely,

Fred Horst — P. Eng
Director — Product Design
CANAC Inc.

CANACINC.
3050, avenue Hickmore, Ville St. Lawrent (Québec), Canads H4T 1K2 « TéL (514) 399-6013 * Fax (514} 399-6004
c. €lec.: pubmail@mail.canac.com  hitp:/faww.canac.com
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SAR TESTING OF THE CN LOCOMOTIVE CONTROL S YSTEMS
VECTRAN MODEL VM1000018 AND THEIMEG MODEL EE021-00061

FINAL TECHNICAL REPORT

Ociober 15, 1997

Submitted to:
mﬁm
Mhmr
maummwmmu
Monmeal, Quebec H3B 2M9, Canada
Submitred by; Dr. Om P. Gandhi
Prafessor and Chairman -
University of Utsh

Elactrical
50 8 Canttsal Dr R 3280
Salx Lake City, Ush 84112-9206
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VECTRAN MODBL. VM 1000018 AND THEIMEG MODHL B 5021-00061

1. Introduction _

We have conducted the SAR testing of two CN Locomotiva Control Systams
(LCS) Vectran Model VM1000018 and Thoimeg Model BEQ21-0006]. Both the
experimentsl and computational test procedures that kave been widily accepeed by the
bioslectromagwetics scientific community were used to assess the raias. of electromagnetic
energy sbsorption (specific ahsorption rates or SARs) in torms of pesk one-gram SARS
that should not exceed certain prescribed imits for safe operation of radiofrequency (RF)
radiating devices. Several of the safety guidelines for highest allowals one-gram SARs
are given in Table 1 [1-5]. In the Canadian Recommendations on Radlofrequency
Exposure Protection [1), the Jocal SAR averaged over any one grum -f tisene for any six
minui= (0.1 hour) period should not exceed § W/ky for occupational exposures and one-
half of this vakic or 4.0 W/kg for exposure of the general population. Fairly similar peak
one-gram SARs bave also been proposed in the RF cadiation Safety S:andard ANSI/IEEE
C95.1-1992 [2] where the peak one-gram SAR for Conroiled Eavironments should not
exceed 8.0 W/kg and for Uncontrolled Envisonments should not exceed 1.6 WAg. Limits
on the peak one-gram SAR proposed in the other safety guidelines [3-5) are faitly similar
and swe summarized in Tabls ).

1. Maethods for Determining SARR Distrihutions

been developed over the last 25 yenrs and are described in o number o original and review
articles, some of whish ar reforencod hore (8§-8]. For experimenial mesnursments, &
_human-shaped mode! (see Fig. 1) filled with tissue-squivalent material simulating the
electromagneric properties (dielectric constant ey and cloctrical conduct vity o cormeponding
to the average properties of the 1730 WAy be used. For experimental SAR moasuroments &t
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1

ths LCS froquoncies of 806-866 Mz, we have developed a gel type phantom composed of
71% by weight water, 20.55% polyethylens powder, 0.5% salt (N#C £ and 7.95% gelling
agent TX151 available from Oil Center Resessch, PO Box 51871, Lafasette, Louisiana,

For this composition, the dislectric proportiss were messured for the desired
frequency band using Hewlett Packard (HP) Model 85070B Diclectric 1’robe in conjunction
with the HP Model 8720C Network Analyzer (50 MHz - 20 GHz). The measured
properties are a8 follows: Dielectric constant g, » 43.8; electrical cenductivity o = 0.90
S/m. These valnes correspond to the average for the tissues in the torso region of the body .
9. 101

For munevical computationa of SAR distributions, the most s1.ccessful and widely
accepted method is the finite-difference time-domain (FDTD) method {7, 11, 12). This
wethod allows use of realistic. anstomically-bassd models of the hum:n body and has been
used extensively for calculations of SAR distributions [7, 11, 13). For the present
calonlations, we have uged a 1.974 % 1.974 3 1.0 mm resolation mods:! of the human body
wummwmhmmmmmumdamm
volunteer. This model has been segmented to idemify 31 tissus types whose electrical
properties can then be prescribed at 812.5 MHz which is the irradimion frequency of the
Looomotiv;CoutrNSym.

III. DPetermination of SAR Distributions

1t has been our experiencs that the RF radiating systoms such s callular telcphiones
md other portable communication devices may couple significantly 1o the uman body
when the antennas ars within 1-3 cm of the body [12, 13]. For the CN Locomotive
Control Systems such as Vectran Model YMI000018 and Theimeg :\Model BED21-00061,
the radisting antennas are 10-12 cm removed from the body and, frow: slectromagnedc fisld
- theory, are, therofore, expected to couple much less power to the awuman body. It was,
therefore, decided to measure, as well as calcnlate, the SAR distrisutions when the two
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LCS modols ars mounted, as for normal use, with antennas further avay from the body,
and for sbnormal sitnations when the units are tamoed around so that the antenna is cloes 10
the body, as for Vectran LCS, ot directed toward the body, as for the Theimeg LCS.
Regions of the highest-internal energy depasition wers locased both sxperimentally and
numerically. The SAR distributions thus determined were used to determine pesk oae-
gram SAR by using a voluma of 1 % | x 1 cm with 2 weight of one jram of tissue. The
peak one-gram SARs detormined for both of the Locamotive Control tiystams are given in
Table 2.

From Tabls 2, it is interesting to note a fairly good agreemsat {within 23%)
between: SARS that were measuved or calcnlated using the anatomicatiy-besed model of the
human body. Rt is also interesting to note that the SARs are faitly low when the LCS units
are piaced, as for normal nse, 80 that the anicnnas are approximutely | 0-12 cm away from
the body. For this case, the SARs cbtained for Vectrsn and Theimeg models are both fairly
small and approximately 0.028 and 0.031 Wikg, respectively (these 4/ the highest values
obtained in each case by using cxpsvimentsl or numerical procedure). Even for the
abnarmal placement of the LCS units, when the units sre tunad srcund sush that the
mmmm:umwy.mmwmwm.mm
Taitly low a5 compared (© the peak one-gram SARs of 1.6 - 4.0 Wkg suggested in the
various safety guidelines [ses Table 1). In Table 2, it is intevosting to ses that the peak 1-g
SAR measured for Theimeg Model BEO21-00061 for abpormal plicement of this unit
{worst case exposure condition) is less than that measored for the Vectran LCS. This is
dus to the fact that Thelmeg LCS uses sn internal slot antenna which spreads the radizmd
power over a wider area reducing thereby the maximum coupling w sny 1 % | x | cm of
tissue in the body. 'When the antennas are further away from the bocly, a3 for normal use,
the ficids spread out for both of the LCS units, and largor areas of the body are thus
- exposed alheit with considerably lower SARs.
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IV. Comparison of the Data With Safety Guidelines

All of the safety standards proposed in western countries on both sides of the
Atlantic {1-5) are st in texres of SARS that maust not sxcoed certain prescribed limits for any
1- or 10-g of tissue xnywhere in the body. The most stringent limit is thas prescribed by
ANSVIEERE ©95.1-1992 [2] where for any one gram of tissue anywhere in the body, the
maximum allowable SAR is 8.0 Wikg for workars/controlled envirorments and one-fifth
as much or 1.6 Wikg for gonerul population/uncontrolled environments. As seen in Table
2, the maximum messured or caleulated one-gram SARS for both the Vectran and Theimeg -
LICS units for normal-operating conditions are 0.025 and 0.031 W/kj, respectively. Both
of these values ave over a factor of 50 times lower thaa the ANSIIEIE C95.1-1992 SAR
Himit of 1.6 W/kg for any ane gram of tissuo anywhere in the body. Even for the atmormal
operational condition whare the LCS units are turnext around such 1hat the antepnas are
faciug and next to the bady, rather tham £0-12 oo away, the peak one-gram SARs are atjll
considezably less than the safety limit of 1.6 W/kg suggested in ANSUVIEEE (95.1-1992
exposure standard {2},

We may compare the SARs detcrmined for the two ON Locomotive Control
Systems with those measured or calculated for various ceflular telephones that are being
mempublh This compurison is alsc instructive sinoa the transmission
frequencies used for cellular telephones in Noeth America are on the: order 820-250 MHz
and thus very similar to those being used for the LCS unks. Besider, the maximum time-
averaged powers being used for cellular telephones are very sim:lar, and if anything,
somewhat higher with vaiues as high as 200-250 mW instoad of 73 and 104 mW being
used for LCS Vectran and Theimeg models, respectively. There is, however, & major
distinction between the antennas being used for cellular telephones and LCS units,
rospectively. Whercas the antennas usod foc cellular selephoues are located much closer at 2

- distance of 1-2 cm fiom the body in normat usc, the ancennas for the LCS units are
considerably further and typically 10-12 cm from the body. As sxpected, because of
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stronger fiolds that would result at closer distances For the cellular tilephone anteanas,
considerably higher SARs on the order of 0.6-1.3 W/kg have generall/ beor measured or
calculated. for cellular relsphone antennss {12, 14-16), depending on the natre of the
antenna and its location vis A vis the bady.
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