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Fig. 1 The charged nuclews rotatin
with angular frequency (m= 21ru§
creates a magnetic field Bandise- | -
quivalent to 4 small bar magnet |~
whose axis is coincident with the
spin rotation axis.

Fig. 2a In the absence of a magnetic

field, spins are randomly criented.

I EBERSTHEFIE
ERT IS - SEERAEE ( magnetic dipole ) 2TRARIHES] ( ran-
dom distributed ) » EHEEYEE LK BEHITAMYE (21 Fig.2a) o8
REMEMLT —ENES  ESLUBERNREFERNER a8 —1
g5l B - SR TRE - ETHURERRM- ﬁgﬁﬁ@ TS
BRABRHESI AR "‘%ﬁﬁﬁ%ﬁ?ﬂ %“%ﬁﬁi&ﬁﬁﬂﬁﬂ ( 40 °Fig.2b )
o IRRUBHET R BERELE - ﬁm@%ﬁﬁﬁaﬁ - RAEEENE » BRFFER
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B S/ M SRR A 6 1EE ( precession ) - EEBKREBELUE
BB RREIRMENIEER R ( i Fig.3) o EEHE » RIAEH— S IR
Bk NS EEEAEE 2 ST MBS - RANBEISE SR M ekEs -
3% ﬁﬁﬁ“ﬁfﬁﬁﬁ%ﬁﬁ%ﬁﬂ@ﬁﬁﬁﬁzmﬁ%ﬁﬁm ( gyromagnetic ratic
) TENEFEHEETRBEEL (£ Table1) - «
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Spinning
- Motion

I' Gravitation

WERZE

Fig 2b Exposed to a magnetic field of

- strength Bo, each spin of magnetic
~TNOMENT VeCtor can assume two dif- "

ferent orientations, denoted “par. "

allel” (spm up)and “paralle]”{spin
up)and antiparalle]” (spm down), -
respecuveiy

Plg ;3 Spinning top. Gravitation exerts

-'d torque and thus forces the top in-

to a precessional motion. For mag-

netic nuclei, the torque is created

by the interaction of the magnetic

moments with the external mag-
netic field. .

. Larmor MFER ( Larmor relation )
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TABLE 1

relevant nuclei.
Nucleus RQI Relative

Abundance  Sensitivity*
(%) - .
H - 99.98 1
2M 0.015-+ 9.65 x 10~°
18C 111 F 0,016
19F 100 0.830
23Na 100 . 0.093
ap 100 6.6 x 1072
39K -93.1 5.08 x 10~

Magnetic resonance properties of some diagnostically

Magneto-

gyric
Ratlo

{MHz/Tesla)
42.58
6.53
10.71
40.05
11.26

©17.23

1.99

*at constant field for equal number of nuciei

Fig. 4a Assembly of (parallel )spins pre-
cessing at random phase. Note
that the phase angle 6 for each spin
vector is different at a gwen point
in time.

'/,"'? ~ ## ( Resonance )

% 52146 — (B8338 ( radio frequency ) BRLE B, + UEELHFHEBHNS
MR ERS SRUIERENME » ( mﬁﬁﬁgmﬁﬂgﬁmmﬁfﬂﬂﬂﬂmiﬁﬁ
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I - B2 B HE B RSG5 AR F ) ( pertubation )+ SLANFTERALRIAR ©

EEE ﬁﬁiﬁﬁ@él)\ﬁiﬁ%ﬁ%ﬂ@%%ﬁ%%ﬁ o {HE S IEM LR
RUERRELER BREESERREPREURE ﬁﬁ&ﬁ%ﬁﬂ%ﬁ%
BREEPHBERSES » LiSEERE ( Bl Larmor Frequency ) B Rm
TrEE « ERERENBE SR - AR LERE - BERRIIHER
Hio BESARRE o 11k - SRR d RIS R LER BRI -

YRR HBE LR - (40 Fig.52 » HEBUKBELERRE ) » $5H
£ HEFRESWEERS B R/ UEHFA S 8 o BRREBLERTE (

0 Fig.5b) - RIG— f@%t@%?ﬂ%‘fﬁ(m‘)ﬁé& A E®F Larmor
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F:q 4b Ahgmnem of - the individual
magnetic - moments creates a
macroscopic magnetization point-
ing along the axis of the external
field. Note that due to the random
phases, the transverse compo-

" nemis of the individual spins can-
cel out. .

. Fig. 5a Transverse magnetization' is in-
duced by a radio freequency field
B: rotating synchronously with the

' precessing spins.

Y Wi (BEAERALEA S RF MRS X 8 10 Fig.6) - MEFHA
B ERFRFELERENETS - BRKER  TEXSHRABESE
(BEHFRFAE - MFig.78) » K MEMAK=wt * BB w=7B" A’
BUBRMYSEIEN —1 R RF T+ RSN 0 A - 2 0= vBi (10
Fig.6) o Fibl> ﬁﬂ Y 4| RF 898 ( duration bl ﬁ% Bx@ﬁg EE o S
B9 (M4HI RF RIVEMOOEA RF ) - FIE - nw&ﬁﬁr %ﬁ@ﬁf
mmﬁﬁgﬁZMﬁﬁc,,g ) S

£5E RE B E!§§% %%% %%%@mﬁﬁxﬂﬁm%%,
PE  BRSWCSREREHRE XY FHIE - KRRMSEXY FER—



Fig. 5b: If the duratlan of the B field is
sufficient. to nutzre the magnetiza: | .
tion by an angle of 90, 'the entire
magnetization ends up t R
verse plane. ’

about the 2 axis at the nuclear magnetic resonance instrument’s operating
frequency A/ spin system at ethbrmm in §amagnenc field: B. application of

-4 90"(or #/2)Bj pulse:

B B A - E‘J%k*ﬁ%ﬁﬁﬂtﬁ%ﬁ: ﬂ‘ieﬁﬁ%iﬁ&ﬁﬁiﬁéé&

HES (AC TS ) - k- &mﬁﬁﬁ}}(‘fﬁﬁi@mfﬁﬂﬂﬁﬁ(ﬁﬂ‘ ‘

Fig.9) o
HEL SRR XY @E%@ﬁﬁﬁ%ﬁfﬂiﬁﬁﬂ’ VEBEFERKER

#81 Free Induction Decay ( l# FID »Fig.10) ~ EXY TH LONSROER -

DHETRRE T, (Fig.11b ) © B4 - £ 7 B~ SEE e R kiE
ERTHEREZ M, - HERZHHEEEAS T, (W Fig.112) °

/N~ B M ( Relaxation Time )
ERBERERSES  H A aRAAERT 2HEL B NEE - MR E
THREE B SHENSNEECF FHEERSRML > ESEL RF BB
B - It BEPYBRAASBRECRNES SR TREFEERES

" Fig. 6 Rotation of the magnetization M in the rotating coordinate system that rotates -



Tt:_errqal Appilication of Signal Return te thermal
equilibrium . rf epergy detection equlibrium
High o .
| 1111 u 11
e T T LT ! ] T
! i :l:ci:"r:}-‘,:"i:", R 1 Pyl
t ' l=|'l=l'1"|:l=| oot h ! ) o
: I '!':'l"'|"1lll Yoo (] 1 | ] 1 |
! ! .I":‘tl:“”,.,l Yoo | ] [ T
L 1 ) ‘|||l.l,l|||lll|| . gt '.: 1 1 1 : iy
R R AT S HIT T H TR TR
ener - . -
ame TTTTTTTH HAHHAY HHY A R
Spontaneous i Inguced Free induction Relaxation
flipping AT 1Hpping < decay observed

Fig.7 For nuclei (T =1%)in a magnetic field of strength B. at thermal equilibrium,
i.e., unperturbed. there will be inirequent flips ‘of individual nuclear sping be-
tween the two different energy levels. When a radiofrequengy {RF 'pulse with o
appropriate energy is applied, transitions between the two énergy | il be "~
induced. i.e., the nuclear spin system will “resonate " the spin & - abs _
the energy. Following the RF pulse. a signal termed a freeiinduction’ a3
FID can be detected as a result of the voltage induced in the sample b et

gy absorption. Eventyally the.nuclear spin system relaxes to the thermal equi-
librium situation.

Low 1 million 1 mimoh ~

[ ICIRENEREE]
energy — AN
state 90° (7/2) puise :
:;ge':gy MU N YTYTTYTRTTIVITEY 1 mNOn pet bty
il LTI 7 T HTTTT

1 million | 1 AON pe by
v ' AR
180° (7) puise:. ST
IO et ey gy o 2 T million,
T T Y

qﬁéﬁcy pulses on the pg})ulatiéﬁ of nuciear spins
wo million. prorons in:a magnetic-field Bo= 2. 35T s

Fig.8 Effect of 90" and 180°radiofre
in a sample of about t

2L MRRMEBUL - REB—AMAHER - BOTH - EE e
FUREM - BRRMLTHRE M, BIEZRHIEE - TR TR MoBit2
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Fig. 9 Following the RF pulse the .
s transverse rﬁagnetizationpNL., pre- Receiver
cesses around the axis of the ex-’ Coil
ternal field. thereby inducing an
a.c:-signal in-the receiver coil sit-
uated in the transverse plane. e

l{ | . A

L e v

Fig. 10 The free induction decay (FID) is on the left and its Fourier transform (usu-
al frequency spectrum) is on the right.
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~» Exponentia! time constant T,

P 0 (e8]
v ¥ T

0

0 - T, sec

Fig- 11a Spin-lattice relaxation of a group of 2, 000.016 hydrogen nuclei in a magnei-

ic field of strength 2.35 T after saturaiion of the spin system. The time con-
stant is T1 for the exponential relaxation of the spin system toward the value of
16. the population difference for that group of nuclei at thermal equilibrium..

TINPUT
PULSE
(=]
OUTPUT
SIGNAL &

o-
o

TIME TIME

ing to (b). ‘

Fig. 11b {a) A 90" pulse along x” rotates
M from the equilibrium position 10
the 4 axis. (b) M decreases as
magnetic moments dephase. {c¢)
Input signal, a 90° pulse, corre-
sponding to (a). (d) Exponential
free induction decay, correspond-



Fig. 12 In the absence of the field gradient. (Gy=G, =G, =0) both samples sense the

.same field

vthe free induction decay' therefore coiisists of a single frequency
(Fig.a). In the presence of a gradisnt G., the two samples sense different

fields, resulting in &/free induction ‘sigi}gl consisting-of two frequencies(Fig.b)

Fig. 13 Fres induction decay and its fre.
Quency domain analog for a) a sin. ‘
gle frequency:b) two different fre-
‘Quencies- The symbol implies the

are related by a

T Time

=) Erequency

M

the two ‘domains sre
Fourier transférrnation. -




Magnetic ——
Field H z
Vailue

Fig. 14 Selective irradiation. In a mag-

netic field that changes along the z

. axis (2 z gradient). the resonant

frequency also changes in direct

proportion. A narrow band of RF

irradiation excites nuclei in a nar-
row range of z.

Resonant f
Frequency.

\ g

Az

/

Fig. 15 By combining a frequency selec-
Z tive pulse in the presence of a z
radient, excitation can be con-
ined to a slice of thickness &z,

R MR ST ZBREE T.A T, THUBEUTFELARRE

L - 2pT 2T
T, = GO, o amy

L _ —_ T,
T = G(O)y'(biee + bo 5 (w,n}’)



Fig. 16 Scanning patterns in’ the k
plane:
{a) projection reconstruction me-
thod;
(b) line scan meéthod;

(c) Fourier imaging; SRR S

(d} echo planar imaging method' :

(e) modified EPI merhod;

(f) modified projection recon-
struction methed.

19C" pulse

Fig. 17 Gradient switching schem.e in
(a) the EPPI method -and G
(b) the modified EP] method
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- AUEMEEEFE Larmor frequency » Bt BN B AE 4% =
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AL - FERBE I MBI  Fourier Transform: Y &2 'ﬁﬁ“ﬂxﬁ%&‘#mﬁ :
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B. Z#E M BEGHEL R ( 2D Fourier Transformation imaging )
ERMERF 7 -ERE - ﬁﬁﬁﬁ?@?ﬂﬁﬂ%%ﬁtﬁ@iﬁﬁﬁﬁﬁfﬁﬂ@ﬂﬁ

) WFEEE B ERBEAOMEER Bt ¥RMABFERALE - BHHR
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spatlal frequency or K- space ) Lé@%{l%%fﬁ .U\&&ﬁir v
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D Fourier transdform -
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C. K fimia s K-space . :
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HERE -
Z > K-space Z}ﬁﬁwﬁ_‘: _Ilrj«ﬁﬁgfi ( 70 Fig.16 * 17F1 ) Pl s
TAEEEL =
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IR R o LA Fig 18 10881 » KB SE T T HLERER ( Cere-
bro Spinal Fluid, CSF ) F&EFH T.E « BT HA T.XFRRERLTE
BB, - RMLRREEE MM o (40 Fig.18 (b) ) 3 % Fig. 199
+ BRAILL 6 = 180F pulse BB EIE - B EIEEE ( dynamic range ) Zgﬁ
BT LUEEIH R Eﬁﬁﬂ")%ﬁ °



(@) |

(b)

Fig. 18 The achievable contrast for
tissues differing in their spin- -
lattice relaxation times (for ex-
ample brain and CSF }in a sim-

. 'ple  partial saturation experi-
ment depends of the choice of
.the repetmrm time . Figure a)
b )..show: the -differential
N contrast obtainable depending
. upon: :the .« choice . of: -pulse
interval.. Noge that: the glxei
T

_value is. pmpén:enal to s(

+ !35! ) :
' &ﬁ%ﬁﬁf&fﬁ%ﬂmiﬁﬁﬁ g ﬂ%ﬁﬁ?‘:‘ﬁ%} c EF:g 20) :

ALBEUE ;
—RmE ﬁ%ﬁﬁﬁ M&Eﬁ]f*&‘ﬁ%%ﬁ Fﬁﬁﬁ% Wﬁ%ﬂﬁﬁﬁﬁ ﬁ?j':

#‘%ﬂ*}ﬁ%iﬁﬁﬂﬁﬁ ( superconductmg magnet ) s ,&;](ﬂﬁtﬁ ( perma-



(a)

| Brain

(b)

Flg 19 Effect of ehowe of inter-
pulse interval-in an inversion-
. reeovery experiment-oa con-
v'trast. in (b)) contrast is in-
creased --because: of ‘enhanced
attenuation of the proton sig-

" nal pertaining to CSF.

nent magnet ) ° BEEREHFHBRITZIIRERBEY ( homogeneity and
stability ) + ERIELARERGS - EEMEER - BRA > ABRERREL
DRFRR Y - XABBUKER - B85/ - BiERE » TRESE
B (cryogent ) Z {48 - HRATRUBZ BEHRE - ' BT BEERMIBL
AARE * REZ X AR S L0, 3Tesla LT o



Operator console

Fig. 20 The basic components of a nuclear ‘magnetic resonance imaging
system. The two large coils outside 6f thie magnert are used for field u-
niformity corrections.
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