A B ABIOMED®, Inc.

0034-3340 AbioCor Implantable Controller RF Telemetry — RF Exposure

The Abi QCoro Implantable Controller contains the dectronic circuitry required to run the
AbioCor® Implantable Replacement Heart. The Implantable Controller is surgically implanted in
the abdomen of an AbioCor® Implantable Replacement Heart patient. The RF telemetry
transcever is part of the Implantable Controller. An antenna, which is part of the implantable
cable, is attached to the Implantable Controller and located in the patient’ s abdomen.

The AbioCor® Implantable Controller’s RF telemetry system was tested to 47 CFR 15.249.
Based on correspondence with the FCC, the Implantable Controller and antenna were submersed
in a phantom material that simulates human tissue during the testing. The antenna and
Implantable Controller were positioned 2 cm inside the phantom material as recommended by the
FCC.

Correspondence with the FCC can be found in Attachment 1. The formula for the phantom
material and paper referenced in OTE Bulletin 65 Supplement C can be found in Attachment B.



Attachment 1

Correspondence
with the FCC



D'Ambrosio, Ralph

From: Phyllis Parrish [Phyllis.Parrish@fcc.gov]
Sent: Tuesday, March 30, 2004 7:06 AM

To: LabHelp

Cc: rdambrosio@abiomed.com

Subject: RE: Question

Question: The AbioCor implantable telemetry system uses an OOK modulated
transceiver operating at 916.5 MHz and is designed to comply with 47 CFR
15.249.

Below is some of the information that Richard has requested:

The radiated output power of the device is approximately -8.0 dBm
(158uW) at the implantable antenna. The transmitted data uses a
bit-balancing scheme, similar to Manchester encoding, since the base
band signal is AC coupled. The implantable transmitter is active about
90% of the time. During the remaining 10%, the implantable receiver is
enabled to accept inbound commands.

Below are some facts to ease your concern regarding "Part 15 devices,
which have no protection against harmful interference, to be used for
life-saving/preserving devices" for this application.

1) The RF telemetry is not required to maintain operation of the
device. (example: If the RF link is down for a day there will be no
adverse

effect)

2)  All of the inbound and outbound data use a CRC to maintain data
integrity.

3) Commands required to disable the device require multiple
messages.

4)  The entire AbioCor system will undergo full immunity testing per
EN60601-1-2 which include full testing of the EN61000-3 and EN61000-4
families of standards.

5)  The AbioCor system has been undergoing clinical trials for the
past

2-1/2 years using this telemetry system. Never has interference been
interpreted as, or caused desired message to be interpreted as,
something other than the intended message.

Please let me know if you require any additional information. Your

prompt response is appreciated as we would like to commence testing next
week.

You can reach me in the office at 978-646-1709. If you receive my voice
mail, please dial "0" and have the operator page me, or you can try my

cell phone at 978-314-6517.

Best Regards,

Ralph D'’Ambrosio

rdambrosio@abiomed.com

Answer: We will allow testing in the open air or in a fluid that
simulates body tissue on an open area test site. The choice is up to
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you. ANSI C63.4 requires testing in the open air, however, we have
allowed other Part 15 transmitters to be tested in-situ or as-installed.

A transmitter tested in air will be placed stand-alone on the tabletop.

A transmitter tested in fluid must not be more than 2 cm inside the

fluid on the tabletop. Be aware that a device tested in fluid will

appear to have more power when compared side-by side to one tested in
the open air. This could be advantageous to your future marketing
plans. Supplement C to OET Bulletin 65 contains recipes for "phantom
materials".



D'Ambrosio, Ralph

From: LabHelp [LabHelp@fcc.gov]

Sent: Tuesday, March 16, 2004 8:29 AM
To: D'Ambrosio, Ralph

Subject: RE: Question

We are in receipt of your e-mail dated March 10, 2004. After some
research, it appears that we will need additional time to provide an
appropriate response to your inquiry. We will therefore be responding
to your e-mail within one to two weeks. If you have any questions,
please send me an e-mail with your concerns.

Hello,

| am contacting you at Richard Fabina's direction. Please see the
emails below for some background.

The AbioCor implantable telemetry system uses an OOK modulated
transceiver operating at 916.5 MHz and is designed to comply with 47 CFR
15.249.

Below is some of the information that Richard has requested:

The radiated output power of the device is approximately -8.0 dBm
(158uW) at the implantable antenna. The transmitted data uses a
bit-balancing scheme, similar to Manchester encoding, since the base
band signal is AC coupled. The implantable transmitter is active about
90% of the time. During the remaining 10%, the implantable receiver is
enabled to accept inbound commands.

Below are some facts to ease your concern regarding "Part 15 devices,
which have no protection against harmful interference, to be used for
life-saving/preserving devices" for this application.

1) The RF telemetry is not required to maintain operation of the
device. (example: If the RF link is down for a day there will be no
adverse

effect)

2) All of the inbound and outbound data use a CRC to maintain data
integrity.

3) Commands required to disable the device require multiple
messages.

4) The entire AbioCor system will undergo full immunity testing per
EN60601-1-2 which include full testing of the EN61000-3 and EN61000-4
families of standards.

5) The AbioCor system has been undergoing clinical trials for the
past

2-1/2 years using this telemetry system. Never has interference been
interpreted as, or caused desired message to be interpreted as,
something other than the intended message.

Please let me know if you require any additional information. Your
prompt response is appreciated as we would like to commence testing next
week.

You can reach me in the office at 978-646-1709. If you receive my voice
1
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mail, please dial "0" and have the operator page me, or you can try my
cell phone at 978-314-6517.

Best Regards,

Ralph D'Ambrosio

rdambrosio@abiomed.com

----- Original Message-----

From: Rich Fabina [mailto:Rich.Fabina@fcc.gov]
Sent: Tuesday, March 09, 2004 2:16 PM

To: D'Ambrosio, Ralph

Subject: RE: Question

Ralph,

Yes, the contact should be done before any testing for FCC requirements.
You may submit your questions via email to labhelp@fcc.gov.

We'll need information on the output power of the device (EIRP at the
antenna) where it touches human tissue and the length of transmission so
we can answer any questions you have.

The questions will be forwarded to the appropriate individual for

response. You should be aware that allowing Part 15 devices, which have
no protection against harmful interference, to be used for
life-saving/preserving devices is new and we are struggling with the

idea of allowing such use.

Rich Fabina

Chief, Equipment Authorization Branch
Laboratory Division

FCC

----- Original Message-----

From: D'Ambrosio, Ralph [mailto:rdambrosio@abiomed.com]
Sent: Monday, March 08, 2004 5:36 PM

To: Rich Fabina

Cc: Kolifrath, Charles

Subject: Question

Importance: High

Hi Richard,

My name is Ralph D'’Ambrosio and | am writing with regards to ABIOMED's
AbioCor implantable artificial heart. We have been undergoing FDA
clinical trials on the AbioCor system for the past few years.

The AbioCor has a RF telemetry system that operates at 916.5 MHz. The
telemetry system allows an external console to monitor the status and
collect data from the implantable system as well as allowing the console
to send commands to the implantable system. Our telemetry system is
designed to meet the requirements of 47 CFR, part 15.249.

We will be testing the AbioCor for compliance at an FCC certified test
lab, Intertek Testing Services, next week. During a search of non-MICS
implantable systems, Roland Gubisch of Intertek, came across the
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following prior determination:

INQUIRY?2:

Can a device, even though implanted in the human body, seek
certification under other than Part 95 if it is extremely low power
(e.g. in compliance with the Section 15.209 power limits at 3 meters)?

Response -

Possibly, but any manufacturer seeking certification of an implant

device for unlicensed use pursuant to Part 15 of the Commission's Rules
should first contact the Commission's Office of Engineering and
Technology. Such an application must be reviewed and processed by the
Commission, not a Telecommunication Certification Body. In addition, as
noted above, the manufacturer should contact the FDA to determine
whether the FDA must also evaluate/approve the implant device. Finally,
the designer/manufacturer of an implant device intended for unlicensed
use should be aware that the American National Standards Institute
measuring standard, ANSI C63.4-2000, does not permit any adjustment for
attenuation due to body tissue. Testing other than on an open area test
site turntable will have to be addressed with the Commission before the
application is filed.

My reason for contacting you is the first sentence of the "Response”
above. What is the procedure for contacting the FCC with regards to
certifying a non-MICS implantable telemetry system? Should this be done
prior to the testing?

| look forward to discussing this with you. Your prompt response is
appreciated as we would like to commence testing next week.

Best Regards,
Ralph D'Ambrosio

978-646-1709
rdambrosio@abiomed.com
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D'Ambrosio, Ralph

From: Rich Fabina [Rich.Fabina@fcc.gov]
Sent: Tuesday, March 09, 2004 2:16 PM
To: D'Ambrosio, Ralph

Subject: RE: Question

Ralph,

Yes, the contact should be done before any testing for FCC requirements.
You may submit your questions via email to labhelp@fcc.gov.

We'll need information on the output power of the device (EIRP at the
antenna) where it touches human tissue and the length of transmission so
we can answer any questions you have.

The questions will be forwarded to the appropriate individual for

response. You should be aware that allowing Part 15 devices, which have
no protection against harmful interference, to be used for
life-saving/preserving devices is new and we are struggling with the

idea of allowing such use.

Rich Fabina

Chief, Equipment Authorization Branch
Laboratory Division

FCC

----- Original Message-----

From: D'Ambrosio, Ralph [mailto:rdambrosio@abiomed.com]
Sent: Monday, March 08, 2004 5:36 PM

To: Rich Fabina

Cc: Kolifrath, Charles

Subject: Question

Importance: High

Hi Richard,

My name is Ralph D'’Ambrosio and | am writing with regards to ABIOMED's
AbioCor implantable artificial heart. We have been undergoing FDA
clinical trials on the AbioCor system for the past few years.

The AbioCor has a RF telemetry system that operates at 916.5 MHz. The
telemetry system allows an external console to monitor the status and
collect data from the implantable system as well as allowing the console
to send commands to the implantable system. Our telemetry system is
designed to meet the requirements of 47 CFR, part 15.249.

We will be testing the AbioCor for compliance at an FCC certified test
lab, Intertek Testing Services, next week. During a search of non-MICS
implantable systems, Roland Gubisch of Intertek, came across the
following prior determination:

INQUIRY?2:

Can a device, even though implanted in the human body, seek
certification under other than Part 95 if it is extremely low power
(e.g. in compliance with the Section 15.209 power limits at 3 meters)?
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Response -

Possibly, but any manufacturer seeking certification of an implant

device for unlicensed use pursuant to Part 15 of the Commission's Rules
should first contact the Commission's Office of Engineering and
Technology. Such an application must be reviewed and processed by the
Commission, not a Telecommunication Certification Body. In addition, as
noted above, the manufacturer should contact the FDA to determine
whether the FDA must also evaluate/approve the implant device. Finally,
the designer/manufacturer of an implant device intended for unlicensed
use should be aware that the American National Standards Institute
measuring standard, ANSI C63.4-2000, does not permit any adjustment for
attenuation due to body tissue. Testing other than on an open area test
site turntable will have to be addressed with the Commission before the
application is filed.

My reason for contacting you is the first sentence of the "Response”
above. What is the procedure for contacting the FCC with regards to
certifying a non-MICS implantable telemetry system? Should this be done
prior to the testing?

I look forward to discussing this with you. Your prompt response is
appreciated as we would like to commence testing next week.

Best Regards,
Ralph D'’Ambrosio

978-646-1709
rdambrosio@abiomed.com
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Attachment 2

Phantom Material



Tissue Substitute Material

Instructions outlined in Simulated Biological Materials for Electromagnetic Radiation Absorption Studies .

Ingredient % by weight | Amount
1 Water (Gallon) 52.5% 3

Water weight (Ibs) 25.008
2 Salt (NaCl) (oz) 1.4% 10.670
3 Cane sugar (sucrose) (Ibs) 45.0% 21.435
4 HEC (Natrosol 250 HHR) (0z) [1.0% 7.621
5 Bactericide (Dowicil 75) (0z) ]0.1% 0.762

100.0%
Total Weight (ref) (Ibs) 47.634
5 gal total
Note: 1 gal of water at 20 deg C. 8.336 Ibs

1 Distilled water (3 gallons = 25.01 Ibs, 3.6 gallons = 30.01 Ibs)
2 Kosher salt
3 Pure granulated sugar

4 Hydroethylcellulose (HEC)
Natrosol 250 HHR (cosmetic grade)
Hercules Inc, Aqualon Division, Wilmington, DE
(800) 345-0447

5 Bactericide
Dowicil 75
Dow Chemical, Midland, Ml
(800) 447-4360
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Simulated Biological Materials for
Electromagnetic Radiation
Absorption Studies

G. Hartsgrove, A, Kraszewski, and &. Surowipee
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Few rhe: siudy o electromagmetic deirmeey and hyperthe . it is TecasAny 10 Simalabe
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Ihis paper. bommwulas are pewented (e simolaring bome, ling, brain, and rmusele tesue in
e frequency tange ol 100 MHE? b0 Gilz, By using these peeparanons a jeslistic
eiuivalen! or the fmeman Rody can be construeted.

Koy wurds: simnlated hinkogicai materiols, electromageetic dosimetry, [fssue cquivalent matarialz

INTRODUNCTION

Eecenty, cleceromagnetis dosimetty and hyperthermia have reguirsd more and
mang womplexs madels of biskogical mulerials 1o investigaic e elwclnic fobd (SA K,
Ieinperature) disfibunens induced inside "2 eeal body. Experineatal verification of
caluulations besed oo fese iore comples structares neods & more realistic mode] of
the Livlogical nbjest construced from materinls thal simebale Ui permitiviby smld

curadictivity of various tissues i the frequency range of imerest. Mast of the tsue
equivitenl matcrials developed o date simulare. skaletal muscte. The majoriny of these
Wiglerials hyse Wieer propettics afrer § shiom e, Devause of scdunenation, chcimnicul

1eactions, and hacterial action. The purposs of this paper is 1 present recipas for
Waterials 4t room temperonire that simulate the permittivicey and conductivity of
muscle, brain, lung, and hone tissucs al body lemperature (37°C) in the frsguency .
range of 0K} 100G MHz, These malerials are all cavy to prepare, iexpensive, snd
relain dhuic propermies for an extonded perivd of lime. Muscle shnulaline materials :
hat have been prepared have retained (hese properties for aver | ey,

SIMULATED MATERIALS g
Muscle Tissue S

Lur initial attempe was to simulawe the properiies of skeletal muscle JHion, 1955] L J
beeause this is ane of the majer components of iman, Previeas formulas [Ehont e al, :
I54: 3uy. 1971] have been developed lor muscle malerial bul they were Tound i

hive: prohlems. The nuajor problems wers lumping of the gelling apent during mixing,

T
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Simuiatad Blolegical Malenals 35

Bone Tissue Erquivalent Material

The procedura for propanimg the bone cqurvident inaterial is as tollows: (1) mix
thiz KCT solution in the propoctions piven in Table 1C. (20 Add ooe-quarter of the
fotal amount of KOCT sulution W the cpesy resine and miz onti a homogeneons paste i
obtaincd. (3] Add apother 25% of Qe KO soloton and mix until the material s
homogeneols, white, and na water appears on the surface. (4) Add the hardener and
mix carcfully for abow | mine (3 add 259 more KOl and mix using an electric
wixer until Pemogensious {less dan 1 omind. (6) Add the remalnder of the ECT and
contine [0 uix for 1 2 min, (7} Pour the mixture into molds o sel, (&) The marersl
will then slowly bugin m sohidily prodocing an cxothennic ceactiom. 199 The mamerial

will hail den inabier 3 b
The rnarerial should then be kept s moist cviromiem W prevent evaporan

nf wHler.

MEASURING TECHNIQLES

The diclectric propertics of Uie Gssue simalaring materials were ineasured nsing
an wpen-ended  enaxialdline sensor and a computer controlled  autonmuatic nehwork
analyser [Rrasrewski e al, 1983, Tl systemn was calibrated with e sensor npen-
cid¢uiled. shon-girceired, aod immersed inoa saline solution W minimae e smors
refated to the systein imperfections, The sensor was then immersed into the material
tinder test (heing g Hquid O saini-liquid) o was Omdy pressed into the flat smooth
surface oof the cast bone samiple, The uncerainty ol the measurement was svaklnated
g being less than 3% lur the dislectiic constaml and 2% for rhe conductivity o
muscle, briin, amd Dung materials, and less than 5 und 105, respactively, for bone
simoiaing matcral.

A summaey ol the praperies of all the materisly that hove been doseribod are
presented in Table 2. This table gives diclecois constants and conductivitics
froquencics of W, 400, and N WH,

SUMMARY

Frviulas have been presenled along wilh miaing instructions farthe preparation
vl simulaled bone, lung, brain, and musele awacrial in the frequency range of 100
MHz to IGHz. ‘Thewe materials are easy o prepare, incapensive, repeoducible, and
rewin their properties Jur a long pericd of (e,

The diclectriv properties of ench of the descrihed matertals can easily be cliged
W nmwich the pamicular weed of an ceperiment. In general the amown of sodium
chlurede {or BCHy is responsibic for the material’s conductivity, amd the smoen of
water influences wanly the valee of its diclectric constanl. [n a Emited range tis
WO parumerers con be changed abimost indepondent of each other, this alluwing
Irecise stmulation vl Ussue properties at a particular froguency,

With this information it is possibic to constouct a mere realisric niodel of man
for elewtrammgnutic dosimetry siadies.
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eguivalionl sosterial: (1) Wetgh all inpredients accurately. {27 Feat water to 3000, (3)
Add salt and bacterieide while siitring. (4) Add sugar fand microspheres in case of
Iunpt. 51 Continue @ stir & low speed to minimize the smound of s babbles e
solution. (&) Add the hydroxyethyloeilulose {HUECY (7} Renweee from hear, (3

Continue Lo stir until inixiure thickens, (W) Let oool W room leroperaluce.

When not inuse the material should be stored in a coverad conlainer W prevent
evaparatinn of water. If, however, the meecoal Joes Jose some water the ongioal
properties can Wsually be pesored by dwe addiion of o sioall noend of water it i
simnply stirred Ino e exising mateial .
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The castahle sorsicn is gimiply made trom [Dewoon twio-ton epoxy with a highly
cisuclive psasivm cldaride (KCT selurinn added. The concentratian of the salt
solubon can be adfusticd 1o vy the comducteity of the material and the diclecine
cutstant. The desired comductivicy may be achievad whan the electmnlyte is invorpo-
rated into the epoxy, Uws Jorming iondc condociance caraers 1 U Beoe cguivalent
taterial. The composidon e Wis matccial i given i Tatde 107

Diac e the cactherde soqetion smne of e warer evaporates sud the resuling
iderial contains about 005 % bese weater an in thee coyganal aase The sprecibie densily

+f the rosalting matcrial is LS9 gfom ™.
This preparation has hean Bumd to be casy amd fast to prosdizec and it prerovides

reproducible rexulis. The most importnt aspeet ol this malerial s that the dicleetic
[roprrtics of bane material arc stmulaied over o wide ITegueney mange, s shown in
Fipure 4.

The lifquid form of the bone matenial is made {rom several chemicals forming o
nzcraemnlsion. This microemulsion is the same as preseowd by Fusier of ul [1932].
Salime soburinn is added o the microemuodsion in order w mercase the condoectivity.

The amom of MaCl solution and olther compoments ol the nucrosta]sion are
given an Tuble 11¥. Properbes [or the qad bang material are given in Figore 5 and
Talle 2,

PREPARATION METHODS

The proccdure for proparing the tissoe cquivalent materials are presenred here.
I &5 imporiant Ml the jostructions are followed carefully and the material is weighed
accaraely 1o oblan repreducible resulis,
Muscle, Brain, and Lung Tissus Equlvalent Material
The following procodurs was used to prepare muscle, brain, and long tssos




a2 Harsgrove, Kraszewsak:, and Surowiec

&0 T v T : 75
. - * N r
C =8 g 1 S E
.
B | e 1?8
1 —_—— i i1
5 | EA-.»"- . ] i
[h) L ~H 15 Y
SIS £ 1 -
- - ] &
I
o R 1 10
@ e T ] i
L <[ 1 e r?
] ] 1
+ ———— PP T
T AR T ”

rraquency THHZ?

Fig. 1. D[nelecrric constard @) and conduciivity (3 of mmssle squivalun matenad fram [0 KHe 10
215 GHa, Skl awd dashed linos aprosent expeceed values of diglecine wesbal and condicy.

respest iy,

afl - L Y 20
— -\ o
L 1 E
ik £ T LL
— B0 = " - Lar
ik L M 1
c e v ] p
4 = "‘-Q 3
[ -q‘ﬂis A 1 k4

. - b w o
o 40 T i
o ] - el
P i LI N
-~ . 1 ~
] - % - 3
m 1 3 M
"E ~ — =3 ';-.
- 4
— 1 b
L M — i
J z 3 f
10 10

Freguancy (MHz]
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maller). Sembeols for Figures 2-5 as in Fig ]

Wikd: Swocldy and Scuchly, LHB)] differ signifcamly. The expected vaes Plolted in
Figure + and 5 are based o an gvergs of the exishing dalit. In order b sinulate bine
properiies a different approach was necessary buciuse of the relatively Jow dislectric
constant anil he desire w have a malerial that can be cast e the stape of 4 raal
kore. There are also eaperimenlal situations where it would 11s0 be desirable to have
a liguid form of hone materiat so that te interior of the bone may le invesligated. To
this end we have devised oo Frrmolas for bone. one liquid. and e reher castable.
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TAKLE 1. (A) Campasition by Weight of Muscle and Braio
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) 1.1 7.4
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muscle equivalont material o 33% microspheres. The properties of the sinulsied
lung materjal are shown in Gigure 3 and in Table 2.

Bane Tisaue

Bone material is A vy inbomorensous structare, conlainang pares of difterent

diclewiric properties.

The data found i lierature [Foster and Schwan,

1985 Perhip,
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kescarch Council of Canada. The puidance ol T 8. Snechly, who propresd Ong
projeci. is graccfully ackiowledped. The audhers alsa wish i ihank 5. Symes. C.
Sibbald, L. M, Pni, ). Dadkhah, and P Eraichancy bor their belp in preparing (e

samples amd measuring their digleciric properinss.

APPENDIX

Ligt of supplicrs for this project inclwdes: Two Ton Cpesy (Deveon Comp.
Dravrvers, Ma G523 Mall fany grocory Sorch sucrose (granulated e sugan, any
grocory swore); HEC (HALO00G a; BP Chemicals) nr Namogsal 250 HIR (Hercules
Inc., Wilmington, DE 198949, Dowicit 75 {Dow Chemical, Midland, M1 468400,
Micrmpheres (Beospheres 81, Emesson and Cuming, Cantan, MA 20210 K1,
TWELN, n-amyl aleohot, paratiin oil {Sarpent-Welch, Skokue, 11 60077,
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separation of fhe components of the mixtore, and a shore liferime belooe gy anscy o
bacteria prowth, The problens wilh the previons mixmres appeared o be mostly
aswociated will the gelling agent; therslore, a substitule was smght. A campound
used commercially for increasing the viscosity of many water based compounds was
found rr he a cxeellent material for oer applicabion. Tlus matcrizl is a noniome water-

sorluble Eo]ymerizing apeiil called hydroxyetheyloellubose (HEC), also known as
Marmoan] ™. This malerial is available in & wide ranse of viscospes and iz casily miwed
with water. Decpuss of the parocular reguirenients of anr project {imewersion of o
frapils probe inlo the material to measure the clectric field), we ncedrd 4 liquid o
serni-liguid form of tissue equivalenl materials. All recipes presented here are for

searti-liguid materials fexcept For vastable bonc) which have viscnsities in t range of

15,000-25,000 mPa. Howsver, by increasing the amount of HEC one can obtain 2
miere zedid form of the materals with the soge eloctrical prapenies.

The other compenents of the muscle material wers sodinm chloride NaCT), w
iacreuse conduectivicy, and sncross we lower the dielectric constane, One olber voapse
nent, a bacicriacide. wis ulso added te prevent breakdown < the palymer by hacterial
agenti. The bocteriacide vsed was Pheaagil 751 (3 chloreallyl)-3. 5, T-wrbwea-1-
aroniaadamantone chloride]. Sucrose is available in the form of cane sugar and is
rnuch cheaper than polycthelene powdan vsed in previeus formulas, See the Appendin
for a list of suppliers. Tuble LA piwes the proporminns by weighl fur each of the
marerials, and Table 2 lists the diclectric constants and 1the conductivies fnmSfend at
several selected frequencics. Figure 1 shows e diedectric constanl and e conductiv-
ity for simulated muscle materiol as welt a: sxpectsd values based on data from
severyl sowrces [, 1985, Stuehly and Stochly, 1980 Foster of o, 18852 Ferhig,
1 Duney el al, 1978), The measvred diclestric constants are sheven s fircles.
erraies depict the measered condoctivities, solid lines present the expected dieleciric
constanr, and dashed lines the conductivity.

Brain Tissue

The proportics of brain rissne [Fostar et af, 1979] are sineilar 10 thasz of skelelal
muszle and the same componenrs are nsad to produes brain cyuivlent materizl. blosl
nf the: brain consists of hoth grey and white matter with grey nuterial having 2 higher

dickooirie constam and conductivity Wan white marter. The formula that is preseoted
here will pive properiies averaged between those of white sl grey matter, The recipe

is presented in Table 1A, and frequency charactoristics are shown in Figure 2 and in
‘Tahle 2.

Lurg Tlasue

The lunps akso have been idenlified as a pact of the human body thir has
properties signifcantly different from skelelaf muscle, I, however, 4 rorplex
structurs that has different properties depending upon whether the lungs are inflated
or deluesd [Surowisc el al. o ess], [0 order fo prowide the best sinutation xn
averape was [@hen ot thess P states.

The basis of the long sitnulation is the same as the skedetal owscle, a5 described
above, but with the addition of hollow silica micraspheres thul range in dipmeser fram
3 LE0 pam witls & wall thickness of about |5 um, This size is of the same order as
the aveoli in e bunan leng. which is in the range of 100-200 um in dismerer. The
skeletal muscle matedal is oxed with the microspheres by volume iw a rativ of 47%
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