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He does not show the magnetization along -z, so his figure actually shows T2 relaxation--it shows the induced non-equilbrium magnetization along y returning to equilibrium magnetization along +z.
The shape of the T1 relaxation due to magnetization along +z and -z is shown on the next page.  
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Longitudinal Relaxation T1 
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T1 relaxation
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Because the detector does not see negative 
signals, you will measure the dotted curve
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The T1 relaxation curve that you will measure 
is given by the absolute value of this equation
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This figure shows the return to equilibrium of the magnetization along +z, but it does not show the 
signal that you will measure--you will measure the difference in the magnetization along +z and -z.
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The T1 response you will measure
is shown on the previous page.
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Transverse Relaxation T2
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The T2 recovery that you will
measure does look like this.
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%)+$'!743!%-$!':/2'!%4!5$g:-)'$!%4!QVX!47!%-$!43/B/2)*!G)*6$=!
(-$!3)%$!47!5$g:-)'/2B!/'!5/77$3$2%!743!$)0-!%/''6$=!Z)%!%/''6$!8/**!5$g:-)'$![6/0+*.?!8-/*$!8)%$3!
8/**!5$g:-)'$!E60-!'*48$3=!
H2$!E43$!3$E)3+!)A46%!(PM!/%!-)::$2'!E60-!7)'%$3!%-)2!(N!3$*)9)%/42=!(P!3$*)9)%/42!-)::$2'!/2!
%$2'!47!E/**/g'$0425'?!8-/*$!(N!0)2!%)+$!6:!%4!'$0425'=!S\)G$!)!*44+!)%!%-$!3$*)9)%/42!%/E$'!%)A*$!
/2!%-$!k!F::$25/9T=!
!
(P!3$*)9)%/42!/'!)*'4!0)**$5!':/2q':/2!3$*)9)%/42!A$0)6'$!/%!5$'03/A$'!/2%$3)0%/42'!A$%8$$2!
:34%42'!/2!%-$/3!/EE$5/)%$!'6334625/2B'!SE4*$06*$'T=!
!
Remember this:  
 

! (N!)25!(P!3$*)9)%/42!)3$!%84!/25$:$25$2%!:340$''$'?!8-/0-!-)::$2!'/E6*%)2$46'*.=!
! (N!-)::$2'!)*42B!%-$!ng)9/'`!(P!-)::$2'!/2!%-$!og>!:*)2$=!
! (P!/'!E60-![6/0+$3!%-)2!(N!

!
K-$2!A4%-!3$*)9)%/42!:340$''$'!)3$!7/2/'-$5!%-$!2$%!E)B2$%/J)%/42!G$0%43!/'!)*/B2$5!8/%-!%-$!
E)/2!E)B2$%/0!7/$*5!SDWT!)B)/2!)25!%-$!:34%42'!)3$!':/22/2B!H6%gH7g,-)'$`!%-$!'/%6)%/42!A$743$!
8$!%3)2'E/%%$5!%-$!"Wp!<Zg:6*'$=!
!
F0[6/'/%/42!
!
j63/2B!%-$!3$*)9)%/42!:340$''$'!%-$!':/2'!'-$5!%-$/3!$90$''!$2$3B.?!8-/0-!%-$.!)0[6/3$5!734E!%-$!
"Wp!<Z!:6*'$?!/2!%-$!'-):$!47!3)5/4!73$[6$20.!8)G$'=!12!435$3!%4!:34560$!)2!/E)B$!8$!2$$5!%4!

:/0+!6:!%-$'$!8)G$'!A$743$!%-$.!5/')::$)3!/2%4!
':)0$=!
(-/'!0)2!A$!542$!8/%-!)!Receive coil=!(-$!
3$0$/G$!04/*!0)2!A$!%-$!')E$!)'!%-$!Transmit coil!
43!)!5/77$3$2%!42$=!F2!/2%$3$'%/2B?!A6%!$G$3!'4!
/E:43%)2%?!7)0%!/'!%-$!:4'/%/42!47!%-$!3$0$/G$!04/*=!!
!
(-$!3$0$/G$!04/*!E6'%!A$!:4'/%/42$5!)%!3/B-%!)2B*$'!
%4!%-$!E)/2!E)B2$%/0!7/$*5!SDWT=!Z)/*/2B!%4!54!'4!8/**!
3$'6*%!/2!)2!/E)B$!8/%-46%!'/B2)*=!(-/'!/'!8-.M!/7!8$!
4:$2!6:!)!04/*!8$!'$$!/%!/'!A)'/0)**.!24%-/2B!A6%!)!
*44:!47!04::$3!8/3$=!K-$2!)!E)B2$%/0!7/$*5!B4$'!
%-346B-!%-$!*44:?!)!0633$2%!/'!/2560$5!SFigure 23T=!
D!

Figure 23   
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o!

>!

(-$3$743$?!8$!-)G$!%4!E)+$!'63$!%-)%!%-$!3$0$/G$!
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%-346B-!%-$!04/*=!(-$!42*.!8).!%4!)0-/$G$!%-/'!/'!%4!
:4'/%/42!%-$!3$0$/G$!04/*!)%!3/B-%!)2B*$'!%4!DW!)'!
'-482!/2!Figure 24=!!
!
1%!/'![6/%$!/2%$3$'%/2B!%4!%3.!%-/'!743!.463'$*7!8/%-!
.463!'0)22$3=!d6'%!E)+$!)!'$3/$'!47!'0)2'!8-$3$!
.46!:4'/%/42!%-$!3$0$/G$!04/*!)%!5/77$3$2%!)2B*$'=!
]%)3%!8/%-!%-$!04/*!)%!)!3/B-%!)2B*$!8/%-!DW?!)25!%-$2!
%632!/%!)!A/%!'60-!%-)%!DW!/'!)**48$5!%4!362!%-346B-!
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(Actually, T2* is much faster than T1)
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You will measure the same value for T1 and T2.
See the plot and text on the next page.
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T1=T2
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0+)!1+23)!45*,6758!89267)50!:;14<!=23!3=70*+)6!,5!0,!6,!0+)!>7930!?+23)!)5*,6758@!A+)5!:4<!0+)!
&9)BC)5*D!45*,6758!,9!E)26!FC0!89267)50!:;EF<!=23!3=70*+)6!,5!6C9758!=+7*+!:5<!0+)!37852GH!0+)!
&9))!'56C*07,5!()*2D!:&'(<H!=23!32I?G)6@!
!
A+73!73!2!J)9D!37I?G)!256!K237*!3)BC)5*)@!L)!2G3,!32=!0+20!0+)!37852G!67)3!,C0!J)9D!BC7*MGD@!'5!
0+)!)29GD!62D3!0+20!=23!2!?9,KG)I@!A+)!+296=29)!*,CG6!5,0!K)!3=70*+)6!BC7*M!)5,C8+!0,!32I?G)!
0+)!)5079)!37852G@!A+)D!*,CG6!,5GD!32I?G)!0+)!G230!?290!,>!0+)!37852G!=+)5!I,30!,>!0+)!37852G!=23!
8,5)@!A+)!9)3CG0758!7I28)!3+,=)6!70N!'0!=23!37852G!3029J)6@!'5!,96)9!0,!7I?9,J)!0+)!2I,C50!,>!
37852G!0+)!)5875))93!*2I)!C?!=70+!2!K97GG7250!3,GC07,5@!
!

O?75!4*+,!O)BC)5*)!
!
P>0)9!0+)!$%QR)S*70207,5!?CG3)!0+)!5)0RI285)07T207,5!73!75!0+)!URV!?G25)@!'0!7II)6720)GD!302903!0,!
6)?+23)!6C)!0,!A#!9)G2S207,5!:3?75R3?75!750)92*07,53<@!'0!73!K)*2C3)!,>!0+73!6)?+23758!0+20!0+)!
37852G!69,?3!G7M)!2!30,5)@!'6)2GGDH!=)!=,CG6!G7M)!0,!M))?!0+)!?+23)!*,+)9)5*)!K)*2C3)!0+73!87J)3!
0+)!K)30!37852G@!A+)!K97GG7250!3,GC07,5!0+)!)5875))93!*2I)!C?!=70+!73!0+73W!2!3+,90!07I)!2>0)9!0+)!$%Q!
E&R?CG3)!2!3)*,56!E&R?CG3)!73!87J)5@!A+73!07I)!70!73!25!./%Q!?CG3)@!A+)!./%Q!?CG3)!*2C3)3!0+)!
3?753!0,!re?+23)@!L+)5!2GG!0+)!3?753!29)!9)?+23)6!0+)!37852G!73!+78+!28275H!256!=+)5!=)!I2M)!
3C9)!=)!32I?G)!0+)!37852G!20!0+73!7530250!=)XGG!+2J)!2!IC*+!K)00)9!7I28)@!Figure 50 3+,=3!70!
K)00)9@!

Figure 50   

A+)!37852G!=)!32I?G)!73!*2GG)6W!25!4*+,H!K)*2C3)!70!73!Y9)KC7G0Z!>9,I!0+)!&'(@!
[,07*)!0+20!0+)!./%Q!rephasing!?CG3)!73!)S2*0GD!75!0+)!I766G)!,>!0+)!$%Q!?CG3)!256!0+)!)*+,@!
!
A+)9)!73!2!K,,M!:+78+GD!9)*,II)56)6H!3))!9)>)9)5*)<!*2GG)6W!Y\E'!I26)!)23D]!L)GG!2GI,30Z!KD!
O*+)9758H!;)9I25DH!75!=+7*+!D,C!*25!>756!2!9)2GGD!57*)!252G,8D!,>!9)?+23758W!
!
'I2875)!2!5CIK)9!,>!9C55)93!,5!2!92*)092*M@!L+)5!0+)!=+730G)!KG,=3!0+)D!2GG!30290!0,!9C5!
:6)?+23758<@!FKJ7,C3GD!0+)D!2GG!9C5!20!0+)!67>>)9)50!3?))63!256!2>0)9H!G)0X3!32D!"%!3)*,563H!0+)!
>230)30!,5)!=7GG!K)!=2D!2+)26!,>!0+)!3G,=)9!,5)@!A+)5!0+)!=+730G)!KG,=3!>,9!0+)!3)*,56!07I)@!A+)!
9C55)93!=)9)!75309C*0)6!0,!0C95!29,C56H!without losing speedH!20!0+)!3)*,56!KG,=!,>!0+)!=+730G)!

:./%Q!E&!?CG3)<@!A+)!>230)30!9C55)9H!5,=!=2D!
K)+756!0+)!3G,=)9!,5)H!=7GG!*20*+!C?!=70+!0+)!
3G,=)9!,5)!:9)?+23758<@!P>0)9!25,0+)9!"%!
3)*,563!0+)D!2GG!2997J)!20!0+)!30290758!?,750!at 
the same time!:)*+,<@!

./%Q!E&!!!!!!

Figure 51  !
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O,H!=+20!6,!=)!+2J)`!a)0X3!+2J)!2!G,,M!20!Figure 52@!!

$%Q!E&!!!!!!

!
P@! '0!302903!=70+!2!$%Q!)S*70207,5!?CG3)@!A+)!I285)07T207,5!73!>G7??)6!750,!0+)!URVR?G25)@!
b@! 'II)6720)GD!0+)!3?753!6)?+23)]!
c@! A+)!3?753!6)?+23)!2!K70!I,9)]!0+)5!2!./%!9)?+23758!?CG3)!73!87J)5@!
(@! A+)!3?753!29)!I799,9)6!29,C56!0+)!V!2S73@!!
4@! A+)!3?753!9)?+23)!C507G]!
&@! A+)!3?753!29)!75!?+23)!28275!*9)20758!25!Y)*+,Z@!

!
A+73!73!=+20!73!M5,=5!23!2!O?75R4*+,!3)BC)5*)@!!
P3!=70+!)J)9D0+758!75!\E'H!0+)!3?75R)*+,!3)BC)5*)!73!2!*,I?9,I73)W!!
!
P6J25028)3W!

! 0+)!37852G!73!309,58!
! *,I?)53207,5!>,9!G,*2G!>7)G6!75+,I,8)5)707)3W!G)33!2907>2*03@!

!!
(7326J25028)3W!

! '0!02M)3!07I)!0,!6,!0+)!9)?+23758!30)?@!A+73!=7GG!75*9)23)!0+)!0,02G!3*25!07I)@!
! '0!75*9)23)3!0+)!2I,C50!,>!E&!,5)!+23!0,!?C0!750,!0+)!K,6D!:5,0!0+20!70X3!6258)9,C3H!KC0!
0+)9)!29)!*)90275!G7I703<@!

!
'5!3?70)!,>!0+)!75*9)23)6!3*25!07I)!256!0+)!2I,C50!,>!E&!0+)!3?75R)*+,!3)BC)5*)!73!=76)GD!C3)6!
256!+23!K)*,I)!0+)!9,C075)!3)BC)5*)!75!\E'@!
!
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!
+),,-&!.&/0*01)2'!+)3&,!
!
42//25)'6!table 4!,725,!+8!0'(!+9!:&/0*01)2'!1)3&,!;2:!<0:)2-,!1),,-&,!='2:30/!0'(!%0172/26)>0/?!
01!();;&:&'1!306'&1)>!;)&/(!,1:&'617,@!
!
Table 4: Tissue relaxation times 

! +8!=3,?!
A@9B!+!

+8!=3,?!
A@B!+!

+8!=3,?!
8!+!

+8!=3,?!
8@B!+!

CD!=E?! +9!=3,?! CD!=E?!

F.$GH! ! ! ! ! ! ! !
I:0J!3011&:!
K7)1&!3011&:!
+-32-:,!
L&')'6)230!
I/)230!
M(&30!

BNA!
#99!
""O!
BP"!
P#B!
""O!

"BO!
BNO!
PA9!
O8#!
PPO!
PA"!

P8N!
"PN!
Q"N!
PO8!
QN8!
QON!

Q98!
OPO!
8AON!
QOQ!
QBQ!
8AQA!

8O!
8O!
N"!
8P!
NB!
9N!

8A8!
Q9!
898!
8AN!
888!
88N!

8N!
99!
"N!
N8!
NN!
ON!

FRHM! ! ! ! ! ! ! !
H2:30/!30::25!
R,1&2,0:>230!

"AO!
O#A!

"#P!
P88!

"QB!
PPP!

ON9!
QON!

OP!
9P!

8A"!
PB!

"A!
NA!

F.M$C+! ! ! ! ! ! ! !
4)S:21)>!1),,-&!
$()%2,&!1),,-&!
+-32-:,!
T0:>)'230!
$(&'2>0:>)'230!
4)S:20(&'230!

#AQ!
8QA!
#PN!
#B8!
#QA!
BAP!

B#O!
98#!
"N#!
BQB!
"P"!
O8B!

ON9!
9#8!
PN9!
OPB!
QBQ!
QPQ!

P"P!
9BQ!
QO"!
Q9N!
88"O!
88QB!

8P!
9P!
9P!
9B!
8A!
9Q!

#Q!
P#!
PA!
Q#!
P8!
"A!

8"!
N"!
NB!
#P!
89!
88!

UGDHMV! ! ! ! ! ! ! !
H2:30/!1),,-&!
+-32-:,!

#8O!
ONN!

#Q"!
OQ"!

BPQ!
P"#!

"B9!
QAO!

9O!
NO!

BP!
PN!

9#!
#9!

WGXM.! ! ! ! ! ! ! !
H2:30/!1),,-&!
+-32-:,!
Y&%01230!
T7)::2,),!

9BA!
O8N!
"98!
N9P!

N9B!
OP9!
O"Q!
N"O!

#9N!
PBO!
QB8!
#8A!

#QN!
QAB!
8AOO!
#NP!

99!
9"!
8"!
98!

#N!
P#!
P#!
#B!

8#!
N8!
9"!

WZHI! ! ! ! ! ! ! !
H2:30/!1),,-&!
+-32-:,!

#PP!
#AO!

BQQ!
BNB!

ONB!
OAN!

P9Q!
P9"!

8Q!
B8!

OQ!
"P!

9Q!
#B!

LZCTWM! ! ! ! ! ! ! !
H2:30/!1),,-&!
+-32-:,!
T0:>)'230!
4)S:2,0:>230!
.70S(23J2,0:>230!
M(&30!

#AQ!
BQO!
"AP!
PN8!
""#!
"B9!

B#O!
OB9!
OBA!
PQ"!
P9O!
PQO!

ON9!
Q#"!
Q9B!
Q"O!
8AN8!
89NB!

P"P!
8APN!
8A#"!
8A88!
88ON!
8#PP!

8P!
N9!
8"!
8B!
9O!
9"!

#O!
PO!
P9!
"B!
!
"O!

8N!
#A!
ON!
8#!
!
9"!

[$HT.M$C! ! ! ! ! ! ! !
H2:30/!1),,-&!
+-32-:,!

NA9!
O8P!

NO8!
Q#9!

#BB!
89NB!

B8N!
8##P!

9B!
8B!

! !

C[WMMH! ! ! ! ! ! ! !
H2:30/!1),,-&!
+-32-:,!

#N8! B#N! "PN! OP9! 8Q! "9!
"Q!

9O!
8!

!
!
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!
.*/!0/-1!2'34!'!-*+4!24',!56!&*7!'&,!8!,*&91!5('04!6*/! :!!
!
;24+4!%-!*&4!0*+4!12%&<=!12*/<2=!8!7*/(,!(%>4!1*!-1+4--?!A synonym for!MRI is COMPROMISE:!
81!@'&91!54!-'%,!4&*/<2:!8&!A'@1!890!<*%&<!1*!-'6!%1!'<'%&?!B!-6&*&60!A*+!CD8!%-!EFCGDFC8HI:!!
8!12%&>!12%-!%-!124!0*-1!%0J*+1'&1!12%&<!1*!+404054+!A+*0!12%-!-1*+6:!
CD8!%-!'!5'('&@%&<!'@1!A*+!H%<&'(!1*!K*%-4:!)24&434+!6*/!@2'&<4!'!J'+'0414+=!6*/9((!2'34!1*!
@2'&<4!'&*124+!1*!@*/&14+'@1!A*+!124!-%<&'(!@2'&<4=!%A!6*/!7'&1!1*!>44J!124!HKD!124!-'04:!
C'&6!-6-140-!*AA4+!-*04!-*+1!*A!LHKD!8&,%@'1*+M:!)24&!6*/!@2'&<4!'!J'+'0414+!%1!-2*7-!2*7!
0/@2!-%<&'(!6*/!7%((!<'%&!*+!(*-4:!819-!'!34+6!&%@4!1**(=!54@'/-4!-*041%04-!%1!%-!&*1!'1!'((!@(4'+!2*7!
0/@2!%0J'@1!@2'&<%&<!*&4!J'+'0414+!@'&!2'34:!8A!6*/+!-6-140!,*4-!&*1!2'34!'!1**(!(%>4!12'1=!
124&!54!34+6!@'+4A/(!724&!@2'&<%&<!J'+'0414+-:!!

!
!
8!2*J4!12'1!+4',%&<!12%-!-1*+6!2'-!24(J4,!6*/!1*!/&,4+-1'&,!124!@*0J(4N!0'114+!*A!CD8!J26-%@-:!!
81!*&(6!-@+'1@24,!124!-/+A'@4!'&,!6*/9+4!56!&*!04'&-!+4',6!641!1*!5/%(,!6*/+!*7&!CD!-@'&&4+=!
5/1!'1!(4'-1!6*/!>&*7!72'1!124!'55+43%'1%*&!CD8!04'&-! :!
8!>&*7!%1!%-!&*1!4'-6!1*!<41!124!1*1'(!J%@1/+4!'A14+!+4',%&<!124!-1*+6!*&@4:!O*&91!5('04!6*/+-4(A:!
D4',!124!-1*+6!'<'%&=!'&,!'<'%&=!%A!&44,!54:!;24&!*J4&!/J!'!5**>!A+*0!124!+4A4+4&@4!(%-1!'&,!1+6!%1!
'<'%&:!F&4!,'6!124+4!7%((!54!'!0*04&1!12'1!124!J4&&6!,+*J-!'&,!6*/!7%((!54!+47'+,4,!7%12!'&!
%004&-4!A44(%&<!*A!2'JJ%&4--!'&,!6*/!+4'(%P4!12'1!CD8!%-!434&!54114+!12'&!-(%@4,!5+4',:!
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Table 4: Tissue relaxation times 
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A@9B!+!
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K7)1&!3011&:!
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""O!
BP"!
P#B!
""O!

"BO!
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O8#!
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