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Compression

Equilibrium
no surface charge

Expansion
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Coaxial cable

Electrodes

To ultrasound transmitter/receiver

. Transducer housing

_- Acoustic absorber

_~ Backing block

. Piezoelectric crystal
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— Pulse echo mode
;,gg * A& F 4 0.1-500 MHz
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Acoustic Impedance (4p ¥t i8) £ A%

1.48 1484 (m/sec)
1.61 1550
1.62 1550
1.38 1450
1.65 1570
1.62 1560
6.0 3360
17.0 6420
0.0004 343
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15 of 138




16 of 138




AR ARG R

Amplitude (A) mode
Brightness (B) mode
Motion (M) mode

Color Doppler = /i ip| 2
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A Mode & 5 & 2 ik

H oo g A S ok
BfcF Sk g S e
F b 5 B 3R T A

- AR, = - AR
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A Mode Ultrasound
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B Mode Ultrasound & 1@

A mode R EIpiE 5 R R
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B Mode Ultrasound & 1@

Transducer elements

. Duration

Repetition

Period P _ s Field of View

Ultrasound

pulse lesten for echoas

100 150 # O Time, jsec

. 11.55 15.4 i J8.5 [Range, cm

Linear or curvi-linear #F gy

beam
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B Mode Ultrasound

2:46:29 pm
V3e 42Hz

BGLE  180mm

Adult Heart
Pwr= 0dE MiI=1.0

B0dB S1/+1/1/4
Gain= -3dB aA=4

"HR=146bpm

B T T RO SR
e s S i R
ol ae o S :

Apical 4 Chamber
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B Mode ## fa

B SRR =2 X R A
— 40 cm ~ 0.5 msec

— ME T ~ 1/16 sec

3 & + & _real time imaging
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Real Time Imaging £ & %+

Interactive (- & 5 — F # #)
AR | B3 A B TS B e &

\{' Ui PO Y >
X BE @S
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M Mode 42 5 & 2 1%

8o mitAzd gk + AR KA
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M Mode Ultrasound
E" |
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Color Doppler Ultrasound

FiI* B BT R AR
- A i R ARALE S (L R)
— B3R AR T

28 of 138




A ZE &/ o N )

29 of 138




Doppler Ultrasound

IC10V5
8.5MHz

Color Doppler
Left Pulmonary Veins
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B B 353 R ER body-
type dependent image quality
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TS A

Magnetic Resonance
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FARS

- BAIZH MRl 3 F At®
FraEgHFe (5 4)
—HFEBF AN FLEE

BHIRIFH S AN FFEP AT
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PRI 7R %

Nuclear magnetic resonance

A2k E ?ﬁ‘ﬂ"%%?/%‘ﬁ‘}
R i AR (1040

— RF R = AR (BAAE)
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AN 3 RS+ kR

K (H0) ~ P97 ~ Fev .
& 18 25 ek 33 2x6x 1028

A
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TIRALE R+ P

4 )’iﬁ»% & oh Se B30

Bloch & Purcell : ¢F 4 2 318 P ¥
=+ %2 221t (1952 Nobel prize)
MRI el 21 B 2 — | BE4H
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MRI A2 5 %8 7 248 F T B
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REWE L R R
-

GE Signha 1.5 Tesla
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Ernst . Pulsed & FT-NMR (1992

Nobel prize)
MRI engk &1 B 2 = @ &4 S
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]

— Faraday’s law

8 % M iFEH = excitation

R EE S 3 ;8 = detection
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R~ P = Y e
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7 (FdER 4 35l)
Flee il A2 2 sk

44 of 138




45 of 138




46 of 138




S il

B~ ¢ (Larmor equation)
—o (B F) =7y (* ¥ ¥ #) Bo (&)
/@"ol‘i‘%‘/’:@_ — }O:E‘\} '“'éi /;::..

63.87 MHz @ 1.5 Tesla
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ded M 242 Bo 237 T {7

M #-3% BO %t (Bl i@ 0 1)
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e 13 R

— B BT AR -
15T 3 B35 § § 5 1 A WE
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MRI ¥ chfz 5y (BL: it #3)

X o= g 3 PR F (£ 3R)
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B PR BTRE P

§ k5 PR 4% e (63.87 MH2)
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R EeH- Bl X =
— 12 Larmor freq *ziE (RF)
— B3> e B A S BO
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MRI ¥ chfz 5y (BL: it #3)

X o= g 3 PR F (£ 3R)
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M %7 Bo & Bl th € fr
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B AR T o~ S
— R S SESSLE N

— % Larmor freq # B 3 & »<
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# wm A B (Surface Colls)

o -

3" 5 5°x11” lumbar
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\{‘ Free Induction Decay (FID)

e s

Spectrum (3'P)

I

0 -10 -20
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1-D B#-31 % f#17 & Piré & R4 3

PE1t

EADP P
e F

=S =10 —15 —20
TXTrm

= RSz £
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2-D H COSY & & =43~ b
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P ST
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e P fit 4

NMR A * %1% v B 454 17

64 of 138




B3k B L2 El? P

2

o
Lauterbur : 1 B M-8 L > A %
ki # ehi= % (2003 Nobel prize)
MRI sl A 1 B 2 = @ # & 51 [
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BB SRBER & B R SAET W F

Z gradient coill
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EHMEFEE - 7

[E7% o) SETEE - 3
— Bl #2334 & = Larmor freq
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Transaxial

Coronal
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— AL R alray processor
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Pulse sequence (*% fir 5 71)
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# & i 2 (Gradient Echo)
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E4E 0 Axial 27 m
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oA B %)

S X R PE PR AR iR
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# & i 2 (Gradient Echo) = &%
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,}-r [ﬁé % m/{/‘l"

NMR #£ % K 1% 3%
"tﬁ,%' ]:‘%{ﬂ i CT h2EiE
B ER Y 2D & = jiiitrﬁ-'
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B AN G

AT K eRBFEELTEA R 2
Damadian ;. B e £ R I FR
5 % IR % (relaxation)

MRI eng & 7 % 1 5 gt
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A E R (glioma) T1- & T2- v £ & i
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*f % L) /{/T

ReE R R A TR
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P2 e TR R B I chview

— Transaxial ~ coronal -~ sagittal ~
HIAER ~ 5 ARG
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Sagittal

Coronal
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7 B L B4 (recumbent)  ® * (weight bearing)
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$H 4 fe 4 A4 v

£
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e s e (brain)

~T1-~T2- %3 %R ..
— 2 CT#R K7 ey 3t
)l aE=d g;ajﬁﬁ'&ié‘é 4
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it en MRI 22 %% (hemorrhage)
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CETRERF &

F kR ERR MRS H
MRI & B254i% % & 2 A HF &
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* m R E'L 7] (phased-array coil)
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* m R E'L 7] (phased-array coil)

Spine phased array
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Spine Phased Array % & 22 %
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2-sec IR preparation + instant scan
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122

Pe vy PR dga i (myelination) s MRI

2D TrueFISP (1 sec scan)
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R

«+® In utero MRI £ Histology

. -
IWmaturetortex
Intermediate zone
Row of migrating neurons
Germinal matrix

22 weeks gestation
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247 R a2 (<0.2 mm)

inferior sagittal sinus

posterior pericallosal vein

fornix

epithalamic vein with
tributaries

superior vermian vein

precentral cerebellar vein

mamillary body

"3k sagittal slice en— R i> (8 Tesla)
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AR R k= (25 um)

Rat kidney (7 Tesla)
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=7 MRA
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7 £ & i* & (Multiple Sclerosis)

Pre-Contrast Post-Contrast
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£ 3% B R4 CSF 5 (FLAIR)
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3D Time-Of-Flight MRA
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‘\_“ ‘\_“ »

[PMBET I ¥ 7% reversed flow)

SVC flow

cardiac phase

SVC flow profile in one cardiac cycle
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Stroke
2.5 hours
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‘B R (=R R 1)

Cortical surface

Cortical inflation
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amateur

corrected p-value 0.05

corrected p-value 0.05 |
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Sagittal

Coronal
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MRI 8% th? > & B IR il

— Chemical shift imaging (CSI)

A +#a + R =FE LD E?
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Lac
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ikt Yo it 4

NMR * % &7 ¥
ERLEE R

Fo 30 23 1 47 7 pb
e SR &
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AN LAY & N S S
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Case by Case

f xgl it (calcification) ?
RVER R NT 7
* H R e 7
L H %?ﬁﬂ%ﬁl L el
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T BRFELGL

$: PET>MRI>CT>X % > US
F-RPBE? ik h ?

136 of 138




Mould RF, A century of X-rays and radioactivity in medicine: with
emphasis on photographic records of the early years. Institute of
Physics Publishing, Bristol, UK, 1993.

Bushberg JT et al., The essential physics of medical imaging, 2nd
Ed. Williams & Wilkins, Baltimore, MA, 2001.

Bernier DR et al.(ed), Nuclear medicine: technology and
techniques, 4th Ed. Mosby, St. Louis, Missouri, 1997.

Donohoe KJ et al., Teaching atlas of nuclear medicine. Thieme,
New York, NY, 2000.

Ultrasound imaging materials courtesy of Prof. Li Pai-Chi.

Magnetic resonance imaging materials from my own course
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