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The functioning of natural heart valves is characterized by many

advantages:

1. Minimal regurgitation — This means that the amount of blood
lost upstream as the valve closes is small (5 ml or less).

2. Minimal transvalvular pressure gradient — Natural heart
valves have a low transvalvular pressure gradient as they
present little obstruction to the flow through themselves,
normally less than 16 mmHg. A desirable characteristic of
heart valve prostheses is that their transvalvular pressure
gradient is as small as possible.

3. Non-thrombogenic - As natural heart valves are lined with an
endothelium continuous with the endothelium lining the heart
chambers they are not normally thrombogenic. A desirable
characteristic of heart valve prostheses is that they are non or
minimally thrombogenic.

4. Self-repairing — Although of limited extent compared to well
vascularised tissue (e.g. muscle), the valve leaflets do retain
some capacity for repair due to the presence of regenerative
cells (e.g. fibroblasts) in the connective tissue from which the
leaflets are composed. As the human heart beats
approximately 3.4x109 times during a typical human lifespan
this limited but nevertheless present repair capacity is
critically important. No heart valve prostheses can currently
self-repair but replacement tissues grown using stem cell
technology may eventually offer such capabilities.

5. Non-damaging to blood cells.



*The avmvv\aau\zk-\'c mlw‘o 01[‘ L{)Jmae.m s ~ U3 MH%'T_i ° Ac_lwc.uﬁ, He nomber of o\an'- arcllel {v\clucecl
MQ%ne\-fc RGSOV\O\V\CC, Immaiﬂ Tlus Qe?wmj urmsFemc}s Jo vedio \Crn[vev\dcs“} Sjra\es Jerw\cls on He durakion m[ the RF Iau|sv, (od ﬁ,_)

d

= MRT exomines the W(j"‘ekc f’m/)”k‘s of odomic © 10 e j;ve e no\\/\L crmouw b ok e g o o Pm“’ﬁm, L~ durakon of

_ _ 8.\, |
V\.ur,\ei LR Coan vvxcxlaa {-1- Lm-vv\ \’\M f‘*m“n] J—o {'Ln- Q\Ak - F&w\)d ﬂ[r O‘V‘Gl?« \J'O( ZTTX ( 2 >{:P Hhe RF )mfse,
b Ce,rl—eu;‘/\ w\—ouvdc. vxuclei ( TLLO se WIH/\ QJJ m\-o mic W\ass) s)rcjt ?/o }

1
055 a4 guontomn guant r_o\"eé “spin E Garomaguehic raho
? SSess 7 I’\.\ l‘LZ 3F 'a 3
* Sinee 71 bos chare ava spivy, ;-]» ossesses a smaall Eq anki-pacalle] = -
TA 8 ’ F )’) 5 P P E Ll\ ][L d —n\;S n\qquiow O‘C +lAi V\Q“‘ wna \/\.Q“’l\t n—l’(aw JecS‘JS

Ma@“ek° feld AE=h-4 ! exponenhally = Frequency mduced Jei (F1D)
* The wraquebie held s guakr in prodens (H = goed, €, poralle Plowclls conslount f Iy 177 d

Slnce e (/\.m; o~ loL oﬁ wm@r n our Loclies)

* We cam see ul/ullr \m/ ents wf“« neb  na meL’}a\‘)\"om Nel m&gme“{%c\lﬁow

N LAJ\'\ZV\ Lol aivz HMS —e.www wih a ‘(O\AIO—‘G-QT\)@V\CJ (RI') Fo)sc o\gw ﬂ\P}}tV\ P 3o will
~——n gp = izzz ))) N ‘ \ o}f,_ o RF rusc
A /?4\»} - NaL MQSV\&¥ %OA‘l on

hd I‘/\ ‘“/\L FNSQV\CE oC o~ M&G“e |‘|'c Q‘tlc/, HM. loml-e-ms w://
5!,\,((-1- av\J o\\{am ']‘\MMS&"\ILS Fam”e‘ (/ew ey\um sl«lﬂ-) or am‘lw'-

")MC\“&I ([Aaal/\ -Q.WJJ S“’a\‘e) ‘)b ‘HN_ C‘\/J/?[f(’-J 10&4/ B,

7 é; g T’f% frg

Py IR

'—}_Leve are jﬂ/do \N-GALV\ ossiL{’fﬁL‘es. Or e r&ae\ HA&

A e of o i
e © 2- Component ok M,, (My) or Hre chomge of
(vm QQ}J) i I ) Nel W\&sv\zl‘\"to\kom oy 'Hna sawme : Nel' vvuxguelﬁ'%a}icm 17eerclicJ.xr Jo "_\M' ?—Lowx omev\L o£ ‘&N.‘ (M ¢ 9
il ever sl diechion os He mff]fe_c' Geld B, : e “FP"‘J field Bo — in Hais cose 3 f 7
J &\] (nomber of anlﬂ‘—rw&“’&l stetes : sowevsbere o Hoe "9')"“” - DQCQ” of Ms (TL)

is mea\iaiuz\ |
RF atLtarmor . ~ fz =t LI, | &€ z
frequency will cause ) Steesme s
M to rotate about B, L

\ in rotating frame of
' reference.

X

M. follows an exponential recovery,
recovering towards its equilibrium value

Z'm’g"""s’(uhfl’_'; M, with a time constant T1

equilibﬂ'r:m,\,&,_

* Polous ae vl comple aligued. e in like o , is rotatin
P Jm > P ' U(j \8 ul W/La S/) fL 1?1agnettictfi£d

%mxore withe o ?{uuﬂ \[:47uwc(j - LW“MO" p"!’-7""-"'7 associated with
the RF pulse.
__________ * TLe Lu.vwr A'&?L:WLJ jL
\

O‘l: o Soa 'e, is vec I
me’or\‘."“‘*\}) Yo thee “ff’feczj * Afler C\AG«V\ I\Aj '['lu. \AQL nma N‘izo}(ow queme&v\ L s
V\Ac.avu\-ie Geld 8. (usiwa Hl\e RF };olse> L Juujm,\j lal of —HN_ Fm‘ﬂws LD _J_Le

P
,,,,,,, f’Lqrw‘or cka- ommuz sl—cs\'z, J-Lg rotons er&A» losiw e agown
: L ey f-y.-G. L ing bock bt purelil slek J e

Seec === -
7

0 T1 time time
constant

L. A lo )‘L\ Ae}‘v\
/ <an/v. e,vxera e surround: JS
Gavovvmswesic \er'fc (MH?.-'TJ) U



d T,/'\e l‘iuv\e; c,omsxovvxl TL (T& =" sr;m lo\u’;ce mcovv.vj L‘W\e//)
coun L)c C&\w\o\\d u}"‘/\

£

M, - M(1-&™)

- De,cqa M xy (Tz\

* Time Lov\sLDu/\L T, \Qllws Hz@ Soume IJeo\ as T1

spins moving out
of phase

* time t after
S0P rf pulse

Actual Decay due o T2* relaxation
(including effects of field nhomogeneities)
'Free Induction Decay (FID)
T2 time
constant

T T2* time
constant

° S\‘v\c& M’:’ oyxcl M, are ‘l’iww. < t
WO vw,x'\‘c Qeus, we ccw:\] use F&\’Q«J '3 E@JJ—O
w eaSore I)r ( F_armc\ma: Jﬂvw; c_stfmj Vv\maw; L\‘g Qe/c/s fV\J\)LQ

)
* Recejvox (.oi) > HNL
Some coll vsed do JW&J&

‘H/\E., RF P\JISC

o C,urvemlr W o co{(

-y plane

N D

-

-~

Receiver
Coil

| 8
=

'—”«e icleo_ s ‘I’L\a Ti &ch T> ove quecch
L3 Mraqure amcj visws[ﬁy oﬁ HAL l'fsSuc

= Dillerent fissves woill have diffrend T/, Lires

9F&C[Gc %—Fos/y[.‘om LJ

Longitudinal magnetization recovery (T1)

*_resonant frequenc
vs. position when

frequency range

Signal of RF pulse gradient field is on
.\ i E,
100 % Tissue A f=y(Bp + §,2) ==
issue B
75 % ==
Where:
50 % G, is the gradient constant
25 % - &—y——-' ; ; ;
Z slice-direction
slice corresponding
pulse frequencies
T1i T1 ms Gradient Coils = \
RF Coils f\‘:\ oY % % ' 2 Gradient Cols.
Tissue Ty (ms) T> (ms) - WAl B BRE | | /
— | | | | Main Magnet | \ — =
Cerebrospinal fluid 2,000 1,000 — ‘& & )\ /| | y Gradiont Cots
Fat 160 100 x| y| 2 =
Jrav matter 521 95 | | ‘ Control - . |
Gray matter 520 5 | Elsotionics | Consdle ro ' ' |  Gradient cots
|RF Gradien |
Malignant tumor 800 200 Elactronios ‘ ‘ Amplifiers — AL/
A
Typical edema or infarction 600 150 o r~ - | Ancots
; o b - - A
White matter 380 85

- Sfo.\\‘c\\ Loc&\iscﬁﬁm

’TL\«; /lea\M (s HMJ- i£ we Use o osvxswlt/mj‘ 183 ‘A(’.U
Hmrs«.xa\/\ XrLa LV\"‘;V‘Q Loo{j oand samo/ o RF
k-ol-ov\s o1c HN e.mlfre Loz) ooy

ZL\L\ = (Je L,_sID mol‘ Aa ol
fime for
Ioc a l( so;&—? on

¢ As seein Leg\&, “»e faner
e Laviror ﬂ\r;emc;/ wlh

)

-l—o HN; Rﬁ?l(tt’ \[;"%/c[
E-bh, and LopB = E-hyB.

= IC we creale oo ragune lnb -Geu Dro\cJ(O.v\L ln 1LL~e,

z-directon, Loe cown indoce o net R ratrakion in ome

. I\)M,.J we Coan }mcluce (aw\tl re&cl) o \/\QL MaameL’z&lw‘ow

on o slzec[\a’c z- os?L'ovx

¢ Tlas So{ves 'HI\L
Hw- X\‘)— (:L‘wer.‘-{ws = A o e
X OJ\,\J -HM 9— cLIv“ec‘L"om

aff’:j{MJ hls E-Je}oemdemL RF fu'se.

YOLIEM’I f&f UN; 2- eL‘ch.L‘ov\ .Lu'L M" \Cyr
8V\9.Sn‘c Qzu (jrm:Lem'l' I HAL

U/S&, oJl ‘HM.//
v d (6:4/\/’1— aralle]
cocle sf@.u\[-\’c Foiml- of He Qoz/j (V\o Sfm#a)

of fhe RF 15
N qu—ras{ ‘s fm/zorl-fom&)

4‘ uo(le

Lven

r''w

T2W

¢ MRT is ve usa\(\u/ 1Lv :le\[em[' l’uwac»rs ounJ o‘”v:.r
Swwonra lles, sivce Hu;;z Movw&(fcs 10,\‘:1 Lo La v&rj
ride tn voader condend D ?aoJ onbrast e fle

T./T, .‘Maje,



Loch Magin ‘0.
Racl\o}\om 1 gﬂi &

= Bosic frf\/\ol/g(es of Y&A;&&';GV\ ?Mogfwj

@
M _IV\KSL&L Lacer w(H« rodzation
@ Sense P\NA—DV\ Lmiss i on uwsa_cl Lj Juaﬁ of rodiabon
©) Conshroct fvma(je (onn ol collocted  date

- Tr‘o.ce,r‘- C\Nzwﬁcml com wm}s A w\mLcL one er nre

oo mns \/\wa Leem Y‘L’)lac@«l by « chliofsc‘)-a/?e
Q\—OW\ wa/\ uvL\ljS‘,'aL/e \Aucleous()

o Exam /e: G’ucase_ s \/\’\{LD\LO/E?CJ lo concersos
j'VMI'S- = GluwSL ’fV\LCJ wlr\/\ o~ (& Jﬁ-‘o o\c“\‘ve,
racer wi” vevea] He vav\or\s /ocaJw\W

-~

¢  _. ®=cleckou (ﬂ.ixlduki)
L vy~
l/ l\@\/\ ®= proJ‘—O” (4 / -21L>
\\\ g ’ \\\ . x,U
/’g —/_|_f/°:l\[eu1—rom 2
/ s |

° 5\/\or\— rm(je \/\\)c‘ear w[;wce _L,w.l'\ueem FmL&MS
G\MA V\bujm-oms }\S (-‘o.r rtoJe,r Houn Jalechowxo.(jmeJ{c
Lorce of Nfuls‘ue-m .Le_lweevn Fos[yl-—{ve& c(nay&cl /oyowlows

- p\o\&‘a\'{om L\Aeorjt K J—(x)l)es af ro\clfa_l-{om
1. A\P\’\& V‘QCkOC\'iOV\-' Q\Lc_aa Uik 2QUANSS) 81 o\p

an o= pachcle (%He)
# — & i
SeTh

218
32U

m w -y
= ) X _ L—Zy -+ ;D{

2.1 B\d—a &) radiokon: One vievtron s Jfram\cw—

wed into o Froi'm/\, an electon and a neohmno

o

L& r v eohrine

.Qlea n TS QV\/Ul

Y‘Q\Q&SQCJ cammo-L Lz X /cu‘r/teJ

i 1
oN T P *

] ° _H\e evner(j
e inehc 2nevr of Hie dao — pactcle

— The emera s c_wrr{e_cl L)a ‘H/\l; V\@uj—v%vxo
(zero c_‘/\cur(je, V\e(j}ig(ue mass, Jillco - Lo dedecd

™ w R
= !.X my * 3e + v

2.2 Betal) ro«:l{o\\\\om ¢ Ope Prostx s LﬂM/lS\Q’(WI&(/

b ° Pos}lm\/\ Ae—(ﬁ:\_g - ,-;y-o cL)ceS o. A;qzireml aleml
e Lreonsin e e Nunaber {

;n + ?e + P meuLf[mo

iP s
: L—»PoShL\'*ovv SRA—S ?.V\/\(#Q_J

™ w J—
= | X — Y+ +v

2. Gammnnae rac]i&jr\ov\: Enission of o FL\mLom
oo verz \/\AD\A ‘avxe\rse_l‘ic_ stele

‘ decays (e c\\'n:m or os[Lrw\ ore Mrm&‘(
o‘ccal,\f3 ‘_:‘ﬁ LJ g wMo.P ¢c7 ?

* Followsin B Jécuj, /W\)Jrs/m and vxeul"f(lms \'aS[JRV\a (n
4"«& v\\)c.les«us o [Qu N ‘/\/LJI/\ ner sl'mles

- Phalpwns of anergy ()"mysy are ensilled o achveve
O wnrore er«Lfa C&/\L{é/urkkc‘lf\

% = sz-’—es
excited sch-c

N l/\are. /3(—)

- Mass uw(lrs=

* Gram Ok\-ovvv{c wass (Zvvs‘- \'\)Qﬁa\ml T }rawts
OC an iso-l—o/w, wl/\Ac.l/\ s {7uf'Vk[e_m\(— ‘,\7 ,71'3

&\‘\')I/\/\J:C wNass
— B jm .
~ Hnero. are 6.023x10 atoms 1 oune CjW‘

n 12 -
C > ——— =12%,10% g > wass &

4 (O% x “ g

¢ou3xlo J of carbo(gz 12

. a\—owﬁc wass uw{L (AMU) D naegs Tk jwn

Ot one a-\—O:/wlr_ va(l

iA‘inlO‘n -24
= - = A = (O
AMU 2 L66x | 7/;/\/:

- 616#27‘- Eims%@lm\s Q,?U'Dsl’;om E=wmc?
4 tvxt\rs\a o-[» one oo ¢
E =mc? = i.qulo.—saw\'(,m/lz’s_i — [eﬁa]

= i oA u =

iq i = 10_3 -?.r(jS

ie\/ = iéx [O—‘Ze.w-as
lawmu = i.Q‘lxlO—szaS
= lomu = 331.5 MeV

° Y‘e,le&se,ci Q,v\era(y [V\ oKX - cle,cai- Cov\servosl—{ow
OJ: WA GasSS m/Lcl C«Vltra;
My — My« A = E = Amc’
ETHv] = 3205 Am Tamol ¢
E_xawu\g]?.: ?g‘Ro. i z;;Rn + g‘x
226.025406 amuw = 2 0(7257Y s + 4002603 ame + Nnn

Avv\ = 0.00522% . D E = ig&g AN 1 qg?’Mivl

- Rmclfoo«d—ive clecoya Una fecled b cL\MZ,e o

fermlvre, Pr&gsurc or c‘/\awcal me/‘maliom,

* The roJc 01[ (}ec (A) vemains wms*ﬁm'} w{#\ Me

Sawae valou of J{sivxlejro\koms occw(./\j ,7?-( Umhl 1‘1‘:/\44‘



‘ Hmw' l’ime Tyli Tinne P(?ufft(( Lr hell of
nocles Jaco_j

IN _at

J—t‘—lN = [IN=N, e

3 o Ne_ AT, _ (@ _0.4s3
be Ty = Fonet™ = T, =55~

- POSEL\'OV\—ACC'\"‘OW onnihilbtion: On o S
eca,a, s ns axre enctted  and '\lr:»ve;, (jv.s-,-
ft.uu A fvx\-o \-\/\L s[dvx LJ&CDFQ recowlaim‘w

:A’\,\ N z‘eg*—ron and eww‘l—\r{vj r— ro\gs (amw;‘h{/qﬁl}ﬂ)

ewission of o amilffar‘alle' ’/' .

(IXO") ao.wwvx& rads -—e .,

Gy '\
elecl-mvx - Fos[-‘-ro;/\ -

aku‘lm‘\ o}fon

Yy
-
!

’

Ay

VRS
N

<
7/ \\ /7

o~ 1)

A 4

. \ ’
~_J

LE ~ 511 keV]
.

- IV&S‘\""UMQV\LO\L\‘GVI /GO.MMG_ :wtaa:‘m} - Use
ijMK Jeca? L\af;fw\.‘vy .‘v\s(cja 01[ #v; /9°~1Lléml’5
LoJ; Jro Sconn 'G'r rmalicieus ‘vaworS e,Jrr_.

‘ Sc;vwl-{ ”ouko n When o vmtm"tr[m‘ (05\;&\\ 2inc
Su“'\iclo_ QV\J Socl\‘uw\ foch‘e ) vi\_,{ls o~ {:lasl/\ o Latx'z
tolen ehrucle L} IQN%IV\J m\chal{ov\ ( V- r&a s)

r_rouas 1Cro|/vt ‘H«e, anml«[ oJ—?om /:rocess
amownt of Ila\njr emitkd o= m/w,r(jdu of He FL\MLOVIS

o pl«o-l-owxu“if)){er: Measore fml‘éms[#; owc // hi (é;
T%si%;y\a \l) ond  comvert b on e/u"r{co\% ;M?)U/St

!Sc'mk”ocl{om + lel—uw)# er  gives om/ H/\e ener
of the ;\/\o;tj&y\l P«J{jl—[on ﬁtxmcj Zc ‘v.ig of (7&;
SFuCQ‘c r&wliomuclfcla L;ul wg s &1[\'0»/ fvm(ar-vvra#om-l
Sf)u\{ul wlorwaation acL'ew_o/ wh]—l«\ collmration

o Co"iwxocl'\‘ow! De.viao._ ‘H/u:.]r -c{uLT‘S o sl\*&OLW\ o-c
vous So Hma.—\— Ws“a -HA,ose, J—rauo_({lg ))o\r‘a\”a/ -’—o oo
Sruifie.cl Jireu\%om are o\noth ‘unmu(jl\

Mu”ilr\o‘c c,o”ivvon—or

| Crystal

P{m\r\o )e, o ”{Mo-J-or

| [ Crystal ]

WLHQLN /
Directed

Gamma Rays Light
Photons

Photons Converted

Kidneys -, I ~ fo volts
Image
N d& — o
U= — Position
i\‘ - Electronics
Collimator Sodium Photomultiplier Display Qutput
lodide Tubes
Crystal

— Error Sources Fosi-lmm 2. SS1oMn Lowodmfty

lrve intidence Sca”'er(vﬁ process
e ™~

’- = -
’ /“\ IJ@.&\ ’ \
' '
I ° ‘I I o ”'/‘I
‘L/ 1 P
\ ’f \/ ’f
\ \
\-._ﬂf \-. a’

SemmJo:‘ri ELoJ-on

/ / N ’ AN
U o A ‘ WA
] I ] ‘\ I
1 1 o\
\ * ! \ / ’
/
R .

[ - -

L, noba big oroblews Wo con just oo
Hus readin , Siwce %jui ore wullions L\g\)f/oew‘wj)j

eacle second



R&Jioz{) ro.p Lic -Svmcq g
I U

J
- E&\'&x‘mo\ll rotlucec( Y‘C&Jio\x—;ov\ assin ‘H'\foq l’\
sr(ssm’. is usEA F)ro 3&\/\6\"\]& (W\«aes}.D j (B

- \hjfll'lem- Kovmme R;\A en: X-Ra s
4 Lwa\,\ vo(l&;ja genere.

AVINEVIVIT YN L)L)L

Lsg wl’/ QFF)'QJ across oo

. Q&Aio};ow indvced s visvolized on o p[ue.rcsgeml'
SRR

- X- Ra.l.b Tu&)e.

Electrons are
accelerated by high
voltage.

lJh Ua — .
O C
+

O

Wou

Heat filament

(Cathode) emits < ; X-rays are produced
electrons by ,-" £ i ie—" when high speed
thermionic emission X - : 4 electrons hit the
metal target.
ghas ‘“""""“ff_..--‘ e .‘A-Rortqmsmhlubg X-ray Continuum Radiation

T, als Bremastrablung

(Brehmsstrahlung)

{ Atombile |

Rontgenstrahlung
als charakteristische Strahbung

Wavelength (nm)

* —val'erc_‘-ovv\ic -emewﬁj ‘Ll‘ou/\s E&r

Ep (eV)
o
My 5 (3d)
Mpa@p) — @ 7 L
M : K
1 (3s) 122 a
%‘ Characteristic
S 2 x-rays
LyCPy—@—————— 3 & K
Lo (@pypo) 952 2 B X-rays from a
z molybdenum
Ly (2s) 097 e} target at 35 kV
Ka1 Koz Kg
l l l 02 04 06 08 10 12
K (1s) se7e Wavelength (nm)

- Plnasics o£ X-Rq S

transmitted
% ; scattered

SOURCE DETECTOR
b Ro.v(-]s Qe s‘ca.‘HerO-J wL\eV\ \N(”’tnf\(j H’\L OLJELI
* Co”iuv\e.to! Fllees Smuml ra:js
Collimator Collimator
L
Ee——= 3k I DETECTOR

. RV' u/\e_ 1wlbmsil>1 on HN. Jelu.l's(

-ml
—‘de’ - -I"e/k =

'/u. = |Iu\ear oﬁ“‘e\ﬂum‘ov\
l'\omogemeaus VO — L\owuoaemec)us

T-T,eM 1-1, Sk
et %) 1

\\’ is V\AL DSSEH& k ﬁ\V\QI A” V&Lue_s Of (1\1 U$l‘ L O St
H/\L it ‘k\ i;vxcl Qv\&l iv\lemlees “n L /UULSEJ o J& uogf
\Mﬂ»«oocme ous Wlxer;ml

¢ X—Qqa .\W\AS;V\\B s Lasc_c{ on 'rmas QV\J ‘HNJ. cc.\culaku&

O\L\ﬁnua‘\:\ow
* Autvxuo.kr;ov‘ e\z (.y\o‘s ou 1[-[,\4 ner

op HN; UXQJ v‘w(ljs,

sivxu l’\»mrt are \MQVLJ eL\CEJM{- f'm*O cls ‘/\o.ffonfvxj

&
Phatoeffekt Comptoneffekt

100 et
s 184 pQCT
Aluminum — e
] —  Muscle
E tans. Fat
- 154
w H
£ ‘:
§ Voo wed
E o Y pholocleckic effec
| N
[ b
% - M. |acT
I e -
0001 Lsssin N CRTRTTENL FRUTT IR T T, | —
DOTisaeBA23441 234070 2340700 50 100 150 keV
Photon Energy MeV

* Au'tmuai-im volues S“‘OJI‘L lo S"'c.Li/fze oc‘ ~ 140 keV
(\,\\lm.r?. mas are JQM\AGAUJ L);J -HM anxfz)em e@c—l)

Tl/\esc are l‘Lw_ ﬁs/\eraits we worL w:llﬁ)



- X‘r&; Qo\clioam’;lﬂ;
* R&A«oamFLj relies wpon J.(—CwemH o\u-emu&\liom o( X-raJS
¢ A(}JV&\/\I‘Q Ls:L
L) l’)'\ ‘/\ NSolu O Qe
L& QPPEJ mc?u:siL"am j
@) Low dose
¢ Disao]vaml—a es

L) No Je’:o”,\ {V\{o\rmkol/\
l:lj D(('\C\’cuu b J&:L‘mau,‘sl« LL‘(‘\NCQV\ V\AQL%OJS owf siw.{lar o’ews;}{j

° Sft/\ce &\CI«;WL mezies NSU” TN cl\mww\f vo»{ues
pe—r oo o.LLeMm\ﬁw, (e Corn WL.‘M [\Ma_atﬁ qux\‘
[J -C-MM u»use, chqu' UM-ra{es

i
{
!
-
it

Soft tissue

> Cow\ru led Towwamrlr\g Measovenant

4 U\Awaw\ei an)c_&’ura_s are vxol- qurw.al Lul’
Y‘O\\'\M o 2D Ivvvxae s TQLOV\SJ!\‘\)C,thJ '{»\‘&‘N‘\ i"l‘S iD
?m\ie_c%oms

< Al m’ccl—iows wec,orclaJ eli {lc\“ Ce« o /es vary
\')L)‘wec\n 0° Y&v\\)cl igoo clesr.\’\' loE. ‘\’\N_z Ac.\—g SQ‘]’ meec/ac/ ‘pm'a j
)r\/we iV\,\c\JQ recons )’r\)dﬂ‘om

- CT Qecomsl'rocsdom
. I]&rk‘-\‘ue Y‘QLOIAS)T\X,‘LROV\ (ARTB : \vv\oﬁe asL‘MaL‘om,

2rroY  minin 2akion

. Dire.ckr rewmstcJ—iom: Bac[cfm\)'cc-l—{om

- Dirv.c,‘- Qe.cows ‘rruckow

¢ Ry usiva o S\/\e owa Loaaun \Qu-tr e cown
8 W 1

Corr U‘A— - \i

lo-; p\woj fwme e (ivxs -l-ec_n( o r Jgreg-,—
Lacl( Fmdtc l’ivv\

—et.
Corected
Image

(—V Direc‘- F{N-&racl ‘-)

- e sew on
_IMn.ae R f)rt \'Q-k
¢ Aflec nuws\-wr.'—fom an ivv\o\ﬁe. re})ycsav\l's o mo\l—\"'\x

oc \\'vxear QHQWU&\‘iQm meéﬁqwk

° Vo.lueﬁ are V\O\rwua”:] SLoLum (n “oumsﬁlu UmiJ's (HU)
ROJ\S_ ‘C‘f’ov"\ 'M)OO (mr\ \o +3000 (Com}ac\ck- L)one) ‘——)

BONE
100!!1
60 BLOOD LIVER
SPLEEN  KIDNEY HEART TR
40 PANCR.  suPREN. INTEST.  BLADDER
Rany CAPSULE
0
- 100 N Normalized to walter
MAMMA
-200 "
- 400 FAT Houndsfield Units (HU)
LUNG
- 1000
AR
HU
r S}V\S\e -chaunne| Y-s molk - chasnel
st __istScan 2‘“’
1, ! o mem
an ) el
'\\.‘é) i 1L %ﬂ 5

s—4

mi -’-rwnsla.\\'om + NL&‘fOV\ 7

gl T GE

R T
|

Array of Datectors



5 th

Focus Coil
Deflection
Coil

no w\oviu\J j)m Srs



R ) peuec\cq‘ wones - ALSO“ L‘OV\

DEQ\(}V\OSLC U"LYOSO\NAOI IMQ:‘);V%L I‘:\.A]u“'d;ch:“[\;‘\.l\u 5 ¢ P&\'L o‘c H/\e Uu-rzxsouva wowesS ore oJosorLe.J
o This \Mmsore.cj i 48

A\osarr#‘ovn = D(]Cr%

> Viexo Elecl—v{c Cr sl—o\\ US beamiine, ,
‘ Ba sw\LCLiva e vn”o\ja O\f/Dl‘a(J 71L¢ Ficzo e{em-l caun 3

Conlracl— or exf&no’
OL=ol>sar}>L‘ow c‘aem‘cieml JB'MHfiam-l

£ = Q—uivevu? MHa2
)/ = %XPOMQV\‘L 0£ ower \o.vu (V\ormm”a 13
z = c[ef))rl/\ oL )nme er\-\‘ovx am

|

=8
-l -
-l -
-l -

sith m Material A (dB/MHz/cm)
" Air 160
1 11 Blood 0.2
) ® ASSU\ATLV\B H\a wawe (S ’)xfo Qakjﬂwém@w,“ VWA%‘L\ Bone, cortical 6.9
* XL is m\s:: SQV\S(LVL l—o V\AaCL\aw’cc\\ rerl’ur‘o&l{om Q‘AAJWSLZ? KMFQQJDMCQ ZL LO = ovme Ol wl#ﬂ QC@’US)!'\C Brain 0.6
= Ca-m m\so L)( uSth \o V‘ED\J \/ilprc\homs (nl: “Nz re‘”ecleo/ IMFQ anee z TF’ {* RF Fat 048
(,\)we,s) r Liver 0.5
RF = Lt TF - l2. Marrow 0.5
- Acsoshe -X.M))chamct Zy+ &y ot 2y Muscle 1.09
* ULV‘&SOUV\J Loves o e;J-L\ax- be N,S—\e c.leJ, LfmsM\UuJ Tendon 4.7
or olsorbed * 3 inlereshing cases Soft tissue (average) 0.54
* Eve,r\a S\;le-t)«mca (L—L, vvuusr.[e al—cB \/\as [ Uvu[7uQ })/U/)Lr‘y (,\ A ;[;eg Aouno/c\;/v (Le L;ov\L -}-o Qir) zi zl Watef 0-0022
CA-“QJ &cws;'ic a QJA-V\C
f € 2,0 = RF=-1, TF=0 ; ——)
u eljjw_)sl'\'l:;:\,\?ejiajmce cle;ll’zrvmv‘lf ‘HNL Fhf&r%m 01[\ wooses LL) A wa 7[(;‘“/ éour\ola;/ (LC Lome lo Lome) ‘ é‘r - Dor[)'e( E‘Ccec‘\'
verlec or swatlre 2,-2, = RF=0, TF-1 R — * The voome H«c\l— boonces oﬂ: o oLJecL vvvovivxj lowarcls
Me ))m Lxe o I have o L\&S],\o.r -pm_?uat/\c

W) B v u/ éaw.c/ar (L'.e. ar ‘lo Lome) j
j i (av\é WAV i aw \[;mW\ Hv. roue w.‘ll L\QA/L o /ower- -at vewc )
2,>oo= RF =14, TF=2 J K 4 7

—_— —
\ Frrm rrram Illu TEEIEEEm e m -
- Snell's Law Monng et

V‘Q“cf_\'i on
/

JCI8s Muscle * Acoushe mpedance r obliue waves A
illlllllllll ﬁﬂu. eihodten 'll RINEENINEE ||.-'

. X\— \s AQleMV\LJ L{J 'HN_ Pm?maqkw s/-»eec] cw\o/ Jmsﬁ? . "‘ L Cﬂ ' Q_‘
J/!;/\Sfl\a wells Law 219 _ 2, L\i%\l\ef 70€.V\c3 ower 7WMCZ
_ ! Pl Fm’)oﬂa;‘fuv’ S‘M(Q:\ _ Q1 - COS(eb ° TAis t’.{'n’,cl (ST Le USUJ "'o c.o.\wloJ—e. sfeecl amJ
— Z = /O CP SP?“J S\“"(Qa ) C. 2 o, 22 J?rcc‘kon o‘: o~ novin oLU'zc.l (/iLa L/m/ [/M)
wnpe dance e—1 z8, cos(8) J
* Ulhcasound  wawes cross Grom one kissue l—o He wxl/ each
w{“'\&o\ A\(Ln,.,\l w_ou;Lb iw\FecJomce l7~"\cJ co‘\CLx weﬂeclf.,;j cj‘qeralml
Fm')erl\'th 0(—\ HAA ave LQJ( RF _ 22191 - 21,91 F _ Zz,e2 v .f}) :f;.' 2 i COSQ
° M\J”ﬁ"),c NQKECL_J wowes NL.NV\ }m ‘HN; /mé& o\va 'H'll B Zwt + 2"% T N 21.91*22,9: C[]

],vxacl/vlvxe Uses Hms fmﬁorma_‘l-(om l—o J,;sflo.(j an (wn axae
hrnga"‘#"‘j Hee QL-‘Q;"’Q"“_ kissoes ¢, sound speed of intervening medium



