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MR Image Formation

Four basic steps are involved in getting an MR image: ¢l susa o Jsaall Ll @l shd g ) (acal
2 uhilial)

1. Placing the patient in the magnet cadbbiaal A (a4l gz

2. Sending Radiofrequency (RF) pulse by coil wilall gk ce (5000 238l ez Jua )

3. Receiving signals from the patient by coil wilall @k ¢ (2l (o @ LEY) Jliul

4. Transformation of signals into image by complex processing in the computers. dJ:ss

LSigmall) 8 jgal A Bakaall dadlaal) Bk 0o B gea ) il LEY)

How do protons help in MR imaging? ¢ khliaal ¢l s sail) A il selud cis

Protons are positively charged and have rotatory movement called spin. Any moving
charge generates current. Every current has a small magnetic field around it. So every
spinning proton has a small magnetic field around it, also called magnetic dipole moment.
Without magnetic field, protons in human body move randomly in any direction. When
patient is placed in the magnet, these randomly moving protons align and spin in the
direction of external magnetic field. Some of them align parallel and others anti-parallel
to the external magnetic field. sias ate diad gl o)l o 430590 48 o Ll g o) IS & gadia cligig )
el AU 250 Uyl e cAdga jiua unkilite Jlaa 4l Hod (gig e JS G IL Alga (e e bl Jlae 4pal U5 JS L)L
(malinal) (B el g o Lasie ol gl (B (i 930 JSs Ll poid (B i g gl AT praaliiall Jiaal) (3% prashaliial

Nea e AV Gandl g o) 5l Blila Lpudany A WY udiliaall Jlaal) oladl b ) giig A pdie J08 AS adial) ciligig pall o cibual
(A unlital) Jlaall

When a proton aligns along external magnetic field, not only it rotates around itself
(called spin) but also its axis of rotation moves forming a ‘cone’. This movement of the

axis of rotation of a proton is called as precession. /3 ubiia) Juaall Jsb Ao 059 cibay Laxie
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Spin: Rotation of proton
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Spin is rotation of a proton around its OWn axis....s> s 05553 g2 s O s

Spin versus precession.

Precession is rotation of proton axis itself under the influence of external magnetic field

such that it forms a ,,cone* Jsi Sy a3 ashliaa) Jlaal) 5 cad 4wdi Qg8 jsaa g A Bkl

"LLJJ&-A"

The number of precessions of a proton per second is called precession frequency. It is

measured in Hertz. .50 4l ohy 5 oalal) 235 s 4l 8 ¢ gigul) lS ja e o 3lla)

Precession frequency is directly proportional to strength of external magnetic field.

Stronger the external magnetic field, higher is the precession frequency.

This relationship is expressed by Larmors equation: uhbiaall Jlaall 5 58 aa il J 5 jalall 23 55 quulily
1o5a Y Aslaay 4Bl 038 (o usril) Al Ao B alual) 33 53 (S LalS (5 681 A A psdiliiall Jlaall (S LalS | o )
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Where W, = Precession frequency in Hz B, = 2.5
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Strength of external magnetic field in Tesla &4

M (4 o2 JAY uhaliall Jlaal)

v = Gyromagnetic ratio, which is specific to particular nucleus st dald (2 5 dbilina gl dudl)
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Precession frequency of the hydrogen proton at 1, 1.5 and 3 Tesla is roughly 42, 64 and

128 MHz respectively. . s o 5 e 1289649 42 Ly & o M 35 1.55 1 288 G gugd) g B akaall 23 5

Longitudinal Magnetization ! skl ki)

External magnetic field is directed along the Z-axis which is the long axis of the patient as
well as bore of the magnet. Protons align along positive and negative sides of the Zaxis.
There are always more protons spinning on the positive side or parallel to Z-axis than
negative side. So there are a few protons on positive side that retain their forces. Forces of
these protons add up together to form a magnetic vector along the Z-axis. This is called as
longitudinal magnetization. cliss gz sall dishll jsaal) 2 g — saall Job Ao (Al bl Juaal) 4 58 ol
5 298 A g g (pa S s Laila da gy eSS0 Al g Al il gl Jsbe e il gl cilans | Gashabiieal) iy s
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More protons precess After cancelling few Forces add up

along +ve side of Z-axis remain along +ve Z-side to form LM

Longitudinal magnetization

Transverse Magnetization 4. ! ikl

The next step is to send radiofrequency (RF) pulse. The precessing protons pick up some
energy from the radiofrequency pulse. Some of these protons go to higher energy level and
start precessing antiparallel (along negative side of the Z-axis). The imbalance results in
tilting of the magnetization into the transverse (X-Y) plane. This is called as transverse

magnetization. .50 2380 (i (e A8l (lary Apeal) Sl g5 g sall SR A g2 3 a8 (dad Juaa ) (A Al 3 gladl) g
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Transverse magnetization. Magnetization vector is flipped in transverse plane by

the 90 degree RF pulse

In short, RF pulse causes titling of the magnetization into transverse plane. cas g2 < laisly
(2 s giall g Aaiial) Ala) ) (g 9330 A1 33 )

The precession frequency of protons should be same as RF pulse frequency for the
exchange of energy to occur between protons and RF pulse. When RF pulse and protons
have the same frequency protons can pick up some energy from the RF pulse. This
phenomenon is called as “resonance”- the R of MRI. & 2250 (udi s Glisis sl 20,0 058 O e
et i) ki Sl g g pill 9 (5 gl A SN ! 9 Ladie S A landg Cligd gl G BB JALT Ctay s S 294
sl iy sl s Lo 38 5 — "yl A s 5 J0 LN 038 oy SLaaSUI N s AL nty UL 575 pul] Sy
RF pulse not only causes protons to go to higher energy level but also makes them precess
in step, in phase or synchronously. J: «owad Jof & (5 giaa ) @l ) JEEI ) 523000 23530 G g2 Y
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MR Signal

Transverse magnetization vector has a precession frequency. It constantly rotates at Larmor
frequency in the transverse plane and induces electric current while doing so. The receiver

RF coil receives this current as MR signal (Fig. 1.4). Jsaiul jss il 205 43 & jicaal) ddaiial) JBU
(1.4 JSal) 3 LIS Ll 13s Jliiad) cile Jay @l ALY U5 Ll jgS 108 a9 a paiesal) (s gianal) (B 5 ga Y 23 50
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MR signal

The strength of the signal is proportional to the magnitude of the transverse
magnetization. MR signals are transformed into MR image by computers using

mathematical methods such as Fourier Transformation. ai .4zl daiall asa aa 5 L3Y) 5 68 conlisi
s sh a3 Jia Al 1) (3 k) al il 5 seal) 5 gl Anaa) 53 (puaallital) (usi sl 5 sean () puaslabiiall cyi sl ) Jy s
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