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X-ray medical imaging started just 100 years ago in Wilhelm Conrad Roentgen’s laboratory.
This century has witnessed the refinement of the X-ray tube, development of the automatic film
processor, the image intensifier, nuclear medicine (NM) and ultrasound (US) imaging technology,
computed tomography (CT), magnetic resonance imaging (MRI), direct digital radiography, and
imaging management tools. All these developments have been made possible through a close col-
laboration among academic institutions, medical imaging manufacturers, and the health care

industry.

First, a need is generated in the health care industry for a better diagnostic tool for certain
disease categories. Collaborating with health care physicians, academic institution researchers
contribute original medical imaging concepts and prototype devices. The institutions also provide
a breeding ground for the next generation researchers, physicians, physicists, and engineers. The
private industry recruits the trained talents from the institutions and carries the concepts and proto-
types to fruitful instrumentation for clinical use. Physicians in the health care industry test the
innovative medical imaging devices to improve their diagnostic capability. The cumulative result
is a better health care delivery system benefiting the welfare of patients. Through this close-knit
cycle, information dissemination to all parties is vital for the continuous advancement of medical

imaging. Dr. Chuang’s book will fill in the need for this purpose.

Dr. Chuang’s past experience as a medical imaging physicist with extensive research and
development contributions in imaging signal-to-noise evaluation, CT, NM, 3-D imaging, and

PACS provide him the impetus to author such an excellent imaging physics book.

The Physics of Medical Imaging consists of 30 chapters, covering the complete spectral in
radiologic imaging including X-ray generation, radiography, thermography, angiography, mam-
mography, CT, US, NM, MRI, and PACS. This book should serve as a text for the university

senior and graduate level as well as a professional reference.
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X ﬁﬁ (X-Ray Machine)

1.0 & e

{18954 11 A 8 HIEEIR}EE S i 25 (Roentgen) FEIRIHE v i/ vi 145 (Crookes tube) ([&] 1-
1) FH—HEELSRPSER - CEAEEYRENIGRET) > MBEE XS > BB X o X SR
) A AR A FH RS B 2 W R VRl I - 5550 Bl R 6l 1| B s Bt BT A AR 1 o BRI v o
TEAGEATFTAP & EZE » g RS SR ERE IR - AT LA EE F IR 6
—E > AR SEFERIEIE o 7F 1896 FERFR2 Mk CAS/ERLFAR (cup) LAFIFA T 7195
o 1899 HE Y A3 B/ CAS & FI| FHFLYERE (aperture diaphragm) ZRIBBREEBE (focal spot) 74t
FEAHVERST ¢ [FIIRE L R BEARIBE XOLE IR » nTE R RS AL - &R A2 1 iRET
5 o BIFHEARAMERK THEES (filter) IR > 322 H ERSCERRITNE » —i%AH
(SR A ik L (shocking proof) SEEHIE 1919414 (Waite) 19 X 6H% o FR1E A BE £
2 XU R EBIRHER R VL2 (Coolidge) /21913 TR 3 AR S Bt (18 1-2) > J&
{16 Rk B (B 2% > EE - FH PR MR A RS SRR ZE A o MERERY - RN E 22 R VL2
Z T ARER IO iy EEEE R 35 -

iR
(L

S 1-1 -]
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(a)

(b)

(a) ISR (b) BWFTBHI X HES

[ 1-3 4@ H XU R A8 £ B8 o XOLE R E NI E A U R 77 5 #6882
FAARHEH X et R 58 » #4F A\ B R XOUAT TR AU E IR ~ iR A BT IeR  EiRsEE
PR XOCEFTRAVE T RNEE T EMR o G 3% 28 2 F AR AR 5 oA/ |\ e BEEE 1) 4
B EIEERY ~ HEEES (collimator) ~ [EISERE (cylinder) 35 » A5 — B3 FHIEREA -

sl

X HAEVEA RS
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1 -1 X 2 ’E (x"Ray TUbe) i ."' -(",%ﬁ,f:ld_»*a ot . K

—@AXXE (& 1-4) °]5r 5 TIEMEE S (1) BB (cathode) » (2) F5#R » (3) NEE
8% » K (4) ' E(housing) °

|

T R— @& | |
BB e
X3
|
X &

1.1-1 | FE1& (cathode)

P i = B ) — A& R E B SR > KSR H 5 R b BRSO &k — 1k » X
REWMEVERKELEF o ESBZENT » i FaRINEMGE » Hra teE RIS SRE
RIRErIEEBR A EE EPkEmEtEG o tAEMTEER @2 LA 95 (thermionic emis-
sion) ° TR BEE - FIELMOIRE - EBREPTEERY =[BT (space charge) ° J8LEEE
il GBS L R EE L E R B R - B E FRERAR: - &8 R & a e
MmAGaER s> B -FRA1 Bl % » B LUE 5@ n2E B SR AR - BRI & AEGERG L (]
{1 (electron equilibrium) HIARRE » NN A AR E B H 2 RE S B EEE LM A€ -

S (filament) S BIERIE (coil) » LIEAREE S ELEEF - EBHRERIM
2 o Al FE AR VUEE R E MZR s BREAX - RIRRERRE M - mEEE - 8B H
% BN BRG R FT AL XOEFthili% - IRZ% & BEL AT 2K ERR R - R
i3 (tungsten) #H A IR EHIRERL (3370°C) » M/ NS e wT 4F R A BT Y 7 2 R 1
EH B HAAERE S o SHFHRTIEISFIR 0.2 mm » SEFEERR | ecmEIER 0.2 ecm FUHREE - 3544
—ARENEAE] 2200 C /AT » A Al &5 e SR EAE 1
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BRI SR b o SR RIPER) ARYEE o B {6 R G T i sk
KHVEFE » FEMRICEG RIS - a2 [ O A 2 (8 B At — B » 124 A s Y i
Fe o —{BEH A PRI SE A9 XOCHHE » & 2 80 A R RRIT RS o SR IR BRG] &
AR KIRE o Al 1-5 Ffrs o 85 EE A (focus cup) YR BRAERF/E LLRERRF{RI /K F -
FEEEIGHIER » B G EERY 7 R o B2 (R ) SEI3558 L5 A pi i) 5 58
HIGE » G R ERE R DIEE FEZG 80t B e E R - PHI-E R GER - K
FEAR tha] HACIBHRR o AL XU BRI G [ BE RIS b o Kt T {F B3R5 LA
et IBHARE - MU E IR 645 (grid-control tube) » 52 5% 22 S BHRBHY 15 6l 55 B 5
(cinefluorography) BRI IRFfETMRET AR 2 JE 5 A BB -

iR R L R A1 > TRARHIR/ NI » #RRETR E B T 25 MR 5 A i B AR B (focal
spot) FR/|N o SEBEEDER R SVE R BIER R  sBH XOUE AV s s, - ke
TEEEIRARIED 5 MU AR £/ N FEBE » TE7 SE MR EE B2 IRE ] o WA AR R 0
SRERAER R IE] 887 > FE BRI EIRE A S A 1

=,

Y&t LER

RELDET ST AROIEIR

1.1-2 | BR43H (Anode)

U EH B AREE > MR T EF5 R o &y S iU EFE B sl (target) o HirK
H0 oy B RE &2 LB A ERA AR IR - #9768 1% W T G 5F6E | bk X Ot - B B2 &E
FHEEE > KRG IR /N (pit) » 1828/ NTUHIIN X ERIEUH » HARZ a1 1mEfE {1 )1]
S 4L (useful beam) B 77 [ » ek X E5EELIRD -
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HS A AR BHE K - GBOREH - LT SR (BRI 571
TEREERE b ) LUE NSRS B a6 o0 GHR - (R R HEBE SE & i X L RAARAY A~ fif 85t
(unsharpness) °

FR IR LE B (Line Focus Principle)

A5 FF /6 10 L ST RO B BRI o 401 SR 4 0T 1L 70 A 7 A0 e — 1
(18 1-6(a)) » S T-HFTEISE A B CRIRIME - + 45 AC [ FEIBRAEEEE 5 T bl 77
AR HIATRISEBES b + o= £ (E LR T 1% -

b=ACsiné (1-1)

38 SE AR Y LE 5P (line focus principle) © 415 AC &€ » HIBEE A 6 19K »
B EsEtha# K o AR (A0 BB ER 138/ » &n] LGE B i K

(a)

BREN

(d)

f

N BRRMERRREEARTR
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BA RS NRBRAAT IR o FARERD/]N o AERER A KRRV FELES - [RIRFtha/ NE BRI 1E A - {H
TR IIEI M  (heel effect) » AT LA EEASRETE 6-15° ] 45 LLRms A& TR 155 Ma {85} 4
(&l 1-6(d)) » KRAKRE—itad - /NAERER AR ENME R (%260 \WER
KHIENE &) » 1/ BERORABRSURE 52 B v )/ NI ET (field size) 2K 5EflR <

[#] 52 B5 Mz (Stationary Anode)

|15 [55 ki (stationary anode) ([& 1-4) ;e —{EEIEA (£J2-3 mm/E) HRAE—{E KR
FBE 2 o AT R BB AERIL » A 1% R BEALEL X Ot - HERAYHE & &6 pk 24
AE » HEEGMRATIRIL » B LA e R IE B S (3370 °C) USRS HEAYBHARM Bl » SR00 5 —{EIT
T EMEFFE (Z = 74) & » AJUEARNES Xt o (HEHUAE (B RAFH)EE2EE »
it LLE 2078 B S5 & 7E — €8 » FI A KSR 88 2 B BB LADME i Al o S i 15 Bk 1 AN /&
(1070°C) » —ZRHEGT T 85 SRELAIIRE AT _EF 1000 °C /45 » S iEsFsRmi b o K e HE A o fg
S PR RIR 2 - RERE(F— LA E DA BRI B 1 -

[BIRE1-1) EEXIREES - (FFAEEAS100 kVp? » BAA 100 mA » R 2DHVIREISR] -
EBIBEE/R500 g & IKIEBENREEAR 30 cm? - RAEEB—XBEI% » EEFREHS
2/ 7 LEER (a) AEBEEDMEREBE - K& (b) BRERASZBMIRIEREHEERMED
EXRE N1 mmEEER -
(B8] SBEEANHEREE (BH) —EBXERXY
= 100,000 X 0.10 X 2
= 20,000 J = 4,800 Cal

SRR RS 19.3 g/em® o FLENES 0.03 cal/g°C o

(a) B MAYEAA B £% 500 g X 0.03 cal/g’C =15 cal /°C ©
Rt & F 5 4,800/15 =320°C ©

(b) HHEERHEFRE 2 E & =30 cm?> X 1 mm X 19.3 g/lem’ =58 g
IR EF 5= 4,800/(58 X 0.03)=2760C °

Im_"lJ'IS flj;(il{nl iting Anode)

H XOUHE BT - Ban fedd o] DUE N E SRy A miE (& 1-7(b)) > EESm S
R o B PLEFR B A N fig e Iy B 1 P 4 M@ () R T A - Ak W RISE i 5 Bt (rotating

'XHRGBEMAREME » BARE — %R B WRBAE -
kVp (peak kilo voltage) & WA 1K & B 4289 % TR -
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anode) ([@1-7) W{EEL o (RN A/NVE 14 mm? (£ 7 mm » H2 mm) (8 FEEMH
75 HAPEE 40 mm o HIfeiEiF fEBEAERG M IRk — () =R 55 251 mm A91REE » Kt 1A
FRHE RS SL RS 1757 (=7 X 251) mm? - gt 2R EERIOmFENE N 1 125 1% - (H2a 501
PRI R o

TR KR e 7 8l 1) /2 8 FHIBIRRAE CE /Y15 [ (stator) FREEIZE A NES PR - JE(ERIS
{ERL [+ (rotor) HURRPEIRE BRI » LAFR (L Eh ) GE G M el o S8 fed Ko i i i ) o 2 1y i
5788 30004 (rpm) DAL o fEdEE AR o AT — BTS2 B ) 0 [SIRERE A T S
M o AT T A AR 77 SRR AR (1) #EREEGARET I (stem) > LAV NS RARITE T » 81 (2)
(i F % EE 5/ N £ (molybdenum) (3% 10.2 g/em®) TE#H » WESEG MY E & - i HEHE
EH M ~ SIER 0 ARBVEEERE (R EVER H S MR R R 1 Sl ) SRR o

(b)

FHRA B R ~ HEGIRR TR » (E SR MR A T B alER IR H R - i B M2 2
FEZRG G AMER & RIBLRHE LRSS AN E R o R R KNSRI IR — K & &
R T SRR S o B BT KEBERA 90% $8 5& 10% #4 (rhenium > —fHEAK &
RRWESE) (WEE > CHAMIBIERAIGME A ZHR T2 THBSEERS -

H AT Al SREF R AR & S IR B SRR ORHR 73 W B SR A F 2R S
BE G R B AN - S B REH B 2 XOLE (406 R e A R e a4
(angiography) ) FEHAH - w Al AIKEE B A TR



