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Frequency Energy Wave 

Length

X-ray 1.7~3.6*10 12MHz 30~150

keV

80~400pm

Visible Light 

(Violet)

7.5*10 8MHz 3.1 eV 400nm

Visible Light 

(Red)

4.3*10 8MHz 1.8 eV 700nm

MRI 3~100MHz 20~200

meV

6~10m
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Spinning

ÅSpinning charged 

particle creates an 

electromagnetic field

ÅSpin quantum number S 

# of energy states = 2S+1

spin

magnetic moment

M=0
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Precession

ÅLarmor Equation 

ÅWhy hydrogen nucleus
ð1. Large component of

human body

ð2. Odd number of protons

(unpaired protons)

B0 field
Y

Z

J or m

X

B0
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Energy Level

ÅEnergy state is not always the same

ÅFor 1H  B0=1.5T     Energy State=2

Precession frequency= 42.58MHz/T*1.5T=64MHz

Nuclei Unpaired Protons Unpaired Neutrons Net Spin (MHz/T) 

1H 1 0 1/2 42.58 

2H 1 1 1 6.54 

31P 0 1 1/2 17.25 

23Na 0 1 3/2 11.27 

14N 1 1 1 3.08 

13C 0 1 1/2 10.71 

19F 0 1 1/2 40.08 
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RF Pulse

ÅIf the pulse F equals Larmor F 

Resonance

ÅRf pulse causes a flip angle

and also makes protons get in 

phase

ÅSome protons will change 

energy state

tgq 1B=
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T1 Relaxation Time

ÅAfter RF pulse

ð1. Spins go back to the lowest 

energy state

ð2. Spins get out of phase

ÅT1 also called spin-lattice 

relaxation time

ÅSpins give energy to the 

surrounding lattice
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T2* Relaxation Time

ÅDue to

ðInteractions among individual spins

ðExternal magnetic field inhomogeneity

M(t)||

M0

t

T2
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T2 and T2*

ÅUse 1800 pulse to refocus

ÅEliminate the effect of external magnetic field 

T2 Relaxation Time or spin-spin relaxation time
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äö¤¸ù ćwă ¢åwz Ië¾´¤ù ćwă ûĀ£ÿ¾~ Ă¤ĊÆýv¹N( H)I ûwù¿ ÈöăvÿT1 ÿT2ºý½v¹ ¡ÿwæ¤ù )
¡ÿwæ£ üĉvwă¾ĉĀÎ£ ¢Åv¾¤þí èĉ¾Õ¿v ûvĀ£ Ĉù v½MR¹v¹ ûwÊý )
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äö¤¸ù ćwă ¢åwz Ië¾´¤ù ćwă ûĀ£ÿ¾~ Ă¤ĊÆýv¹N( H)I ûwù¿ ÈöăvÿT1 ÿT2ºý½v¹ ¡ÿwæ¤ù )
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āºÉ ¢åwĉ½¹ ówþòĊÅ5

ºþí Ĉù ¹w¬ĉv ĈÆĊÕwþâù ûvºĊù ìĉ I¢í¾³ ów³ ½¹ ½v¹½wz ā½» )Õwþâù ûvºĊù ĈþÞĉ I¢Åv ²Ċ´Í øă ¢õw³ üĉv ÄîÝ  ĈÆĊ
Ĉù ûÿ¾¤îõv ºþýwù ½v¹½wz ā½» ¢í¾³ y«Āù¹ĀÉ  )

a # ÿ ĈÑ¾Ý ÈÕwþâù üĊz ĆÖzv½b #äö¤¸ù ćwĄýwù¿ ½¹ āºÉ ¢åwĉ½¹ ówþòĊÅ)

¹½v¹ ÷wý ówþòĊÅ IāºÉ ć¾Ċñ ā¿vºýv ûwĉ¾« )
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¹v¿j Ĉĉwêõv ĈÉw~ÿ¾å5

 Ă´æÍ ½¹ È·¾¯ wz ûwùÀúăx-yówþòĊÅ ĈÑ¾Ý ½v¹¾z ½vºêùþîúă¾z ¾Õw¸z È
üĊ Åv(Ĉ«½w· ĈÆĊÕwþâù ûvºĊù Ĉ¤·vĀþîĉ¾Ċá ÿ üĊ ÅvÈăwí wútv¹Ĉùºzwĉ)

() )t(coseMtM 0

*

2
T/t

xy w= -

A
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ûĀ¯T2ìĉ¢åwzÔêåĂ¤ÆzvÿĂzÈþîúă¾züĊ Åv(üĊ Åv¢ÅvÿwùĈõ¾¤þí¾z
ćÿ½ôúÝìĉüĊ Åv¾zćÿ½üĊ Åv¾òĉ¹Iøĉ½vºýT2¢zw§¢Åv)*T2Ăz

Ĉ¤·vĀþîĉûvºĊùĈÆĊÕwþâùĈ«½w·ÀĊýĈò¤ÆzI¹½v¹üĉv¾zwþz§¢zw¢ÆĊýÿĂ¤ÆzĂz
Ĉ¤·vĀþîĉûvºĊùÄĊÕwþâùĈ«½w·¾ĊĊâ£Ĉùºþí)*T2ĂÊĊúă¾¤úí¿vT2¢Åv)
ĈÉw~ÿ¾å*T2¾LL¤LÞLĉ¾LÅ¿vĈÉw~ÿ¾åT2¢Åv

 āºÉ ¢åwĉ½¹ ówþòĊÅ Ăz ÓĀz¾ù ĈÊăwí ĈÅĀþĊÅ ©Āù ôîÉ $FID )#
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Äõw~ ÿ¹ üĊz Ĉýwù¿ ĆöÍwåRF wz ĈõvĀ¤ùTR¹ĀÉ Ĉù ā¹v¹ ûwÊý)

 ćwă Äõw~ ¿v Ä~ ¢åwĉ¿wz ćwă Ĉþ´þùRFĈõĀ¤ù)

)e1(S 1T/TR-
-´

þí Ĉù ¹w¬ĉv ć¾L¤ÊĊz ówþòĊÅ I¾L¤ÊĊz ćwĄýĀ£ÿ¾~þº

)e1()H(NS 1T/TR-
-´

TR$½v¾î£ ûwù¿#5
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ćw¬zĂîþĉvā¿vºývć¾Ċñv½ĂöÍwåĒzºÞz¿vÄõw~RF÷w¬ývøĊă¹$ûĀ¯½¹wéĂz÷w¬ývûjøĊÉwz Ĉúý#Iìĉ¡ºùûwù¿āw£Āí
¾{Íā¹¾íÿāwòýjā¿vºývć¾Ċñv½÷w¬ývøĊă¹ Ĉù)üĉvā½ÿ¹Ĉýwù¿āw£ĀíÓĀz¾ùĂzTE¢Åv)

 ½vºêùFID ûwù¿ ½¹t= 0 ¾zv¾zM0 ¢Åvûwù¿ ½¹ Ăí Ĉõw³ ½¹t= TEwz ¢Åv ¾zv¾z
*
2T/TE

0eM
-

TE$Āív ¾Ċ·m£ ûwù¿#5
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TR ÿTE5

ºýv āºÉ ā¹v¹ ûwÊý ½v¹Āúý ìĉ ½¹ ĈÉw~vÿ ÿ ¢åwĉ¿wz ćwă Ĉþ´þù )

)e1)(e)(H(NSI 1
*
2 T/TRT/TE --
-´

¿v ¢Æ£½w{Ý øĉ¾Ċñ Ĉù ā¿vºýv Ăí ĈõwþòĊÅ ¡ºÉ Ĉöí½ĀÖz5
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 ¢åwz ÿ¹A ÿB wzT2%¡ÿwæ¤ù ćwă
 ìĊùvºíT2  K¹½v¹ ć¾£ ĈýđĀÕ

 ÿ¹TE ÷vºí ºĉ¾Ċòz ¾Úý ½¹ ĈÉw~vÿ Ĉþ´þù ćÿ½ v½ äö¤¸ùTE üĊz v½ ć¾¤Ąz ¢Åv¾¤þíA ÿBKºþí Ĉù øăv¾å
TE ¾§v āw£ĀíT2*ºă¹ Ĉù Èăwí v½
TE ĈýđĀÕ ¾§vT2*ºă¹ Ĉù ÈĉvÀåv v½

)e1)(e)(H(NSI 1
*
2 T/TRT/TE --
-=

 ¢åwz ¢Åv¾¤þí$ û¿ÿT1 ÿT2 ÿPD5#
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 ¢åwz ¢Åv¾¤þí$ û¿ÿT1 ÿT2 ÿPD5#

TR ¾§v ĈýđĀÕT1 ºă¹ Ĉù Èăwí v½ ÿTE ¾§v āw£ĀíT2*ºă¹ Ĉù Èăwí v½)

 ĈþÞĉ û¿ÿ wz ć¾ĉĀÎ£PDøĉ½v¹)

)e1)(e)(H(NSI 1
*
2 T/TRT/TE --
-=
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 û¿ÿ wz ¾ĉÿwÎ£T1 û¿ÿ wz ÿT2 ĈýĀ£ÿ¾~ Ĉõwò¯ û¿ÿ wz ÿ$PD# 5
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T1¢åwzĂzĈòýĀò¯¿v¢Å¹û¹v¹ćÁ¾ývĂzÔĊ´ùãv¾Õvwĉx¼«ćÁ¾ýv¿vÔĊ´ùãv¾ÕvÔÅĀ£wĄýĀ£ÿ¾~Ă¤Æzvÿ¢Åv)züĉ¾¤ÊĊówê¤ýv
ćÁ¾ýv¾§oùwĄýĀ£ÿ¾~ĂzÔĊ´ùIãv¾Õv½¹Äýwí¾å¢í¾³ĈÞĊ{Õµ½ºă¹ ĈùĂí¾zv¾zÄýwí¾å½Āù½đºþÉwz)

>>w0$H2O#w
w0<$¡vºùw«#w
ºw0$Ĉz¾¯#w

(xjĈýđĀLÕüĉ¾L£T1v½¢Åv½v¹ÿĈþ´LþLù¢åwĉ¿wzT1ûjüĉ¾¤úíyĊÉv½¹½v¹)
(Ĉz¾¯üĉ¾¤ăw£ĀíT1v½¹½v¹ÿĈþ´þù¢åwĉ¿wzT1ûjüĉ¾¤ÊĊzyĊÉv½v½v¹¢Åv)
(ÜĉwùĈþĊu£ÿ¾~ÀĊýìĉT1āwL£ĀLí¹½v¹)
(¢åwzºùw«ìĉT1ÔÅĀ¤ù¹½v¹)

  ĂLÎ¸LÊLùT1wă ¢åwz
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  ĂLÎ¸LÊLùT1wă ¢åwz
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  ĂLÎ¸LÊLùT2wă ¢åwz

¾ñvüĊ ÅvwĄýĀ£ÿ¾~Üĉ¾Å¿wæúăwýºýĀÉT2āw£Āí¢Åvÿ¾ñvĂzĈò¤Æăj¿wæúăwýºýĀÉT2ĈýđĀÕ¾£¢Åv)
Èþîúă¾züĊ Åv(üĊ Åvÿ½¹Ă¬Ċ¤ý¢Ý¾Å¿wæúăwýûºÉ½¹xjôĊõºzĈñºþív¾~wĄýĀ£ÿ¾~øí¢ÅvÿT2xjĈýđĀÕ¢Åv

,(xjT2ĈöLĊL·ĈLýđĀLÕ¹½v¹)ÄL~Ĉþ´þLùĈÉw~vÿT2ûjćv½v¹yĊÉĈöĊ·Ĉùv½j¢Åv )
-(¢LåwLzºLùwL«T2Ĉăw£ĀLí¹½v¹ÿ½¹Ă¬Ċ¤ýĈÉw~vÿûjMw¤{ÆýÜĉ¾Å¢Åv)
.(Ĉz¾¯T2ÔÅĀ¤ù¹½v¹)
/(ÜĉwùĈþĊu£ÿ¾~Ă¤ÆzĂz½vºêùIüĊu£ÿ¾~T2āw£ĀíwĉÔÅĀ¤ù¹½v¹
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  ĂLÎ¸LÊLùT2wă ¢åwz
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  ĂLÎ¸LÊLùT1wă ¢åwz
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ćwLă ĂLÎ¸LÊLùT1ÿT2wă ¢åwz
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ćwLă ĂLÎ¸LÊLùT1ÿT2wă ¢åwz
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ćwLă ĂLÎ¸LÊLùT1ÿT2wă ¢åwz ĈýĀ£ÿ¾~ Ă¤ĊÆýv¹ ÿ
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 ûj ô´ù ÿ Ç¾z ¢ùw¸Ñ üĊĊÞ£ ½¹ ½Āù½đ Äýwí¾å ÿ ûvºĊù ¡ºÉ üĊz ĆÖzv½

Ç¾z xw¸¤ýv5
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 Äõw~ ºýwz ćwþĄ~ wz Ç¾z ¢ùw¸ÑRF ÿĀÉ Ĉù üĊĊÞ£ ûwĉ¹v¾ñ yĊÉ¹  )
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Ç¾z ô·vº£5

ô·vº£ 5þí I¹½vºý ój āºĉv ĈÞz¾ù ôîÉ Ăĉ½Āå ôĉº{£ Ĉ¤éÿ wă xĀõ ą½w
ºþþí Ĉù ĈýwÉĀ úă ¾òĉºîĉ wz Ăĉ½Āå ôĉº{£ ½¹ )

ĈõvĀ¤ù ćwă Ç¾z üĊz ĂöÍwå û¹¾í ¹½vÿ wz ô·vº£ û¹¾í øúĊþĊù)
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Ç¾z ¢ùw¸Ñ5

 Ç¾z ¢ùw¸Ñ Èăwí ćv¾za # ÿ øí ºýwz ćwþĄ~ wĉb #¹ÿ½ Ĉù ½wîz ¾¤ÊĊz ûwĉ¹v¾ñ wĉ
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j ½¹ ûwÅĀý ÿ ćv Ăêö³ ¡v¾§v Ăí ¹½v¹ ĈÞz¾ù Ă{É ôîÉ wĄ¤ýv ¿v āºÉ ÜÖé ìþĊÅ Üzw£ Ăĉ½Āå ôĉº{£¹ĀÉ Ĉù āºĉ¹ û)

 ) ½¹ ā¹wæ¤Åv ¹½Āù ćwĄýwĉ¹v¾ñMRI ºþ¤Æă ĈÖ· đĀúÞù$ćwĄ¤îæĊ£½j ¢öÝ ûwĉ¹v¾ñ û¹Āz ĈÖ·¾Ċá Üévÿ ½¹ øă Ăz
¢Åv ĈÅºþă Ĉò¤¸ĉ½.

¢îæĊ£½j ÿ Ç¾z xw¸¤ýv5
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 ½Ā´ù ćw¤Åv½ ½¹ ¡wÝĒÕvx IÇ¾z ówúÝv wz¢tv¾é ûwĉ¹v¾ñ wĉ Äýwí¾å ć½v¼ñºí ûwĉ¹v¾ñ IGxzºĉj Ĉù ¢Åº)

ĈĉwÒå ć½v¼ñºí5

Gz$ûwĉ¹v¾ñxw¸¤ývÇ¾z#v½½¹ûwù¿ówÅ½vÄõw~üÉÿ½ÿÄ~¿vÄõw~ÇĀùw·ĈùøĊþí)
 ûwĉ¹v¾ñ v¹º¬ù ÿ øĊ¤Å¾å Ĉù wă üĊ Åv ¹º¬ù û¹¾í¿wå øă ćv¾z v½ Äõw~ ìĉ üĊþ°úăGz  üÉÿ½ Äõw~ óĀÕ ½¹ v½

øĊþí Ĉù ) ûwù¿ ¿v ºÞzTE¹ĀÉ Ĉù ¢åwĉ½¹ Āív ìĉ )¢Åv Ç¾z ôí ¿v ĈõwþòĊÅ IĀív üĉv)
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4cos ɤ0 t 6ºĉj Ĉù Ç¾z ÷wú£ ¿v Ăí ĈõwþòĊÅ6wă ôÆîĊ~ ÛĀú¬ù

 ½Ā´ù ćw¤Åv½ ½¹ ¡wÝĒÕvx IÇ¾z ówúÝv wz¢tv¾é ûwĉ¹v¾ñ wĉ Äýwí¾å ć½v¼ñºí ûwĉ¹v¾ñ IGxzºĉj Ĉù ¢Åº)

ĈĉwÒå ć½v¼ñºí5

ûÿºz¹Ā«ÿûwĉ¹v¾ñ½¹¢Ą«xĈõwþòĊÅ¢ÅºzĈùøĉ½ÿjĂí¾zv¾z¢ÅvwzÛĀú¬ù÷wú£ćwĄõwþòĊÅ¾ă~ôÆîĊ
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Ĉ¤éÿĂLLzIÄĉ¾LL£wLùûwLLĉ¹v¾ñÄýwí¾LåówúÝvĈùI¹ĀÉ¾ă¤ÅIûĀ
ćwĄÆýwí¾åĈæö¤¸ùºþăvĀ·¢Év¹5&ɤ0Iɤ0ÿ(ɤ0

 ĈĉwÒå ć½v¼ñºí$å ć½v¼ñºí ûwĉ¹v¾ñÄýwí¾Gx5#
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(aówþòĊÅÿôĉº{£Ăĉ½Āåûj)ô{é¿vówúÝv
Iûwĉ¹v¾ñIówþòĊÅÄýwí¾åɤ0¹½v¹)

(b#ºÞz¿vówúÝvIûwĉ¹v¾ñÄýwí¾åGxIówþòĊÅ
ĂÅÄýwí¾åºăvĀ·¢Év¹ĂíôîÉ©Āùÿ
ôĉº{£Ăĉ½ĀåwĄýjûwÊýā¹v¹āºÉ¢Åv)

Äýwí¾åÿô´ùôÆîĊ~ĂÖzv½ìĉĂzìĉºý½v¹)

 ĈĉwÒå ć½v¼ñºí$å ć½v¼ñºí ûwĉ¹v¾ñÄýwí¾Gx5#
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 ĈĉwÒå ć½v¼ñºí$ ¿wå ć½v¼ñºí ûwĉ¹v¾ñGy#5

ûwĉ¹v¾ñć½v¼ñºí¿wåGy½¹ćw¤Åv½½Ā´ùy

ówúÝvĈù¹ĀÉ)üĉvûwĉ¹v¾ñMđĀúÞùüĊz
ćwĄÆõw~90Ă«½¹ÿ180Ă«½¹ÿwĉüĊzÄõw~

180Ă«½¹ÿĀívówúÝv¹ĀÉ Ĉù)
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ĈĉwÒå ć½v¼ñºí5

F T
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Ç¾z ¢ùw¸Ñ5

ÿ¹Äõw~90ÿ180Ă«½¹øĉ½v¹ĂíĂzĂöÍwåĈýwù¿TE/2ĈöĊùĂĊýw§¿v¾òĉºîĉ½v¾éºý½v¹)
Ä~¿v¢É¼ñTEĈöĊùĂĊýw§ºÞz¿v¾ăÄõw~RFìĉĀívøĊăvĀ·¢Év¹)
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Ç¾z ¢ùw¸Ñ5

 Ç¾z xw¸¤ýv ûwLLLLLLLĉ¹v¾LLñ$Gz # Äõw~ ÿ¹ ¾ă ûwù¿ ¡ºù ½¹ v½RFøĊþí Ĉù üÉÿ½  )
 Äõw~ ìĉ xw¸¤ýv wzRFÊù ûwîù ½¹ Ç¾z ìĉ øĊývĀ£ Ĉù yÅwþù ºýwz ćwþĄ~ ÿ Äýwí¾å wzÌ¸ wz

øĊþí xw¸¤ýv Ì¸Êù Ĉ¤ùw¸Ñ)
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Ç¾z ¢ùw¸Ñ5

¿wå ć½v¼ñºí ûwĉ¹v¾ñ ìĉ IĀív ¢åwĉ½¹ ¿v ô{é ¢Å½¹$Gy #¹ĀÉ Ĉù ā¹¾z ½wîz )
 Lîz ½ÿ¹ ìĉ ½¹ ć½v¹¾z ĂýĀúý üĊ³ ½¹ ¢Åv üîúù Ăí ¢Åv ćv Ăö³¾ù ºþ¯ ¿wå ć½v¼ñºí  ā¹¾Lz ½w

¹ĀÉ)
mohammadiph@yahoo.com
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Ç¾z ¢ùw¸Ñ5

ûwĉ¹v¾ñć½v¼ñºíÄýwí¾å$GX#½¹óĀÕā½ÿ¹Ĉýwù¿½¹Ĉ£ºùĂíĀív¢åwĉ½¹ĈùI¹ĀÉüÉÿ½
Ĉù¹ĀÉ)
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Ç¾z ¢ùw¸Ñ5

½¹TR½ÿ¹ºÞzüĊúăºýÿ½½v¾î£Ĉù¹ĀÉ)Ôêå½w{þĉvĂö³¾ùć½v¼ñºí¿wåwzûwĉ¹v¾ñĈÆĊÕwþâù
ć¾¤æĊÞÑ÷w¬ývĈù¹ĀÉÿ½¹ìĉĂö³¾ù½¹ćwÒåk$¡wÝĒÕv#¾£đwz½v¾éĈù¹¾Ċñ)

mohammadiph@yahoo.com

mailto:mohammadiph@yahoo.com


44

ĂöÍwåĂýĀúýć½v¹¾zāw£Āí$ĈþÞĉĂýĀúýć½v¹¾z¾¤ÊĊz#¦ÝwzĈù¹ĀÉw£©vĀùvz¾ùĈÞ¿v¾òĉºîĉ
¾£½ÿ¹ºýĀÉ)

ĂîĊùwòþăĂöÍwåĂýĀúýć½v¹¾zĈöĊ·ĈýđĀÕ¹ĀÉ$ĈþÞĉĂz¹vºÞ£ĈåwíĂýĀúýzć½v¹¾÷w¬ývāºÊý
ºÉwz#©vĀùvĈÞz¾ùĈýwÉĀ úăĈùºþþí$w£ĈñºÉµ½Ĉùºă¹#)
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ûĀýwé¢ÆĊtĀîĉwý5¾ñvɤmaxÄýwí¾åøúĉÀíwù½¹ówþòĊÅIºÉwzÄýwí¾åĂýĀúýć½v¹¾zzºĉw
ôévº³ÿ¹¾zv¾zÄýwí¾åøúĉÀíwùówþòĊÅºÉwzw£ĈñºÉw£µ½ºăºý)
ĈþÞĉ5

6ć½v¹¾z ĂýĀúýɤ
max

s

2
T

1
w²

D

ss TNT D³=

sT

1
BW

D
=

wz ¢Å¾zv¾z ¹ĀÉ ć½v¹¾z ĂýĀúý ówþòĊÅ ¿v w£ ºÊí Ĉù óĀÕ Ăí Ĉýwù¿5
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A simple object as example

0 1 1

1 2 0

-2 0 1



Before applying Gx or Gy









Received signal after application of both Gx and Gy



One-to-one  relationship between 

frequency and position along x axis

and between phase gradient increment 

and position along y direction



Preliminary deconposition of signal into its Real 

and Imaginary components

The signal is brought back to 0 frequency from 

carrier 64 MHz



The Imaginary K-space provide a sense of 

left-right or up-down Direction



The phase gradient corresponding to 

top and bottom of k-space have 

opposite polarities



Because the Sine function is odd the left 

half of signal is the reverse of the right half



K-space conjugate (Hermitian) symmetry 

by adding Real and Imaginary components



Half or (fractional) NEX reduces scan time 

but lowers SNR

Fractional Echo allows TE to be shorter 

for Fast scanning



The entire k-space can be constructed 

by ¼ NEX but phase error is created 

due to imperfection in data symmetry


