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Sliso polie i ol w (V) SecKog 0§ due

Nuclei (Inpaired Protons [Unpaired Neutrons Net Spin | (WMHz/T)
'H 1 () 172 42 58

‘H 1 1 1 t. 54

Ap 1 () 172 17.25
a1 2 A 11.27
B 1 1 208

13 (] 1 172 1071

PF 1 () 172 40.08
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T2* not T2 1/T2*=1/T2 + 1/T2_inhom.

M) = My + {M(0) — M, } exp(-#/T1) M,.(#) = M,(0) exp(~1/T2)

saturation—rec overy
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4233 YA+ by (o5 T = (sl oot

« FID also diminishes due to local static
magnetic field inhomogeneity

« Some spins precess faster and some
slower than those due to B,

/*

Spin Echo Signal

« 180° RF pulse reverses
dephasing at TE (echo time)
« Residual decay due to T2
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P = ol JUSw

TR (repetition time) = time between RF excitation pulses

- — N
90° 180° 90°
pececccccccccccccccccccce eepeceecescceccsccsctsctsctsccsscsscsscsscsscsscssnsee >
FID Spin Echo
/\ N\ N A ~, I
VA A A
_ TE/2 TE/2 . |
\_ =/

TE = time from 90° pulse to center of spin echo
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T1W T2W
S(TRTE) o pfl — ™" }%—TE/Tz } SE

Ol‘p{l—e_TR/Tl }{e—TE/TZ* } GRE

p - proton density
SE - spin echo imaging
GRE - gradient echo imaging

Te Tz Image Weighting
Short Long Proton
Short TEs reduce T2W

Short Short T1 Long TRs reduce T1W
Long Long T2, T2"
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B,=1T cibizke ledly ol T2 9 T1 aiges olic

Tissue T1 (ms) T2 (ms)
Grey Matter (GM) 950 100
White Matter (WM) 600 80
Muscle 900 50
Cerebrospinal Fluid (CSF) 4500 | 2200
Fat 250 60
Blood 1200 | 100-200
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Slice Selection
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m,] frequency
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Making an Image
k-space (frequency domain)

A k-space domain
Image Is formed using frequency
and phase encoding
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The k-space Trajectory

Equations that govern 2D k-space trajectory

kx =y J,t G, (t) dt
If G, IS constant kx = yG, t

ky =y Jg" G, (t) dt
It G, Is constant Ky =yG,t’

The kx, ky frequency coordinates are established by
durations (t) and strength of gradients (G).
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Full sampling
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Sampling low frequencies
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Sampling high frequencies
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Simple MRI Frequency Encoding:

RF Excitation ﬂ(\f\

Slice

Selection (G,) |

Frequency
Encoding (G,) i
digitizer on

Readout -

Exercise drawing k-space manipulation
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The k-space Trajectory

Frequency
Encoding
Gradient

(G

Move to left
side of k-space.

i

Digitizer records N
samples along kx
where ky =0
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Simple MRI Frequency Encoding: Spin Echo

cion i A
Iy

i

Slice
Selection ]
Frequency ] —
Encoding (G,)
digitizer on
Readout -

Exercise drawing k-space representation
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The K-space Trajectory

Digitizer records N
samples of kx
where ky =0
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Frequency and Phase Encoding for 2D
Spin Echo Imaging

180

excite
i

Slice

Select J

kx Frequency -

Encode

Phase
Ky  Encode

digitizer on

Readout
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The 2D K-space Trajectory

Digitizer records N
samples of kx and
N samples of ky
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Achieva |.5T Pulsar/SE

Preferred Room Layout

The layout shown below is based upon a typical equipment configuration and should be considered as a general design guideline. Site conditions,

application requirements, customer preferences, and/or equipment configuration may significantly impact suite design and equipment layout. Itis

recommended to request site-specific drawings from a Philips representative early in the design process.

7.0t P
21 34mm] [1981mm)
Parent Wal

RF Wall
Finished Wal —|

Cusmmerto
provideirswal
counter

By

lsocentsr

7

[#419mm]

19-9"
602}

IWxTH £WxTH

Door min. REDoor.
[Recommend Door to apen
AW X7 H] outward

1 Gauss
(Controlled Zone) 5 Gauss
0 Gauss

Equipment Layout

Ceiling Height Guide
Equipment Room: 10'- 6" (3200 mm) Recommended
92" (2795 mm) Minimum
Exam Room Suspended Ceiling: 833" (2520mm) Required
Exam Room RF Ceiling:
Helium Waveguide Through RF Wall : 9'-9" (2970 mm) Mi
Helium Waveguide Through RF Ceiling: 100-04" (3060 mm) Minimum
Control Room: 9'-10" (3000 mm) Recommended
7-3" (2200mm) Minimum

PHILIPS
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Resistive magnets

ADNANTAGES CRSACHANTAGES

Low capial cone rich poww Copaurphon
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RESISTIVE MAGNET Liw 0 Vwge i)
(cross section)
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Superconducting Magnets:
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(copper, niobium, titanium)

Current density o/

* *
Critical temperature, L, ¢ # w ( ; 3D | LO
current density, and magnetic . ¢ w‘ d‘f . h))-) Lg o ) d

field boundary separating

superconducting and normal / JC (T=0 K H= 0)

oo st oo by g Hlid og dguxe (0,9
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ile oo SU

Tc(H=0,J=0)

Temperature T Magnetic field H
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oS sl i SO S -
slail 31 SO oS 50 g
| cumetetn | Gewwe | Gewees |

0.15T-7.0T
Field Strength o ) 0.02T-0.2T (limited) ~0.3T (limited)
(high field possible)
. Good Moderate (<5ppm/20cm  Moderate (40ppm/40cm
Homogeneity i . .
(<5ppm/50cm dia.) dia.) dia.)
Stability Good Moderate Temp. dependent
Large
Fringe Field Small Negligible
(without shielding) e
Moderate low Hicp
(without shielding) 2
Emergency Shutdown Quench (expensive) Switch off Not possible
Negligible High None
Cryogen liquids Chilled water None
Manufacturing Costs High Low Medium
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0.1mT

Gradient ampl.
Single cabinet
Gradient ampl,
Dual cabinef

(SP gradients)

(HP gradients)

Erdu button

4800
(189.0")
m*\Amm cabinet for service ($) \\\ /
7 2L X
/ DACC \\ \ N
N N -
2> / '\ N\ / m .u.”
Mains switch & % NIE
—  fuses for MR 4ystem ($)
MDU ,
Earth bushbar %) m P Primary liquid cooling ($)
sacu-fan VA
Liquid cooling cabinet
== | NN
N\
—
Patient observation \
camera (#) o
< =16
Max. field strength 3T m m Systen filter box
—

Magnet

Patient trolley(#)

Coil caddy

Patient support

Accessory cabinet (#)

] 1920
\ [75.6"]

7000
75.6")

H

Erdu butten

Audio module

Patient observation monitor (#)

Operator's console
Note: operator's table (#)

4700

Chiller (#) ($)

(185.0")

—
Mains switch &

fuses for chiller (#) ($)

Dimensions In mm

{#) Optional
($) Not delivered by PH Best

Hard copy unit (#) ($)
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Safety is everybody's responsibility and it starts with us in Philips

J.wl.a R 0)5).» RO odgE LQ.J Toouo C;‘)}‘ )‘ ul.u.o.b‘ 9 ng‘ 6L® duuas.a 9 uLo‘IH wLC) b
Ao malys 15 o 390 ) 61,1 ol olfiws SulSia ionl ¢ S 1S o) e IS8T (toul lelll oo Lo b ol o @

e 50 o3l Gl el (e wigitd (6 80,8 S8 ST ayel (6, 80L ¢ b ol ey gl punloline Glase b (gl allate o )ls audlysy aSul sl @
sl

S8 b Ll az g conl Jawyy 6802 4 5lore (S az Sl 4 bgyje 500 050 (o0 plomil 05 0s0 Shjg0l Jins yy Jansgi (5 S xe
sl Sglae Koo dalaie a4y (gl ddlaie 5l Conl o gl Cole,y e 0,8 SO @ o bowd



ViN®;

This LST/3.0T magoet ls ALWAYS ON
Deze 1577107 magnest staat ALTIND AAN
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&SP 6
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* MRI Traininig\2020.02.17-Ambition-Shahid Rajaei Hospital-Tehran-
lran-Pl-Rev C(SL-Rev F).pdf

* MRI Traininig\Typical MIC site layout (1).pdf



MRI Traininig/2020.02.17-Ambition-Shahid Rajaei Hospital-Tehran-Iran-PI-Rev C(SL-Rev F).pdf
MRI Traininig/Typical MIC site layout (1).pdf

Typical fringe field

The magnetic field outside the magnet is called the fringe field. In the image so-called ISO lines or contour lines
are drawn. Each line represents a specific magnetic field strength
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Permissible magnet fields : MRI system parts
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Passive shielding




Passive shielding




CPAUCRT PR YRS JUVE PRI DUENALE ST

The axes are identified as:
e X = vertical axis (up positive, down negative)
e Z = horizontal front to back axis, length of the patient (front positive, back negative)

e Y = horizontal left to right axis (left negative, right positive)




Interactive: RF cage

O 0 N O U kA W N E

N N
H w RO

Rf feed through

Rf feed through

Rf feed through

Passive shielding
Opening SFB

RF Door

RF Cage inside Floor
Hospital Floor

Network Connection

Rf Window

RF Window
Airconditioning diffuser
Area Above suspended Ceiling
RF Cage



Wave guides




RF protection grid- Filter box

RF protection grid

Glass Glass




Blocking RF signals : The RF door




ERDU
Emergency Run Down Unit (ERDU) buttons are safety devices that MUST be installed and tested, before the magnet is
allowed to be energized. If pressed the magnetic field is gone within 20 seconds.




Quench Pipe:




Service Area

Examination room




Earthquake bracket

/—Ii Electrical insulation

= — No contact with floor!

Vibrationpad



Examination room Ceiling

0 I Height above suspended ceiling @1
Room height @ \l
h J =




>

Suspended ceiling
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ANL

7 Service opening part 2

—

Service opening part 1

SFB opening

4

Examination room




Technical Room:Cable ducts
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Examination room Technical room





