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Introduction of Progress in NMR Techniques for
Large Biomolecules

HiE R~ MEE
Shing-Jong Huang, Ying-Chih Lin
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Nuclear magnetic resonance (NMR) spectroscopy, extensively and successfully employed in many
fields, has become one of the most important tools for studying biological macromolecules with the
remarkable progress in both experimental techniques and hardware improvement in the past
decades. This article briefly introduces recent significant progress in experimental techniques
capable of improving sensitivity and resolution of spectra for very large biomolecules (> 50 kDa)
and refinement of protein structures. In addition, conventional experiments of multidimensional
NMR are very time-consuming to achieve well-resolved spectra. Recent advance of experiment
techniques for shortening days-long acquisition time is also mentioned.
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1. 42 B Bruker 28] 4 & % 18.8 Tesla A2 5 A2
Erpdl R A Z AN F) -

MiIREEZ S ? - EFe TR/ N E B > F
FHIRIZAER A ERE R 5 - BImTA Rt AT S 8%
HIEHREE » LT E R R E ML J #BE -
coupling) FHEARY ['H, H]-COSY K 22 iR B AH BHHY
['H, 'H]-NOESY - Aii& Al 8l = (&L 25t A rFHRE
T iR E R TSN 22 FEAHRATE (0.5 nm DA) © &
HE LR T ELRES T 73T &/MA 10 kDa FEH'E
HEITH BRSO o BB ARAVEY) 5 0 5HR
FA) 5% B A e W A T SR B S T S B Y A

P B PN [FIA7 28T (labeling) B =#E (three-
dimensional) fZIAILHRETAIEE R - PIRERIRBL
ARFEIRGRE (A1 °N) FISERAERE > DUkt e g
HORIRE - WG ATRTSES T 85 30 kDa F9EH'E - °H
[F] 7 AT Al JalAE f ) 78 (transverse relaxation)
WA BRI 5 & A B /Y 51 =R
M8 50 kDa ° 1997 FLAR » B il i B 22
R — > EEMNHZAMEEME (cross-
correlated relaxation) HGE i o) 5 R ] B e [ B R
(polarization transfer) 0% » Hi# Fofem) ot (o
# (transverse relaxation-optimized spectroscopy,

TROSY)"” > & HIl R A8 Mol ot e 2 i 4

B 2. 2B Varian 2 ) & & % 18.8 Tesla #8 5f kA8 &
w (R B £ B KR A G WA ) -

(cross-correlated relaxation enhanced polarization
transfer, CRINEPT)" « 35 $6H fiif BEJRSURZ BG4 7% 1l
WHEAEPIE ST (> 100 kDa) HIFFH" «

EHE =M ITFHZA M NOESY HE
Bt FEEREE/ MR 0.5 nm AYPEBEPR IR (distance
constraints) > UK EIFRARAER 255 o TR TEER (S
FRRES (residual dipolar coupling) FifffegFEE"" -
REFR BLREAE E E RIS MM B SR ARALR - BiE
B Fs A E R AR -

EAf S MR IR B Bl B TR B A LB A E R Y
IRFfEIA RETS I B R SRR REDERE - HE BRiRFfHIbE
HERERITEEIN > B9 IR T B f B 2 IR AT
i o B PO AR IR Y B B i H it A
B Es” -

— >~ TROSY £2 CRINEPT 3%

EAEVE ST/ J-ME 2B J 8 $-1/2)
HAAE > T, SR [m it T8 AR ] 3 Bk i A (1 A% e
22 A (anisotropic) FY{EM — (ERFE S KL
(I E [\ (chemical shift anisotropy) {EM © LA
(A EEMHRERIRE (rank) > #CE R9E B EFRAR K

BEIRE T 85 3 97.6 67




Anti-TROSY Semi-TROSY
15\
Semi-TROSY TROSY

'H

B 3. #5432 ['H, "N] Bl g e L
B R E 6 IR = EE -

Tk (time-dependence) FHRBHIRF > HIlZE A28 G AHRH
B > BEEREE LY AL ) E—E
ZHE R T-#% (multiplet component) & A 1 [A]HfE ]
s EER o DI—{E % B i ( Bl S-1/2) BIRH R
B RBERMMEGHGEHKE S BE T HE
(single-transition) FH AT 57 k'

6]

1 1 1
+iowf + Ry +—+— 3(P*-62)J(w;)— +
—_ ' o Ts 1 ( I) (@) 2T, l<S12>

3(P2—63)J(a>,)—2i iiw§4+R3434+i+ L (ss
T, s 2T,

Heh sy, 81 S5, SRR IEHEEERSE (energy-level
diagram) Wy 1—2 K 3—4 B EEEEE T

(single-transition operators) *

S]ié Z%Si +IZS1,
| ?)
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s 1w, 77 51F S Bl 1 HfjiglY Larmor #H% > i
W5 = @5+ s 05 = wg+ s ° Tos BT, HIS TR
(R — SR & R AR AR A M E R S
H herE a8 K 1 B eIt a st -

1 yysh

P= 2'\/5 7’135

» 05,1 = %YS,IBOAGSJ (3)
Yis by 1 ER S EIERINERGLL » rig B S B2 1 B2 fiEHY
B > Ao, AR S BT BRI ETE (axially
symmetric) {LEE(TIZ R EHYE 1A (axial) BlEE H
] (perpendicular) =435 (principal component) 2
7% ° Rizi B Ragsy HIZTTRy S —EE#R (doublet) T-#%
AR TR SRR -

R =(p—85)'(4J(0) +3J(ay))
+p* (J(0, — ws5)+3J(w,) +6J (0, + w5))
+36;J(w,)

Ry = (p+85)" (4J(0) +3J(ay))
+p*(J(@, — w5)+3J(0,) +6J (0, + @)
+36;J(w;)

“

J(w) Foat 3 A8 (spectral density function)

27¢

@)= 5[1+(Tcw)2]

®

Te FEEFHRARFS (rotational correlation time) © 4=
YIE S FHGEEERE - @E X (4) FRIER T ZK
H J(0) « 8815 il - EiiGmE R4 - B
p =~ 8 1E Y WIFLHR I 27 B ]t 74558 =R o A Lok
18 - [ DL T S E R H R (o)) IR
& B BRI R - EERES ['H, PN
FLIG AR —HEERE R 2 B OE A FRY R > a0
3 7R © TROSY HYH i B2 F] AR 7 71 HY 3%
=T BEERSRIEL (evolution) ~ JEE (mixing) K3l
(acquisition) #5#E B 7E ot & & 12 09 iR & (B[
TROSY &Hlaf) b » NEFTEE LR AT - IR
Al IECELRE SRR - AR AR E



B o % TROSY i3 EifFrE RIRZ B et i
{bRCEEGRSE - EEGEHSRESS - (HEBRE SR
(A2 ) sEERCHHEE - EREIEmEH
ALt o TENRE Y1 E AT EEE L TAESEEE (A
HSQC) WYz » (EAERE L LM (decoupling) HY
180 R STk » LUK B T4 TROSY EHARAYMR
MEEERS EEEE 5% - Hil TROSY MERTLUEM
A PN, 'H] HHBIE S Rl RIS &R~ R
W R ER R Y [°C HY R

Fk TROSY F ity AT i F 22 A AHRA g - LA
HRHZEIETR - WIREZHEOCIEIIMTE - & AR
A]JE R PR LR (R R PR AR - {5 INEPT 2
FIA J S ERFEEHEEFE (in-phase coherence)
1, > (LR SAHIE]E (anti-phase coherence) 1S, @ £
DL 90 Pk {0 Hoasatpk s B ey SARERE LS, 0 PA
SRS o ) ot B B o R TR Y
[FIFES - EMRMEE IR - EEYE S TR
A RS RERARE A SRR - EER AR
MEERRRER - IR EEE - B2 (1)
Eil (2) A - (B — (EARE S E LR SR A PR
iz 22 AR B > JRAT R RIFHRIRER 32 S
FEEFH - ZiE J- MG 2B R (8 S-1/2) BF%
#t - FLAEAEREI 1, Reith - fEEFR J-MErIE
T HIfE TR - SO LS, 2B b aE
TR

(21,8.)(T) = sinh(ReT)exp(~RTL)O)  (6)

Hor
202 1 yys Y 11
R =2|Z(y,BAc,) +—| —HES +—t— (7
! 5{9(% l 2( v ”TC oy, 7
4 h
Rc = _(7130A01 )[ ygys ]Tc )

FH [P SRR [ 3 2 52 b 1A R B i o R 28 A AH
R M 72 575 25 0t 72852 (cross correlation relaxation

induced polarization transfer, CRIPT)" « Hi=% (6) ]
H o EEEBREE o B EERAGR - BEANE S+
KN - SEE—fi% INEPT J5iEANE - HHH
[ERA LS. FIE Ry

(21,8 )(T) = sin(nJ s T)exp(-R,T)(L,)0) (9

Ham EE IR g, B B 53 R N
e o & 4(b) P fE 750 MHz #ERGHHRET > &
Tl AR [ R T il o B (RO BE 7 OB L -
7 /INFA 100 ns B > INEPT A9 (EEERS R A B
CRIPT WU EERE AR Ry « (HFEE e WU
INEPT AR HEERSRCERPURMER - 11 CRIPT HY
AR AN 1. MERE - & 1 #3E 100 ns K -
CRIPT ZFWi#15 [l INEPT B A58 » CRIPT HYfx
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4.(a) 'H 3% % 750 MHz B > CRIPT ~ INEPT %
CRINEPT #) & fEAn a2 2 5 T
By A8 B HF M 2 816 © (b) B-sheet 89 "N-'H
# % > CRIPT 3x KA ARMEEA% 0 FEME w25 58
gAY o
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&éﬁﬁ%@& REARGIS R AR » L% N El °H =
B B Bsheet 1Y) PN-"H B R0 - HEERY
CRIPT W%xﬁz?’f GFEHY 'H Y Larmor SERFT R 1
GHz I » A& 4(a) Fw © AR P4 > CRIPT Ed
INEPT HYZ=R{EERNEZE S I H R 180 EEARTE
DUF 1 #2890 FEHRMERIFELL - CRIPT Ei
INEPT £ fly il — 045 & > DUBG i {4 8552 2%
2 LR AR A A AHRA PR 2 MR B8 ES (cross-
correlation relaxation enhanced polarization transfer,
CRINEPT)” © CRINEPT H(flii/27F I e AHEF
EERETET - K 1 BiERY 180 B R EIRE /NE
% A A AREEL J RS E R [RIREETT - A
1S, B 1S, FERER T 0 LA Ry

(21.8.)(T) = Au(1.)(0) (10)
= cos(mJ,sT)sinh(R:T)exp(—R,T){I, )(0)

<21ySZ>( ) A21< >( )

=sin(m/sT)cosh(R:T)exp(—R, T){1,)(0)
53 B Ry IFHTE A (antiphase magnetization) HY x Ei y
sy o WL SOEBEREEHE A, AR

A ='\/A121+A221 (11)

H 1o (E/NE o Bl EEN SRS 0 Re EIMR
REC B MEER EEOK B R INEPT © ;X2 » Re
{EfR= » CRIPT Rk 2RI LS =R - 20
4(b) Fi7 » CRINEPT FYRR[HEERE SR E R
INEPT Eil CRIPT - #KIMT » A SO [R5 2 A2 15
TR 1K H ERY 180 & iEkE - FrAH LE
(S E LN E S RGRIRIR L -

TROSY - CRIPT il CRINEPT il » LUK =
it B 15 VR PR TE (cryoprobe or coldprobe) Z¢#%
@ (AL AR RS N FHE IR A B N AP 53+

CMEMMHEEVE > FUEHE **E&
(nuclelc acids) N H#EEY) (complexes) ZBETT
HAEYE 57 HB R E I % %E?ﬁﬁﬁﬁ%%
Hy - B TE &S A A IR bt 9e 2 2V B oy
TR ARG T-RESE 900 kDa™ ' -
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=~ BRERBMAE S R

TRRERZ RS OEEE R - iR TR PUE H 5w
PERES) - B E ERTZ Z EAMEER (B IS RS
& AL AL R R EMAEEN (electric
quadrupole interaction)) N F AR  H AL -
1M 72 B At #0192 8 NOE (nuclear Overhauser
effect) B A REEIZE - — OSSR AEFHZEM
JREIRERZ G IR AR S - DUEBSATEERN - FRe2E
M —% 18 5-12 ZARERM » HEMH
Hamiltonian 52 Z8EAN[E]GERE T2 (splitting) FYESST
EIESZ-

H, =20 (30050, ~ 1)1, (12)
277:”1S

Hrh 6,5 R R ] F) B EERGSS ST Iy B £ ELFT e
L HIRIED R AV E

71'}’3
Av = 3cos’ 0,5 —1 13
27 ( €08 Yis ) (13)

R TR B S 0 A R (13) Z
FTA (LA R RS - B

<Av>:_y1y§h<<30052 915(1)—1)> (14)

Ttrys 2

FrMEEEFEL T @ (SSEEG o ZAFRE T
BEIIEM I RE - (HAIRFRMEER I GRAE
FWE - RIS GRS 95 RIS ESRES S
AT RE - HrlHteEE L E S > AT
BRI S o

FOEE R E 5 FHEE (molecular frame) ° £%fH]
M & B MR RN (6. ¢, ¢) * 1
SR BALRIE R R R (&, &, &) ° BRESTTN
FEREAE > B (14) 2RI EE ST R

<(3cos2 0-1)

3 2
5 > = 5<(C0S G.cos&, +cosg, cosé, +cosg. cosé.) > -1

—[c +c C2 +c <C >+26ch<Cny>

+20XCZ<CXC,>+20,cj<C).Cz>]—% (15)



¢ B C; 73 BKy cosg Bl cosE; o FHA /T EE) A
B WIG L T AR HE BACR - FTLLEE G
HIER 53 75 A (E - B AN R] DL— Y] ik &

(alignment tensor) A 2K it
3 1
Akl = 5<COS§k COS§I> - 55“ (16)

IR & RS HZ A ITRA (traceless) © 7 (14)
EIEIE Y=

(av) = LIS 4 cosg, cose, a7

IS kl

FHRTl e AREE —FE s F R - B ERR
#f¢ (principal axis system) * {5 HU[A] 5 & 1Y FE B AR
JCE (non-diagonal elements) % > HF NIEZ(HE
HIE FRRTTER A~ A, B A =HlIE7EF E
|A.|2|A, |2 A ° 20 (7) ATE— DR,

<AV> :_DZAH COSgk Cosg, (18)
kl

=-D z A; cos’ ¢

i=x,y.z

=—D[A, cos’@+ A, sin’ Ocos’ ¢+ A, sin’ Osin’ ¢ ]

2
= _D{Aa(300529 1]+%Ar SinZOCOS2¢:|

Hrf

p=Ysh (19)
Ttris

(0, ¢) FoiZMm BT TEEEANRRER > A, = A,
A pE & RYE 53 & (axial component) > [ A, =
(A — Ay AR LA R EHIRL T 73 & (rhombic
component) ° [ FLAR E B A 7R & 75 S0 E TLAE AR
HIE - B0 A, ~ A, B o3 BEAR AL Rl Y = TC Rz
74 (Euler angle) °

BEEMEMRE S EOT B R EAEY S HER 2
B A GEEZ @M IEA o AL UN-H #EE
el - X (19) 89 D {E=5E 24 kHz (A6 5 Fr

) © A5 AR B MR B AH B I R 52 Bl 52
5 it E - EEREUNEE > MBI
BRERMEMIER - REL—M M E AR HIEEE IR
F2RE (107 =107 » (HEIHLS FEAR (MRS & 1 F
#1ks 5—15 Hz - HETFHEAEY) 75 FHIRAITERZ
PR G - — TR EN A T ASHAL
REANE - HHEHEESTR G R ENR - K%
B FAERGS T S B AR A B R MR 2 m M
BEEM - HEBRERE (~107) - H4EWH T
HEME - AR HEA R LRSS
e AIEZIR > T 4022 DNA 8¢ RNA - RIS
HAO IR g™ ™ - foh - EWOT5E
SHIRIMALSE (heme) B2 L LR A NERL %
(paramagnetic) Y8 » HALWSHEUAITZE IR E K
HIEE®Y o ZIRPEW S TR - B EE
AR ER » TR EA — S RS 2RI
WEIERE T3 AV 0 EA R SRR A - DO
1§ Hit et EhRE A" -

55— T8 7 R GE A B /18 (alignment
medium) ALY TIEM - P HEMDIEA 5=
) P VA VR O B SR O FE W e (Rl B R O B BR B - 20
dimyristoyl-phosphatidylcholine (DMPC) £ dihexanoyl-
phosphatidylcholine (DHPC) FITH B HUEEAR (disc-like)
BT (bicelle)” - HLARIEAYTE AL (liquid
crystal director) & H #E BI5GB > A0 #E FH 2[4
et Bl 28 TR0 - i EE AR BRI TR RS - BEEE ST
B BRI 35—45 °C K pH {HFY 6.5 0 K

o g
\DCC |C| D \/R
C/ \N DCNC\
/\DCH DnH
R He—y
DhH

5.FEBK (peptide) 445 & X A% FEABATAB & % B
2 F&B ° Doy = 479 kHz ~ Dec = 4.9 kHz ~
Dyy = =24 KHz ~ Doy = —2.0 kHz ~ Dy = 10—
22 kHz™® -
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BB E BRI T ICRE - HATC AT E
WRAGEL G EE R E B R - WRREER
(carboxy-ester) B R HEFERS > DAKE & BRI 0k 1
THT R KR © S A S =AU cetyl
trimethyl ammonium bromide (CTAB) > DAck## HAH#E
VR o HAh 0 B dilauryl phophatidylcholine
(DLPC) K 3-(cholamidopropyl) dimethylammonio-2-
hydroxyl-1-popane sulfonate (CHAPSO) Firil kY EE
TCOE - ELVR G RE A BRI (AR hR B B i B
EFARREE TETERNEAZE « 1 1.2-di-0-
dodecyl-sn-glycero-3-phosphocholine (DIODPC) 2
CHAPSO FftitH sl B &V W G % RIS P iR R T Y
BB IR o B R I ST B MRS
g R
(bacteriohodopsin) & HHJZEHE (purple membrane
fragment) " B EBEPIIBEENEEE (polyacrylamide
gel) /\vA—(29,30) o

WETERER - R EERI A R
FES DA R B AR Y 70T S B AHBRIR [ A1 -
MEFEREEHERRESE - FHREHIUAME
FRE - BANEE AR - HO R
HEALENIE @ S8 E ' E RS - BET6E
B T T % A TR B

TR ER AR & R AR OBEE B RS Y i A5
B gl J BEERDAAEE - R — &R
METEMDH > DI EAMEBEH T & $-1/2
¥ fERAMEREFFENENSH T, HEE
RAEE R R TR el J a0 H Js» BlEE

. . 25,
(filamentous V1ruses)(

BRI S B H D 288G > Al

Tis=Js+ D (20)
EHES T BerEBRESEREE - 2L
—PEFERIFERY NH ~ C,H,, ~ C,C” B C¢’N » DAIK R
SRR H'C B¥g > B — g IR (s
EEFAREFHEERE - BEEEsERERK
MRE G - FEEEMRE S ERANER AR
ISR E TS AL B T HHEDERE R - 4
'"H-coupled "N-HSQC F ""C-HSQC % - [ fi ke
R & o ZEE R T ) S B B R et - iR
FERTRE > ATRIE J AT Y BRI
ST (D) RS TERmMPEELRRRT 2a) ryE (ks
Ty Al

1(2A) = I, cos(27T;s )e ™ (21)
SR ] F A A B R AR R E B B ek e s
12 2R > 1T IPAP (in-phase anti-phase) HYE
B 6 Fin s IREFS) - ARG Aris s
[EIFHELR A —EAR TR > S IEREIE e L
DUYeaE 2 AEAR AR » 53 RIS 2S5 (upfield) B
25 (downfield) FYF{% » EHIHSH - HRoHT=2
KEVERE » HIFE5 ARG TROSY il > LG
FIR AR R - BRI R A (LR > D
TLMAT IR o o LRI AR > T e
F 'H/PC/PN = E B R T 0 40 HNCO -

l —X X
h

IT“T
H

i D

1

i

i
I;TIT

!

6. 5y | [ ' | | t | . (waLTz 16
IPAP-['H, "N]-HSQC #4 ik 167 | i ! B
FIFER - mA TS O | 1 :

Bl 90 SIS0 AMkAT > % g | | ' | B

g AR AL A 3RO OR AR K ey , , ne .
(anti-phase spectrum) B 7 4% Fi grad (:1 (:2 0 63 Gﬂ4 C:S G?s

Z g
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~(5,33-43) o

HN(CO)CA K (HA)CA(CO)NH &

JE R ER ERE S & HE — P T E B
A ARSI R BRI TLEAREE A, ~ A, Fed
AT FEAR AL A Y =GR - HEMEHE RS
i > BERE AR o RURTA  ZE DL BB - Fy
FRESEMRE SRR > e CCERERME
LRI EARE - BHORAIC B ERGRE - AIFR
ir e EE S EHEN - DA ERhE R 2
ER{E (normalization) » i LLUERIMb 2 B &S EFf&
FUEARE (histogram) » 15 H34f > B AEER (S
R EERBI ARG A, B A, o ERREHT
T ERERL A ) = (e A AR EOR TS fEAdtmsat
BRI R (float) ©

TEEREMRE U P Bl R & 0 B RO RS
b > BRI ar A & 7F 2 > 2R R R
- DLa Bt &t - m] LA BT R 28 5 B
JEH NOE 52 I I R A5 A Eis < [T RERY T B » &
M bEE GRS - i BEEEEER 0 ¢
iz NOE BBRIEIL.Z T - IR Al FH R SR (AR A
Er1EF BRI e BB B RS 4 GBI
(B1 domain of streptococcal protein G) * BAF
(monomer of the barrier-to-auto-regulation factor) 5
CVN (cyanovirin-N) °

IO R S AL B R

R RO R T R R EFE A IR FE B[]
FLEC N 2 TR SEAS B S EIFERANE - BB Y9+
o FEREREE RGN - =HEBE 2 HERIRL R
RtRE - HEm b AILUBR AL S AT S AR I
BATR o DUEMAIIRIIREGT M S » R E—R N
HMESRE - AHE N-1 AMERYRI BRI, - DISER
PEHUEREGHH & > AR E—HE B B F R =R AR
(FID) » FFLA N {EANE] R 80 (F7 BE44 (Fourier
transform) DASOERE o 55— IURRHSAE 7R
m (EHUERES - HE RIS (quadrature detection)
HOFEsR > AIFEEREE m)"' i FIDs » BERBEEHEE
RSN - EERRIRF R 2R8I - BSTUR A
AT o R PR REHIR SRR T » BBy e
JE B B P A m SR AT -

i PR HH i e e IR R A s e A e P
(reduced dimensionality, RD)"“"™ » 2 i FI &% [ ks
(radial sampling) HYELE: » KF AT B2 HUER R Ik (b
IRFfE% € Ry IELLAERA > B 1, = an, » BLJTVEFRTS >
Bl R FOEREE SR 22/ o, = aw, SPHELZ B
A o SRR ITRIZER T2 > LUK EE
AR o BEpREAIRMEE R N R N-1 0 RIS
e o 2% RD FURES » N MR E B mT #E
HLEEACRRRE Q0 =1 =t = 1...) » BEHARER
8 R Rt E e - HH ¢ BT T SRR
HIFTISHEER » Rtk EE b LR AR A
Zollo=mtwoto..  MIEEELEANR -
FEATEE o AUE Bl SRR A B 2 KR (sum
and difference subspectra) *KFEE(LENIH - i
i Ry GFT NMR™

55 — T HE LAY B i AU R R 1% &2 EOH
(projection reconstruction NMR, PR NMR)**> > #
7. > PR NMR H2 GFT NMR f A2 B2 fE L
IR AHRBE % » PR NMR EACKFE ERIERE R ¢ =
oty = ooty = outy 0 FEH PTG 2 A R e AR 22
FREEEE T A 2 S ET R GFT NMR fiERIA]
i Rl 45° HSEEILE - N EEEAEZFEH
5w HARA LB EAH & L GFT NMR 58 f 8
¥ FEo | NEEIAER =A% - PR NMR G#EH 5L
HUSIEZRZ & 526t - Bl 0° K 90° HYSE I 52
i FHIOEEERIS B A B E L - PR
) A P IERSERE (tilted projection) » K]
FHEEfHESE (reconstruction algorithm) fREH ELE
i (cross peak) @ #Ifl{EEE - ZHIHEANZ 5L
B o QI ERES—EaE) A 2 S sootas - 5E
SEEE B BRI 2 ARG E A SRR -

HEEE - REME - REEEMHEEE
(lower-value reconstruction algorithm)” > K fifpk
B A ELE (additive reconstruction algorithm)®* ™ o
A RS ERE S ER - RE A AREEE
fUE (marginal sensitivity) FYE & o A& RIHSGEZRE
BT 2L S G 2 SETaS s R s - o
TR (back projection) fAZHESRERZERH » &
EP AR EERSEATACAIER (ridge) » P& (R
TR 72 PR E R R P Ry B (R BRI > 2

BEIRE T 85 3 97.6 73



HRIER AN EE IR - MRE BT LHES S
453 BlREEAC A - R EEIER RS
4 e it ) A N | RN K= o= B
hmmsEhn - BESEE (baseplane) MEE HYHE BRI
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SOV RE PR B B (A A B B Rl AEl] - PRAFEEM
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AR T IR E B -
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H SR REREEE - HUGRE S e B BTy R A R
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s(ti ;) = exp(iQt, ) exp( Q1) (22)

AUHAE T 3G FOR i — BERE A

fimax 12 max

S((Dl (1)2) zzexp lwltl (tl,tz)exp(_jwztz )W(tl ,tz)

=0 =0

(23)
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e o eI > Al bt IR IR Ry
S(w,,0,) ZAP‘I [exp( ia)lt{’)s(t{’,tz”)exp(—ja)ztf)

+exp(—za)1tl )s(th ,tg)exp(—ja)zt;’)

+exp(—iot] )s(t .15 )exp(—jw.1; )] (24)
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