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http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%AE%D9%88%D8%B4%D9%87%E2%80%8C%D8%A7%DB%8C
http://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%DA%86%D9%86%D8%AF%D9%85%D9%84%DB%8C%D8%AA%DB%8C
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%DA%86%D9%86%D8%AF%D9%85%D9%84%DB%8C%D8%AA%DB%8C
http://fa.wikipedia.org/wiki/%D8%B3%DA%A9%D9%86%DA%A9%D8%AA%D8%AF%DB%8C%D8%8C_%D9%86%DB%8C%D9%88%DB%8C%D9%88%D8%B1%DA%A9
http://fa.wikipedia.org/wiki/%D8%B3%DA%A9%D9%86%DA%A9%D8%AA%D8%AF%DB%8C%D8%8C_%D9%86%DB%8C%D9%88%DB%8C%D9%88%D8%B1%DA%A9
http://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B1%D9%81%DB%8C%D9%84%D8%AF%D8%8C_%DA%A9%D9%86%D8%AA%DB%8C%DA%A9%D8%AA
http://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B1%D9%81%DB%8C%D9%84%D8%AF%D8%8C_%DA%A9%D9%86%D8%AA%DB%8C%DA%A9%D8%AA
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%AA%D8%A7%D8%A8%D8%B9%D9%87
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%AA%D8%A7%D8%A8%D8%B9%D9%87
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%D8%A7%D9%86%D8%B1%DA%98%DB%8C
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%DA%A9%D9%BE%DB%8C%D8%AA%D8%A7%D9%84
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%DA%A9%D9%BE%DB%8C%D8%AA%D8%A7%D9%84
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%D9%87%D9%84%D8%AA%E2%80%8C%DA%A9%D8%B1
http://fa.wikipedia.org/wiki/%D9%81%D8%B1%DA%86%D9%88%D9%86_%DB%B5%DB%B0%DB%B0
http://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D9%81%D9%88%D8%B1%D8%A8%D8%B2_%D8%AC%D9%87%D8%A7%D9%86%DB%8C_%DB%B2%DB%B0%DB%B0%DB%B0
http://fa.wikipedia.org/wiki/%D9%81%D9%88%D8%B1%D8%A8%D8%B2_%D8%AC%D9%87%D8%A7%D9%86%DB%8C_%DB%B2%DB%B0%DB%B0%DB%B0
http://fa.wikipedia.org/wiki/%D9%81%D9%88%D8%B1%D8%A8%D8%B2_%D8%AC%D9%87%D8%A7%D9%86%DB%8C_%DB%B2%DB%B0%DB%B0%DB%B0
http://fa.wikipedia.org/wiki/%D9%81%D8%B1%DA%86%D9%88%D9%86_(%D9%85%D8%AC%D9%84%D9%87)
http://fa.wikipedia.org/wiki/%D9%81%D8%B1%DA%86%D9%88%D9%86_(%D9%85%D8%AC%D9%84%D9%87)
http://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%AA%D8%AC%D8%AF%DB%8C%D8%AF%D9%BE%D8%B0%DB%8C%D8%B1
http://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%AA%D8%AC%D8%AF%DB%8C%D8%AF%D9%BE%D8%B0%DB%8C%D8%B1
http://fa.wikipedia.org/wiki/%D9%86%DB%8C%D9%88%D8%B2%D9%88%DB%8C%DA%A9
http://fa.wikipedia.org/wiki/%D9%86%DB%8C%D9%88%D8%B2%D9%88%DB%8C%DA%A9
http://fa.wikipedia.org/wiki/%D9%81%D8%B1%DA%86%D9%88%D9%86_(%D9%85%D8%AC%D9%84%D9%87)
http://fa.wikipedia.org/wiki/%D9%81%D8%B1%DA%86%D9%88%D9%86_(%D9%85%D8%AC%D9%84%D9%87)
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http://fa.wikipedia.org/wiki/%D9%85%D9%88%D8%AA%D9%88%D8%B1_%D8%AC%D8%AA
http://fa.wikipedia.org/wiki/%D9%85%D9%88%D8%AA%D9%88%D8%B1_%D8%AC%D8%AA
http://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87
http://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%AE%D9%88%D8%B4%D9%87%E2%80%8C%D8%A7%DB%8C
http://fa.wikipedia.org/wiki/%DB%B1%DB%B8%DB%B9%DB%B2_(%D9%85%DB%8C%D9%84%D8%A7%D8%AF%DB%8C)
http://fa.wikipedia.org/wiki/%D8%B3%DA%A9%D9%86%DA%A9%D8%AA%D8%AF%DB%8C%D8%8C_%D9%86%DB%8C%D9%88%DB%8C%D9%88%D8%B1%DA%A9
http://fa.wikipedia.org/wiki/%D8%B3%DA%A9%D9%86%DA%A9%D8%AA%D8%AF%DB%8C%D8%8C_%D9%86%DB%8C%D9%88%DB%8C%D9%88%D8%B1%DA%A9
http://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B1%D9%81%DB%8C%D9%84%D8%AF%D8%8C_%DA%A9%D9%86%D8%AA%DB%8C%DA%A9%D8%AA
http://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B1%D9%81%DB%8C%D9%84%D8%AF%D8%8C_%DA%A9%D9%86%D8%AA%DB%8C%DA%A9%D8%AA
http://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AC%D9%87%D8%A7%D9%86
http://fa.wikipedia.org/wiki/%D8%AC%D9%81%D8%B1%DB%8C_%D8%A7%DB%8C%D9%85%D9%84%D8%AA
http://fa.wikipedia.org/wiki/%D8%AC%D9%81%D8%B1%DB%8C_%D8%A7%DB%8C%D9%85%D9%84%D8%AA
http://fa.wikipedia.org/wiki/%D9%87%D9%88%D8%A7%D9%BE%DB%8C%D9%85%D8%A7
http://fa.wikipedia.org/wiki/%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%D8%B3%DB%8C%D8%AA%D9%87
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B2%DB%8C%D8%B9_%D8%A7%D9%86%D8%B1%DA%98%DB%8C_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%DA%AF%D8%A7%D8%B2%DB%8C
http://fa.wikipedia.org/wiki/%D9%84%D9%88%DA%A9%D9%88%D9%85%D9%88%D8%AA%DB%8C%D9%88
http://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:General_Electric_logo.svg
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http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%D8%A8%D8%A7%D8%AF%DB%8C
http://fa.wikipedia.org/wiki/%D8%AA%D8%B5%D9%88%DB%8C%D8%B1%D8%A8%D8%B1%D8%AF%D8%A7%D8%B1%DB%8C_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D9%85%D9%88%D8%AA%D9%88%D8%B1_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D9%86%D9%88%D8%B1%D9%BE%D8%B1%D8%AF%D8%A7%D8%B2%DB%8C
http://fa.wikipedia.org/wiki/%D9%84%D9%88%D8%A7%D8%B2%D9%85_%D8%AE%D8%A7%D9%86%DA%AF%DB%8C
http://fa.wikipedia.org/wiki/%D8%AC%D9%86%DA%AF%E2%80%8C%D8%A7%D9%81%D8%B2%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AC%D9%86%DA%AF%E2%80%8C%D8%A7%D9%81%D8%B2%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AC%D9%86%DA%AF%E2%80%8C%D8%A7%D9%81%D8%B2%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%B3%D9%88%D8%AF_%D8%AE%D8%A7%D9%84%D8%B5
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D8%A7%D8%B1%D8%A7%DB%8C%DB%8C
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%AA%D8%A7%D8%A8%D8%B9%D9%87
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%D8%A7%D9%86%D8%B1%DA%98%DB%8C
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%D8%A7%D9%88%DB%8C%E2%80%8C%DB%8C%DB%8C%D8%B4%D9%86
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%DA%A9%D9%BE%DB%8C%D8%AA%D8%A7%D9%84
http://fa.wikipedia.org/wiki/%D8%AC%DB%8C%E2%80%8C%D8%A7%DB%8C_%D9%87%D9%84%D8%AA%E2%80%8C%DA%A9%D8%B1
http://fa.wikipedia.org/wiki/%D8%A7%D9%86%E2%80%8C%D8%A8%DB%8C%E2%80%8C%D8%B3%DB%8C_%DB%8C%D9%88%D9%86%DB%8C%D9%88%D8%B1%D8%B3%D8%A7%D9%84
http://www.ge.com/
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http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D9%85%D8%A7%D8%B3_%D8%A7%D8%AF%DB%8C%D8%B3%D9%88%D9%86
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D9%85%D8%A7%D8%B3_%D8%A7%D8%AF%DB%8C%D8%B3%D9%88%D9%86
http://fa.wikipedia.org/wiki/%D9%84%D8%A7%D9%85%D9%BE
http://fa.wikipedia.org/wiki/%D9%84%D8%A7%D9%85%D9%BE
http://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%DA%AF%DB%8C%D9%86_%D8%B5%D9%86%D8%B9%D8%AA%DB%8C_%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
http://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%DA%AF%DB%8C%D9%86_%D8%B5%D9%86%D8%B9%D8%AA%DB%8C_%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
http://fa.wikipedia.org/wiki/%D8%A8%D9%88%D8%B1%D8%B3_%D9%84%D9%86%D8%AF%D9%86
http://fa.wikipedia.org/wiki/%D8%A8%D9%88%D8%B1%D8%B3_%D9%84%D9%86%D8%AF%D9%86
http://fa.wikipedia.org/wiki/%D8%AA%D9%87%D9%88%DB%8C%D9%87_%D9%85%D8%B7%D8%A8%D9%88%D8%B9
http://fa.wikipedia.org/wiki/%D8%AA%D9%87%D9%88%DB%8C%D9%87_%D9%85%D8%B7%D8%A8%D9%88%D8%B9
http://fa.wikipedia.org/wiki/%D8%AE%D8%AF%D9%85%D8%A7%D8%AA
http://fa.wikipedia.org/wiki/%D8%AE%D8%AF%D9%85%D8%A7%D8%AA
http://fa.wikipedia.org/wiki/%D8%A8%D9%87%D8%AF%D8%A7%D8%B4%D8%AA
http://fa.wikipedia.org/wiki/%D8%A8%D9%87%D8%AF%D8%A7%D8%B4%D8%AA
http://fa.wikipedia.org/wiki/%D8%A8%DB%8C%D9%85%D9%87
http://fa.wikipedia.org/wiki/%D8%B1%D8%B3%D8%A7%D9%86%D9%87%E2%80%8C%D9%87%D8%A7%DB%8C_%DA%AF%D8%B1%D9%88%D9%87%DB%8C
http://fa.wikipedia.org/wiki/%D8%AF%D8%B1%D8%A2%D9%85%D8%AF
http://fa.wikipedia.org/wiki/%D8%AF%D8%B1%D8%A2%D9%85%D8%AF

AN AL AL AN AN NN NN NN NN

NALANAANANNNNN NN NN NN NN

JLo e 51 s oigT oo jlonvay Ol i oybas y0 jLid ) 9 €Sy (gl (o2 Lol y g Wi o0 (uSxio |

sl 0 S (WIS gy 90 55has yblsas S Sl s 4S (ol

SIS yb 30 awdy gl Glgne a1y SO Sl e )b ol (5l Voof Jlw 50 (592 598 alxo

RUIW SO 3P PV S T SRR U SO LU VIS BRLIUW R SX S JU VIR UL ¥ JURNUWE

Oload g sy “S.mlj.o.m “sﬁfo’wg B! (g glas (Gl 1)l cawl Oyl &S W 0

Sl GUBES i Cans b 33 0 55 (ool €8 b WY 51 (K AARS o 4o S sl Iy
ol 31 9 0 1381y coges @ g (Jlw ol 50 SO SN Jlyier 8 5 plew 09 Fg2r glo Sixio
ol GBS 1 3oy S (Jlo 15 51 g &5 5 o321 855 3148 sog0l GBES 1 0303 35 ey

[31, [11] , [12] , [13]. .35 00 ogmmmo g2 ol 5L 0

-
.
. e

2 o Caddgo Gllgs ST .Cawl (LS, dnd Cadgiumo CudeS el e Sy SIl 1
oS g LS )5 18 0595 dw )0 oS bl patew Calidgo 1l 53 (BT 903 L b 0,
QLS (sl Laino) 9 Lo yd 53,597 ool 5 4 agaio o)l judy el SIS B (g yidoo s
ol 31 i (s oo Syl 53 g5 (551 3 Slinial 2 35 paS g 4S5 b il B kit

OLS ) Ao .35 o0 g (59 38 S i 01K 95 50 LS, Ao € Lo iy YT o )

62

AN A A A AN Ar A Ar A A Ar A Ar A Ay A A A A A A A

WA A A A AN A A A A A AN AN Ay



http://fa.wikipedia.org/wiki/%D9%81%D8%B1%DA%86%D9%88%D9%86_(%D9%85%D8%AC%D9%84%D9%87)
http://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%DA%AF%DB%8C%D9%86_%D8%B5%D9%86%D8%B9%D8%AA%DB%8C_%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
http://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%DA%AF%DB%8C%D9%86_%D8%B5%D9%86%D8%B9%D8%AA%DB%8C_%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
http://fa.wikipedia.org/wiki/%D9%85%DB%8C%D8%A7%D9%86%DA%AF%DB%8C%D9%86_%D8%B5%D9%86%D8%B9%D8%AA%DB%8C_%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
http://fa.wikipedia.org/wiki/%D8%B3%D9%87%D9%85
http://fa.wikipedia.org/wiki/%D8%B3%D9%87%D9%85
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%B3%D9%87%D8%A7%D9%85%DB%8C_%D8%B9%D8%A7%D9%85
http://fa.wikipedia.org/wiki/%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
http://fa.wikipedia.org/wiki/%D8%AF%D8%A7%D9%88_%D8%AC%D9%88%D9%86%D8%B2
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http://fa.wikipedia.org/wiki/%D8%B4%D8%B4_%D8%B3%DB%8C%DA%AF%D9%85%D8%A7
http://fa.wikipedia.org/wiki/%D8%B4%D8%B4_%D8%B3%DB%8C%DA%AF%D9%85%D8%A7
http://fa.wikipedia.org/wiki/%D8%AC%D9%81%D8%B1%DB%8C_%D8%A7%DB%8C%D9%85%D9%84%D8%AA
http://fa.wikipedia.org/wiki/%D8%AC%D9%81%D8%B1%DB%8C_%D8%A7%DB%8C%D9%85%D9%84%D8%AA
http://fa.wikipedia.org/wiki/%D9%82%D8%B1%D9%86_%D8%A8%DB%8C%D8%B3%D8%AA%E2%80%8C%D9%88%DB%8C%DA%A9%D9%85
http://fa.wikipedia.org/wiki/%D9%82%D8%B1%D9%86_%D8%A8%DB%8C%D8%B3%D8%AA%E2%80%8C%D9%88%DB%8C%DA%A9%D9%85
http://fa.wikipedia.org/wiki/%D9%82%D8%B1%D9%86_%D8%A8%DB%8C%D8%B3%D8%AA%E2%80%8C%D9%88%DB%8C%DA%A9%D9%85
http://fa.wikipedia.org/wiki/%D8%AC%D9%81%D8%B1%DB%8C_%D8%A7%DB%8C%D9%85%D9%84%D8%AA
http://fa.wikipedia.org/wiki/%D8%A7%D9%86%D8%B1%DA%98%DB%8C%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%AA%D8%AC%D8%AF%DB%8C%D8%AF%D9%BE%D8%B0%DB%8C%D8%B1
http://fa.wikipedia.org/wiki/%D9%84%D9%88%DA%A9%D9%88%D9%85%D9%88%D8%AA%DB%8C%D9%88
http://fa.wikipedia.org/wiki/%D9%84%D9%88%DA%A9%D9%88%D9%85%D9%88%D8%AA%DB%8C%D9%88
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%DA%AF%D8%A7%D8%B2%DB%8C
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%DA%AF%D8%A7%D8%B2%DB%8C
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http://fa.wikipedia.org/wiki/%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D9%82
http://fa.wikipedia.org/wiki/%D8%A8%D8%B1%D9%82
http://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86
http://fa.wikipedia.org/wiki/%D9%85%D9%88%D8%AA%D9%88%D8%B1%D9%87%D8%A7%DB%8C_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA
http://fa.wikipedia.org/wiki/%D8%AA%D8%AC%D9%87%DB%8C%D8%B2%D8%A7%D8%AA_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D8%AA%D8%AC%D9%87%DB%8C%D8%B2%D8%A7%D8%AA_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D8%AF%D8%B1%D9%85%D8%A7%D9%86
http://fa.wikipedia.org/wiki/%D8%AF%D8%B1%D9%85%D8%A7%D9%86
http://fa.wikipedia.org/wiki/%D9%85%D9%87%D9%86%D8%AF%D8%B3%DB%8C_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D9%85%D9%87%D9%86%D8%AF%D8%B3%DB%8C_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%DA%86%D9%86%D8%AF%D9%85%D9%84%DB%8C%D8%AA%DB%8C
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%DA%86%D9%86%D8%AF%D9%85%D9%84%DB%8C%D8%AA%DB%8C
http://fa.wikipedia.org/wiki/%D8%B4%D8%B1%DA%A9%D8%AA_%D8%AA%D8%A7%D8%A8%D8%B9%D9%87
http://fa.wikipedia.org/wiki/%D8%AC%D9%86%D8%B1%D8%A7%D9%84_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9
http://fa.wikipedia.org/wiki/%D8%AC%D9%86%D8%B1%D8%A7%D9%84_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9
http://fa.wikipedia.org/wiki/%D8%A8%D8%A7%DA%A9%DB%8C%D9%86%DA%AF%D9%87%D8%A7%D9%85%E2%80%8C%D8%B4%D8%B1
http://fa.wikipedia.org/wiki/%D8%A8%D8%B1%DB%8C%D8%AA%D8%A7%D9%86%DB%8C%D8%A7
http://fa.wikipedia.org/wiki/%D8%A8%D8%B1%DB%8C%D8%AA%D8%A7%D9%86%DB%8C%D8%A7
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http://fa.wikipedia.org/wiki/%D8%AA%D8%AC%D9%87%DB%8C%D8%B2%D8%A7%D8%AA_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%DB%B2%DB%B0%DB%B0%DB%B4_(%D9%85%DB%8C%D9%84%D8%A7%D8%AF%DB%8C)
http://fa.wikipedia.org/wiki/%D8%A8%D8%A7%DA%A9%DB%8C%D9%86%DA%AF%D9%87%D8%A7%D9%85%E2%80%8C%D8%B4%D8%B1
http://fa.wikipedia.org/wiki/%D8%A8%D8%A7%DA%A9%DB%8C%D9%86%DA%AF%D9%87%D8%A7%D9%85%E2%80%8C%D8%B4%D8%B1
http://fa.wikipedia.org/wiki/%D8%A8%D8%A7%DA%A9%DB%8C%D9%86%DA%AF%D9%87%D8%A7%D9%85%E2%80%8C%D8%B4%D8%B1
http://fa.wikipedia.org/wiki/%D8%A8%D8%B1%DB%8C%D8%AA%D8%A7%D9%86%DB%8C%D8%A7
http://fa.wikipedia.org/wiki/%D8%A8%D8%B1%DB%8C%D8%AA%D8%A7%D9%86%DB%8C%D8%A7
http://fa.wikipedia.org/wiki/%D8%B3%DB%8C%E2%80%8C%D8%AA%DB%8C_%D8%A7%D8%B3%DA%A9%D9%86
http://fa.wikipedia.org/wiki/%D8%A7%D9%85%E2%80%8C%D8%A2%D8%B1%D8%A2%DB%8C
http://fa.wikipedia.org/wiki/%D8%A7%D9%85%E2%80%8C%D8%A2%D8%B1%D8%A2%DB%8C
http://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D8%AA%D9%88_%D8%A7%DB%8C%DA%A9%D8%B3
http://fa.wikipedia.org/wiki/%D9%85%D8%A7%D9%85%D9%88%DA%AF%D8%B1%D8%A7%D9%81%DB%8C
http://fa.wikipedia.org/wiki/%D8%B3%D9%88%D9%86%D9%88%DA%AF%D8%B1%D8%A7%D9%81%DB%8C_%D9%81%D8%B1%D8%A7%D8%B5%D9%88%D8%AA%DB%8C
http://fa.wikipedia.org/wiki/%D8%B3%D9%88%D9%86%D9%88%DA%AF%D8%B1%D8%A7%D9%81%DB%8C_%D9%81%D8%B1%D8%A7%D8%B5%D9%88%D8%AA%DB%8C
http://fa.wikipedia.org/wiki/%D8%AA%D8%B5%D9%88%DB%8C%D8%B1%D8%A8%D8%B1%D8%AF%D8%A7%D8%B1%DB%8C_%D9%BE%D8%B2%D8%B4%DA%A9%DB%8C
http://fa.wikipedia.org/wiki/%D8%B1%D8%A7%D8%AF%DB%8C%D9%88%D9%84%D9%88%DA%98%DB%8C
http://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D8%AA%D9%88%D9%86%DA%AF%D8%A7%D8%B1%DB%8C
http://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D8%AA%D9%88%D9%86%DA%AF%D8%A7%D8%B1%DB%8C
http://fa.wikipedia.org/wiki/%D8%AF%D8%A7%D8%B1%D9%88%D9%BE%DA%98%D9%88%D9%87%DB%8C
http://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D8%B3%D8%AA%D9%85_%D8%A7%D8%B7%D9%84%D8%A7%D8%B9%D8%A7%D8%AA_%D8%A8%DB%8C%D9%85%D8%A7%D8%B1%D8%B3%D8%AA%D8%A7%D9%86
http://fa.wikipedia.org/wiki/%D9%86%D9%85%D8%A7%D8%AF_%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%B3%D9%88%D8%AF_%D8%AE%D8%A7%D9%84%D8%B5
http://fa.wikipedia.org/wiki/%D9%86%D9%85%D8%A7%D8%AF_%D8%AF%D9%84%D8%A7%D8%B1
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AF%D9%84%D8%A7%D8%B1_%D8%A2%D9%85%D8%B1%DB%8C%DA%A9%D8%A7
http://fa.wikipedia.org/wiki/%D8%AC%D9%86%D8%B1%D8%A7%D9%84_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9
http://www.gehealthcare.com/
http://fa.wikipedia.org/wiki/%D9%BE%D8%B1%D9%88%D9%86%D8%AF%D9%87:Ge-healthcare-logo.PNG
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o Superconductive, Short-bore )
Cylindrical o S9N S
short bore cylindrical
M ¥ S ¥ M ¥ IR
1.5 (typical 1.2) ppm
@ 50 cm DSV, 0.5
0.03 ppm @ 10 cm, (typical 0.32) ppm @ 0.5 ppm @ 40 cm,
0.05 ppm @ 20 cm, 45cm DSV, 0.25  0.12 ppm @ 30 cm, Homogeneity, ppm V-
0.1ppm @ 30cm, (typical 0.1) ppm @ 0.03 ppm @ 20 cm, RMS
0.25ppm @ 40cm 40 cm DSV, V-RMS 0.004 ppm @ 10 cm
(based on 24-plane
plot)
FAxPOxFD 50 x 50 X 50 50 x 50 x 45 Dimensions of
maximum useful FOV
and homogeneity, (X, v,
z),cm
<0.1 ppm/hr/day <0.1 ppm/hr ) 51 S Frequency drift,
ppm/day
Active, external
Active interference Active Shielding
shielding
Combination Passive and active Combination Main magnet shimming
3 linear channels
: with 20 coils, 5
with 18 super- <> _ Patient-specific
nonlinear second- sl himmi
i i i shimmin
coils conducting shim order channels with g
32 coils
~1 year (liquid
helium, single ) Cryogen refill
Jo ¥ logus Zero boil-off
cryogen, 2-stage frequency
refrigeration)
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=

ety

§o 3 e Bore diameter/height of
patient opening, cm

Total bore length, cm

Al 213, cover to cover \av

Ve d \FY I Bore length with
minimum opening, cm

Indirect lighting,
Bore lighting, adjustable airflow, 2-

ventilation, audio

Bore lighting,
_— _ headset, soft way
ventilation, audio

In-bore patient comfort

or system, feet-first ) mattresses, head coil features
) system system, video
head-first mirror, knee wedge
cushion
Optional removable
3)ls Trolley Detachable
tabletop and trolley
213.4 x 56 243x54 240 x 53 youilw (P yox Job (Sl
1o, Y5 Y. VALALY il 3 youilo « G881 Cas yuu
Q)LL;L\.w‘ é)'\-\)LHM‘ \5)'\5 OMT Yb
Syb g0 o luilwl  Detachable armrest psinoli Retractable armrest
A0 av oy ol (£l )l 1 oS
250 in vertical an (Joos P8 39 251
184 50 ertical and Ya. Jozxi B8 39 iSlas
horizontal movement _
P okS
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164 vo- 250 horizontal travel Limited mobility
164 Yo 159 vertical travel Full mobility
SOy 5 pdinls &)l Total angular access to
magnet isocenter, deg

S Ry

Sound pressure level

o095 Bdlxo 1 A4 51 s ).y <25 with headset | (SPL) at peak gradient

amplitude and slew
rate, dB(A

Force-balanced
gradient coil, epoxy
encapsulated body
coil (electrical and

mechanical),
optimized cover
Auto comfort design, headset (up
technology (gradient  to 25 dB), MR-
mat Vibroacoustic coil, body coil, compatible patient o )
magnet, sequence headset for in-gantry
design) music, SofTone
software (up to 30
dB), SENSE with
fractional reduction
factors by optimizing
slew rates without

penalty on scan time
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system Twin gradient TQ gradient Quasar Dual 3,laitiw! o
b+ 45 (x,y, and z axis) A. | Standard strength, z-
axis, mT/m
1 Yoo y.. | Standard slew rate, z-
axis, T/m/sec
. 71.5 (128 matrix), 8.2 o Spin  echo repetition

£ U & U
(256 matrix) time, msec
.. .14 (128 matrix), 1.5 o 2DGE repetition time,

& L; & L;
(256 matrix) msec
.. 1.4 (128 matrix), 1.5 .. .. | 3DGE repetition time,

Mmb ua:u.’&.ob
(256 matrix) msec
adeinols YA ot | ECho  spacing  (EPI),
msec
GOl GOl Liquid Optional name(s
GO lS i $05y5 i A- | Optional  strength(s),
mT/m
GO lS i 60535 ol v.. | Optional slew rate(s),
T/m/sec

Nonresonant,
shielded, water- and GOl Liquid Silw S g
air-cooled

VPeo cdg Yo ol 2,250 V/, 900 A o yls e | Amplifier TS
power/axis, kW
g2 ol Liquid bl (5l S5 b3
RF S )0 ¢ Jlw)
35 body, 4 head Yo A OlaghsS o295 ol
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rseili A asaol F ook (Jlu,l wib slag
100 @ 16 bits per . .
P 1,000 per channel 300 per channel | ¥ 2oks «cdl o b slug
channel
35 kV tube amplifier . -
P Solid-state Solid-state 2B ol g6
vacuum
Y LF A A \$ 3 ylaibiw! GLJULS sl
vy )oY asinols JUU glecod! Slaes
¥Y LIS A Y A vy | Optional channel
configurations
S FS S S5 Jg5 5SSl s
gueiay o LY | e o ues U o lastn! Job
gues ey \e Y F95 sl ;555G ol
Autodetection Silogi! Soilogi| Coil tuning technique
S PSinal Ao Parallel imaging
ARC ,ASSET, GEM IPAT SENSE Name
ASSET (k-space
) MSENSE and
based), GEM (image )
) GRAPPA  (image- s
based using SMASH Image-based SsS
based and Kk-space
and SENSE), ARC
based)
(data based)
Pre-scan for ASSET
and autocalibration iy iy el oIS S5

for GEM; no
calibration for ARC
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3-4; 7, half nex;
4 for 2-D scans, 16 for

additional factors o Maximum parallel
_ - 3-D scans with iPAT?2 ) ) o )
with  bidirectional ) 16 (varies by coil) | acquisition acceleration
) (with IPAT
accelerating or factor

) extensions)
partial phase FOV

b Jogs
3 ylailew! 3 ylai i Syls Integrated body
<l o/ Jlu, <dl o/ )l Quadrature &g
Y PETNE \$ o ool olass
| CcP | Jismo LJGLS slaxs
Yes, mSENSE and
) ~ GRAPPA  (image- ) )
With compatible | Parallel imaging
~ based and k-space I _
arrays receive ) compatible
based) in all
directions
Standard optional 32- . s luitw!
transmit/receive S luitew! P
head channel
Split-top, )
) ~ CP, matrix array, )
transmit/receive ) Phased array &y
receive only
guadrature
24 S-1 direction, 28 ) .
_ 30x30x33 23 x 22 il ¢ plad
diameter
WULAY VY A L cowdl Slax
Jiso LU Slaws
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8, optional <32 when

W L YA combined with other A
coils
5yl 50 s,ls | Parallel imaging
compatible

reflects front or . s,ls
3,

back of magnet

3,

Mirrors for patient head

Typically done in

o oy SENSE head T™J
coil brain or NV
$O Loop array Phased array &y
$O e v 23 x 22 il «ylad
60,5 s A b cowdl olass
O g f A Jiuo L JBLS Slues
5,03 5yl s,ls | Parallel imaging
compatible
) _ ) SENSE _
HNS With optional 8 lastewl _ 05
neurovascular coil 16
array Phased Phased array &y
cdl yo
90 S-1 A fo Pl (L G ) gy
ra f A b cowdl sloxs
4, 8, optional <32
V? when combined with V7 Juo glo JUIS sl
other coils
5,0 5yl s,ls | Parallel imaging
compatible
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array Optional HNS s,laitusl SENSE head/spine CTL spine

Lis oyl alyl

array Phased Phased array &y
<l o

90 S-1 A \Yo iouiib (b G ) gy

A& \A{ Yy L cowdl dlass

8, optional <32 when

V# combined with other V7 Jmno LIS Slaes
coils

3,18 3,1 s,ls | Parallel imaging

compatible

SENSE torso, torso
o,lwituwl XL, torso cardiac, oS/ (S
cardiac

Optional HD cardiac,
array HD torso

array Phased Phased array &y
<l o

30 S-1 and R-L
cardiac array; 48 S-1 32x52x4 Varies | sesiilo (e x Job olal
torso array

3,k 3,ls 3,18 Flexible

A 14 LYY N8 L coodl oluxs

6, 8, optional <32

A when combined with £ NP Jiuo gl JULS Slaxs
other coils

3,18 3,1 s,ls | Parallel imaging

compatible

Breast
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Optional HD breast

SENSE breast 4, 7
array
array Phased el yo Laiid ¢ 4yl Phased array 23
3,08 3)ls syls Bilateral
sl 3, 3l Biopsy access
A V7 ALY v.f b cowdl oluxs
A 1% ,A ¢ v.r Sz gl JULS Sloes
5,ls 5,0 5,0 Parallel imaging
compatible
Optional HD
shoulder array, - SENSE shoulder (L), »
O | PH W
shoulder phased (M)
array
Phased array or
concentric ~ phased el o bid ) Phased array &y

array

23 x 23.9 x 35.8; 10 x

44 x 49 Varies | sestilo (e x Job olal

9x 10 HD
8 HD f f L cowdl Sluss
3;8HD f f Jiwo gl JUIS Slas
3,05 5yl s,ls | Parallel imaging
compatible

array Optional torso

é)'»\)l.w)'

SENSE torso XL,

torso cardiac

Whole abdomen

&y
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bhis o ow b alyl

receive ,Quadrature Phased array
cdl e
3,19 3,0 3yle Flexibility
40 S-1 32x52x7 Varies | yiowiilu (o3 x Job wlal
A 14 Y .\ ¢ L cowoll sloxs

6, 8, optional <32

A when combined with gl Jiwo b JU slaxs
other coils

5yl 50 s,ls | Parallel imaging
compatible

Optional, compatible L )
_ | 3,1 Endocavity

array with HD torso

design Flexible OEM Medrad Linear &Y
s Yooye SOl pé | yrewilo (o e x Job Sl

Optional foot/knee or . - SENSE knee, )
Y Lower extremity

knee HD foot/ankle

CP extremity, 8-

. channel knee, 15-
<l o) Jlu, Phased array &y
channel

transmit/receive knee

3, 3yl Sl Flexibility

48.2 x 30.4 27 x 29 Varies iamiilas ¢ plad

40.5, CP; 40, 8-
¥+.f channel; 25.6, 15- Varies yiowiilo o Jab

channel
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9 HD knee 2CP, 8,15 A o cooll Sluas
8 HD knee; 1 . i .
2CP, 8,15 A Jiwo o JU sl
foot/knee
Yes, 8- and 15- Parallel imaging
Yes (HD knee array) syls _
channel compatible
Optional HD wrist
array, . : .
s)luibewl  SENSE wrist 4, 8 Upper extremity

transmit/receive

array wrist

Quadrature birdcage 4-channel flex array,

_ _ ) Phased array &y
transmit/receive receive only
3l syls Sl Flexiblity
17 x 36 small; 21 x 52 .
40 x 40 x 30 Varies il ¢ yla
large
17 x 36 small; 21 x 52 ) )
40 x 40 x 30 Varies yoaiilus o Jgbo
large
1; 8 HD f AL¥ L Cowdl slax
4, 8, optional <32
1; 8 HD when combined with ALY Jiwo b JUE slaxs
other coils
gRY 5yl s,ls | Parallel imaging
compatible
array Optional torso x| Coil combination o 39,2
receive ,Quadrature <dl o kid 4l Linear/phase array &y
3yls 3,08 Sl Flexiblity
40 S-1 Fo-¥e Varies il ¢ ylad
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40 S-1 AF Varies youtilo ( Job

A A\l d Varies b Cowdl sluxy

36, 8, optional <32

A when combined with Varies Jwo lo JU ol
other coils

5yl 5,0 5,0 Parallel imaging
compatible
Optional GP flex i Circular general-

3,103 Flex L, M, S
rectangular purpose
vy SOl Varies Fouiilo 9250 gl ks
3,005 ©O)l5 i 5,5 | Parallel imaging
compatible
sl 5,103 All anatomies | Dedicated parallel
imaging

All matrix coils, all

flex coils, CP head

Head, neck, and
double-loop  ,array 3,18 Combined

spine
array, endorectal

coils

Transmit/receive

knee, 15-channel
knee, 8-channel Transmit/receive
" wrist, 32-channel head coil and various b
head and body coils, SENSE-compatible
transmit/receive coils
wrist, 8-channel
foot/ankle, shoulder
oSl (LSS
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3 ylailew! S luitew! 3 ylailew! Echo planar imaging
s lslew!  Standard; SE, FID 3l Single shot
2-D/3-D segmented;
3 lailew! : 3 ylaibew! Multishot
SE and FID
IR, FLAIR, gradient
echo, spin echo, liver siandard: single-
’ MS-EPI, SS-EPI EPI pulse sequences
whole body .DWI shot, multishot P d
DWI, DTI
10,000 s/mm sqg (max
B-value), 150 tensor Yor Yoo Maximum EPI factor
directions
Standard plus Standard with neuro ) o )
_ _ S luilew! Neurologic imaging
options suite
. Standard with neuro ) )
ol _ S luitew! Perfusion
suite
. Standard, whole ) Diffusion weighted
O | 3 ylusbiw!
body imaging
Standard MDDW, 6
and 12 directions, o
o | Diffusion tensor
o! optional DTI o ! o
imaging
sequence up to 256
directions
Standard BOLD
_ -sequence, optional o )
ol | Functional MRI
inline BOLD
sequence, 3-D PACE
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Optional single voxel

spectroscopy, CSI for

NALANAANANNNNN NN NN NN NN

hydrogen nuclei )
- ) - | Spectroscopy (nuclei of
o (STEAM, spin-echo o | _
] interest)
techniques), GRACE
for breast
spectroscopy
Standard plus Standard with angio s ot -
options suite
. Standard  2-D/3-D ) _ ]
S luslew! S luilew! Time of flight
TOF, ceMRI
_Standard ceMRI ) )
S lusitew! S luilew! Peripheral
protocols
Standard bolus
s lbuwl tracking  protocols, S luilew! Bolus tracking
Care Bolus
crg] cr] R Interventional MR
. - Standard with ) o )
Rl _ _ S luitew! Cardiac imaging
cardiac suite
. Standard CINE
Rl S luilew! Cine
sequences
.. Standard 2-D; .
Rl _ Cin | Coronary artery
optional 3-D
. - Standard  wireless, _
Rt o Standard VCG ECG gating
inline ECG
R 3l S luitew! Motion compensation
sl Standard 2-D PACE 5 413! Prospective respiratory
gating
80
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Maximum number of

Ry 73l yS Y
dimensions
BLADE, NATIVE,
ASL, REVEAL,
SWI, SPACE, BEAT,
TWIST, ,GRACE
.. . DTl tractography, Standard
uaa&.ob ).‘[Lw
chorus MR, TimCT, noncontrast angio
breast imaging suite,
,MaplIT, fMRI
spectroscopy, 2-D/3-
D chemical shift
N B s n U LY U )."M" )’Lj}}‘éﬁ
AMD Opteron 252 T Y5 5 i FIRTR NN,
CPU
~.2x AMD Opteron .
oS o _ _ Windows Jole pans
Linux 64 bit
S2GBECEDORAD s a1 SYRLIE) ol
RAM
aFinoli Reconstruction
110,000 Maximum number of
Sequence and _
uncompressed (512 x VeY¥ | 256 x 256 slices per
dependent parameter o
512) acquisition sequence
8,694
reconstruction/sec )
5,400 2-D FFT s/sec Number of slices per sec
256 x 256 25% VYoo _
(256 x 256 full FOV) (256 matrix)
recFOV;,

simultaneous scan
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and reconstruction

>8 data sets

) YP-5F 1024 x 1024 2048 x 2048 Maximum matrix

«V/+,0 0.1/0.05 o Minimum slice
thickness 2-D/3-D, mm

) 0 0 Minimum FOV, cm
¥A 45, 30-35 typical in z o Maximum FOV, cm
sl ol seiol | Quantitative image

analysis tools

Standard calculation

time-to-peak maps;

optional inline - o )
standard FuncTool ) ! Perfusion imaging

perfusion (GBP,

PBP, TTP, CBV,

CBF)

Standard calculation

t-test maps; optional
FuncTool standard, inline bold evaluation -
_ _ _ _ | fMRI
BrainWave optional (motion correction, t-
test, t-value, color

overlay)

Standard ADC map

calculation; optional

standard FuncTool inline diffusion (real- S luitew! Diffusion imaging
time calculation trace

and ADC maps)

DTI analysis <256 diffusion -
) . .. | Diffusion tensor
included with Tensor directions, <16 B- | -
imaging

option values, 3-D
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tractography,
exponential  ADC,

texture diffusion

Optional flow
quantification, Argus
flow (mean/max
velocity, color-coded
o velocity), Argus | Cardiac imaging
function (peak/mean
velocity, total flow);
optional Argus 4-D

ventricular analysis

Standard 1-D, 2-D
PACE, dynamic
analysis package
includes  addition,
standard FuncTool subtraction, division, S luilew! Body imaging
multiplication, ADC
maps, T1, T2, z-
score, TTP, standard

deviation

Standard MIP,
targeted MIP, MPR
(including curved

reconstructions),

s luibewl syrface shaded s lwiewl | 3D image reconstruction
display, MinlP;
optional image

fusion, vessel view, 3-
D VRT, fly through
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CONTROL CONSOLE WORKFLOW

NALANAANANNNNN NN NN NN NN

HDx Syngo ExamCards | Standard user interface
Linux Windows Windows Jole i
Separate GE and site Yoo il >800, SA5 | oS (ySawl Ll g Slux
P LYE
databases protocol ExamCards
[-JS WW)
400,000
uncompressed 256 x ol K5 A ol 55 A S 0y b )b
256 images
4 GB ECC DDR 400 ol S F 5l e ol S P £)
DVD ,MOD CD/DVD DVD Removable media
Phoenix: DICOM
image-based method
protocol duplicates
CD ,MOD, DVD vig drag and drop; NetForum | Image protocol sharing
MAGNETOM
World posts Phoenix
images on web
23" wide screen LCD ) )
Autoalign, Phoenix,
flat-panel, 1920 x ) -
scan assistant, inline
1200 resolutiont ol SmartExam,
echnology, syngo,
providing 'PA'I?E/GRAIZPi) etrorum,
I )
prescription through _ SamesScan, | Features designed to
) ) Tim assistant,
image review and ~ " ,ExamCards, SENSE enhance workflow
) utilization
postprocessing, ili7ati
S management reports, izt
patient-base _
) structured reporting, BTN
worklist query, )
) auto coil control
broad worklist
84
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query, assisted-
acquisition protocol
setting, HDx gating
99% accuracy, HDXx
ProtoCopy one-click
downloading of
complete exam
protocols, AutoVoice
for breath-hold
instructions,
SmartPrescan
optimization for
consistent images

reducing setup time

SYSTEM INTEGRATION

DICOM

3 lailew! S luilew! s litewl | Modality worklist SCU
3l 3 lusliu! s lwbuwl | MR image storage SCU
3 ylslow! 3,litus! Standard (SCU only) Query/retrieve SCU and
SCP

3 515! 3 51 Licus! 5yl ius! Storage commitment
SCU

5yl us! 5 1ol 5,luitee! | Modality  performed
procedure step SCU

Fezead S kil MWL, PPS | IHE profiles supported

i g S A
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2.3 X 2.6, magnet

25x2.6x2.1 22x21x1.8 0 0§55 dlul
assembly
Y.0 Y.y Y5 Yo o £ )| ¢y yiS
5 axial x 2 radial 5.9 axial x 3.4 radial 5x 3.1 | Extent of fringe field

(0.5 mT, 5 gauss) in x, Y,

z directions, m

1eo ¥ VWooo d.A-. | Total weight w/cooling,
shielding, gradient/body
coil, kg
1.1 x 2.1, 2.4 corridor Minimum dimensions of
Y, FxY.f 21x25 . )
width opening required for
installation, W x H, m
Yo¥ vy NP | Gl e colun Slos
&y Yo (S
FO,F-¥5 4 vy 1) | ¢lp s colue fSlos
3  (includes  3/4 590 Sl Slasi 902
cabinet for water Y Y
) 3k
chiller)
L S 90 @
481 WYE, 277 VAC
FSe FFe FYe Fer YA
+100 AEAI A AR A RAR A
+10%, 60 Hz or 400 Al VAC . 5l
WYE, 230 VAC FAe
+10%, 50 Hz
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65 (system), 9

22.8 peak e (cryocooler
COmpressor)
Y pSiaoli Standby, kVA

FESY AARATA sloo

Er S sl ale
YaAaYA GO e A/C, BTU/hr

[5e-¥s Cagb yccl p

127.7 MHz
frequency; 215 cm
maximum scam
range; 51° viewing
angle; 1.0% linearity
@ 40 cm DSV; direct
digital sampling; 80
el ool MIHZ sampling Oluogas ple
frequency; 23"
monitor, 1900 x 1200
pixels monitor
resolution; standard
DICOM Enhanced
MR; optional

Ambient Experience.

b iy Sy Olpmd (Kbl (5591 o8 O3l Sl 39,51 olnl 59 Shg oussles

ANEFe MY Y\ ddd AQY Qe RYI g P
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Ol —SCg- ol — (Jlouds (6039 30w — (3l 305 31 YL — jardg — ol 5
—ygpwlas G yuiled Az gS el - ey ol sl bl STy (luse

) S ool 4z W ok FA S -0l Jlg

&S s lod ol

The Signa HDxt 3.0T
IS a proven and
powerful 3.0T
platform with high-

performance
components that
offers you crisp, clear

images

cwlosl

o bl oaiiS udgi
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(S9uzxo & yguo a)pet scan slgalwws b L]

ClS it qudd SO Lo g 1AVD Jlow o (STl (puas of o oINS 5o )b ol xSl ey

A) Sgb (0 (W0 (H95%0 1oy (85 b A ol o5 yos dwud b guiST 9900y paie SO (2] 5o

o 999,5 (o0 Gy slew o 4 (09 (o0 Cgue S gilie Jlrd Jolo (o beoudd Bl &

olws Jo10 4 655 pgal S sl (0,5 i 53 Olgo Ay Cu) (U o5 adg

Wbl (o0 35 o5 w60 59 ol Sglh (oo oolaiwl Hekiio iy &5 (e ge. g9 (oo S [yl
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NALANAANANNNNN NN NN NN NN

Koo 5o wlidizd g g3lw JICET 50 5 9 Lo ol juw 50 Ll ylows 5o oy (4w 039 ol
3335 65 o) 955 9 poslITe yguuin sl  SKinily ) Jio Cliast g 320 b 51,0 azmod b

. ..\J)Lb Forey)

50 lawjlow 50 (SO a5 Wil o HB A Jordeo (pSewl Sy oliws g0 (yloyelS o VY JLu

cosgled (oo WSy slow (69l Zramme (L jlows 3O (6,90 9 (S g

0955 (ow )y 9 slows M A (9% gy Sl (9,18 gy eole &9y sl ppet (5,18 p pgad

Sl g 50 ol &2 58

Ol 4wl ol o5 5 Ldl pos o 9 ol JSCloo (5955005 92 Sl (5 W 9,10 9305 ol o7 Y oo
Sgod dad o (y 95 olSw baw o 9 liw low Jxo jo [jpet o coliiwl 0590 sl g5l as b Jdo
P U aS o colyiuwl( cdl g 9515 ggi a4 dinn) Celw 1,0 (I oo as G5 51 g Hlows.
U oud ablw gld (49,5599 9 00 903 (Wblg 4 £900 (o 0 )10, S lay zooxi 45 890 oo
a5l aiglowy (o0 <L 4o 1y (8luno (i (50 (3018 Caws 31 g ool b 595 9 31 Jud
900905 635 5 3 ol b cewlicio 45) (551 old awd I b plad ol sl Bl 3 (39 5% 392
9739 - B (o0 |y poud g 5 Hoy SS9 ol S 5T (199 SN S Le( il (o0 138 ol (0 590
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AC - Alternating Current is a continuously changing flow of electrons that

alternates its polarity at a periodic rate.

ACQUISITION - the process of measuring and storing image data.
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ACQUISITION MATRIX - the total number of independent data samples in
the frequency (f) and phase (f) directions.

ACQUISITION TIME - the period of time required to collect the image data.
This time does not include the time necessary to reconstruct the image. ADC -

analog-to-digital converter

ALIASING (WRAP AROUND ARTIFACT) - the phenomenon resulting from
digitizing fewer than two samples per period in a periodic function. Aliasing
can occur in MR imaging whenever the area of anatomy extends beyond the
field of view. These areas extending beyond the field of view boundaries are

aliased back into the image to appear at artifactual locations.

ALTERNATING CURRENT (AC) - a current that continuously changes in
magnitude and direction. In the US the current changes at a frequency of 60
Hz.

AMPLITUDE - the signal height. The greater the amplitude of the signal, the

larger the number of protons in the image and the brighter it will appear.
ANALOG - being continuous, or having a continuous range of values.

ANALOG-TO-DIGITAL CONVERTER (ADC) - a system that receives
analog input data and produces digital values at its output. Used by the MRI
scanner to convert the received signal into a format more compatible with the

computer systems.

ANTENNA - a device that enables the sending and/or receiving of
electromagnetic waves. See also Transmitter, Receiver Coils and Surface
Coils.

ARCHIVING - the storage of image and patient data for future retrieval.
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ARRAY PROCESSOR - a dedicated computer system used to perform
Fourier transformations to accelerate the processing of the received numerical

data relative to the MR imaging process.
AVERAGING - see Signal Averaging.

AXIAL - a plane, slice or section made by cutting the body or part of it at
right angles to the long axis. If the body or part is upright, the cut would be
parallel to the horizon. B or Bo - a conventional symbol for the constant
magnetic field produced by the large magnet in the MR scanner. B1 - the
conventional symbol used for identifying the radio frequency (RF) magnetic
field.

BANDWIDTH (BW) - an all-inclusive term referring to the preselected band
or range of frequencies which can govern both slice select and signal

sampling.

CHEMICAL SHIFT - a variation in the nominal Larmor frequency for a
particular isotope within the imaging volume. The amount of shift introduced
Is directly proportional to the strength of the magnetic field, and is specified in

parts per million (ppm) of the resonant frequency.

CINE - a series of rapidly recorded multiple images taken at sequential cycles
of time and displayed on a monitor in a dynamic movie display format. This
technique can be used to show true range of motion studies of joints and parts

of the spine.

CIRCLE OF WILLIS - a large network of interconnecting blood vessels at the

base of the brain that when visualized resembles a circle.
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CLAUSTROPHOBIA - a psychological reaction to being confined in a

relatively small area.
CNR - contrast-to-noise ratio.

COHERENCE - the act of maintaining a constant phase relationship between

oscillating waves or rotating objects.

CONTRAST - the relative difference of signal intensities in two adjacent
regions of an image. Image contrast is heavily dependent on the chosen

Imaging technique (i.e., TE, TR, Tl), and is

associated with such parameters as proton density and T1 or T2 relaxation

times.

CONTRAST REVERSAL - an image phenomenon where the darks become
bright, and the brights become dark. This is usually most prevalent in

sequences utilizing an extended TR.

CONTRAST-TO-NOISE RATIO (CNR) - the ratio of signal intensity
differences between two regions, scaled to image noise. Improving CNR
increases perception of the distinct differences between two clinical areas of

interest.

CORONAL - a plane, slice or section made by cutting across the body from

side to side and therefore parallel to the coronal suture of the skull.

CROSSTALK - an artifact introduced into images by interference between
adjacent slices of a scan. This artifact can be eliminated by limiting the

minimum spacing between slices.
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CRYOGEN - a cooling agent, typically liquid helium or liquid nitrogen used
to reduce the temperature of the magnet windings in a superconducting
magnet. dB/dt - The rate of change of the magnetic field. This shows the ratio
between the amount of change in amplitude of the magnetic field (dB) and the
time it takes to make that change (dt). The value of dB/dt is measured in Tesla

per second (T/s). DC - direct current.

DEPHASING - the fanning out or loss of phase coherence of signals within the

transverse plane. See also T2.

DIPOLE - a magnetic field characterized by its own north and south magnetic

poles separated by a finite distance.

DIRECT CURRENT (DC) - a continuous current that flows in only one

direction.

DISPLAY MATRIX - the total number of pixels in the selected matrix, which

Is described by the product of its phase and frequency axis.

DOMAIN THEORY - a theory of magnetism which assumes that groups of
atoms produced by movement of electrons align themselves in groups

called*domains' in magnetic materials.

DTPA - Diethylenetriaminepentaacetic acid - Gadolinium chelating (chemical

bonding) agent that solves the problem of toxicity

ECHO PLANAR IMAGING (EPI) - the utilization of rapid gradient reversal
pulses of the readout gradient resulting in a series of gradient echo signals to

reduce fast dephasing or signal loss.

ECHO TIME - see TE.
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ECHO TRAIN - a series of 180° RF rephasing pulses and their corresponding

echoes for a Fast Spin Echo (FSE) pulse sequence.
ETL - Echo Train Length

EDDY CURRENT - an induced spurious electrical current produced by time-
varying magnetic fields. Eddy currents can cause artifacts in images and may

seriously degrade overall magnet performance.

ELECTROMAGNET - a type of magnet that utilizes coils of wire, typically
wound on an iron core, so that as current flows through the coil it becomes

magnetized. See also Resistive Magnet, Superconducting Magnet.

ELECTRON SPIN RESONANCE (ESR) - the response of electrons to
electromagnetic radiation and magnetic fields at discrete frequencies. EPI -

echo planar imaging. See also Echo Planar Imaging.

EQUILIBRIUM - a state of balance that exists between two opposing forces

or divergent forms of influence.

EXCITATION - delivering (inducing, transferring) energy into the
"'spinning"* nuclei via radio-frequency pulse(s), which puts the nuclei into a
higher energy state. By producing a net transverse magnetization an MRI

system can observe a response from the excited system.

FARADAY SHIELD (Faraday Cage) - an electrically conductive screen or
shield that reduces or eliminates interference between outside radio waves
and those from the MRI unit.

FAST SCANNING - a specialized technique usually associated with short TR,

reduced flip angle and repeated 180° rephasing pulses.
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FAST SPIN ECHO (FSE) - a fast spin echo pulse sequence characterized by a
series of rapidly applied 180° rephasing pulses and multiple echoes, changing

the phase encoding gradient for each echo.

FAT SATURATION (FAT-SAT) - A specialized technique that selectively
saturates fat protons prior to acquiring data as in standard sequences, so that
they produce negligible signal. The pre-saturation pulse is applied prior to
each slice selection. This technique requires a very homogeneous magnetic

field and very precise frequency calibration. See also Fat Suppression.

FAT SUPPRESSION - the process of utilizing specific parameters , commonly
with STIR (short TI inversion recovery) sequences, to remove the deleterious

effects of fat from the resulting images. See also STIR.

FDA - the United States Food and Drug Administration FID - see Free

Induction Decay

FIELD OF VIEW (FOV) - defined as the size of the two or three dimensional

spatial encoding area of the image. Usually defined in units of cm2.

FFT (Fast Fourier Transform) - a particularly fast and efficient
computational method of performing a Fourier Transform, which is the

mathematical process by which raw data is processed into a usable image.

FIELD ECHO (FE) (also known as GRADIENT ECHO) - echo produced by
reversing the direction of the magnetic field gradient to cancel out the

position-dependent phase shifts that have accumulated due to the gradient.
FLAIR FLuid Attenuated Inversion Recovery

FLARE Fast Low-Angle Recalled Echoes
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FLIP ANGLE (FA) - the angle to which the net magnetization is rotated or
tipped relative to the main magnetic field direction via the application of an
RF excitation pulse at the Larmor frequency. The Flip Angle is used to define

the angle of excitation for a Field Echo pulse sequence.

FLOW COMPENSATION - a function of specific pulse sequences, i.e.,
CRISP¢, (Complex Rephasing Integrated with Surface Probes) spin echo,
wherein the application of strategic gradient pulses can compensate for the

objectionable spin phase effects of flow motion.

FLUX - invisible lines of force that extend around a magnetic material. The

greatest density is at the two poles of the magnet.

FLUX DENSITY - the number of lines of force per unit area of a magnetic

material.

FOURIER TRANSFORM (FT) - a mathematical procedure used in MRI
scanners to analyze and separate amplitude and phases of the individual
frequency components of the complex time varying signal. Fourier transform

analysis allows spatial information to be reconstructed from the raw data.
FOV - See Field Of View.

FREE INDUCTION DECAY (FID) - if transverse magnetization of the spins
is produced, e.g., by a 90E RF pulse, a transient MR signal at the Larmor
frequency results that decays toward zero with a characteristic time constant
of T2*. This decaying signal is the FID.

FREQUENCY - the number of cycles or repetitions of any periodic wave or
process per unit time. In electromagnetic radiation, it is usually expressed in

units of hertz (Hz), where 1 Hz = 1 cycle per second.
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FREQUENCY ENCODING - the process of locating an MR signal in one
dimension by applying a magnetic field gradient along that dimension during

the period when the signal is being received.

FRINGE FIELD - a term usually relating to the extents of the magnetic field
surrounding the magnet. Safety requirements dictate that the distances of
particular field strengths from the magnet must be known, and that
potentially unsafe areas must be indicated with appropriate warning signs.
Access to areas with field strengths of 5 gauss and higher must be strictly
controlled. FSE - See Fast Spin Echo. Gx, Gy, Gz - the conventional symbols
for the three orthogonal magnetic gradients. The subscripts designate the

conventional spatial direction of the gradient.

GADOLINIUM (Gd) - gadolinium is a non-toxic paramagnetic contrast
enhancement agent utilized in MR imaging. When injected during the scan,
gadolinium will tend to change signal intensities by shortening T1 in its

surroundings.

GATING - timing the acquisition of MR data to physiological motion in order

to minimize motion artifacts (e.g., cardiac gating, respiratory gating).

GAUSS - a unit of magnetic field strength that is approximately the strength
of the earth's magnetic field at its surface (the earth’s field is about 0.5 to 1G).
The value of 1 gauss is defined as 1 line of flux per cm2. As larger magnetic
fields have become commonplace, the unit gauss (G) has been largely replaced
by the more practical unit tesla (T), where 1 T = 10,000 G. GHOSTING - an
image artifact primarily associated with the phase direction.

GRADIENT COILS - three paired orthogonal current-carrying coils located
within the magnet which are designed to produce desired gradient magnetic
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fields which collectively and sequentially are superimposed on the main
magnetic field (Bo) so that selective spatial excitation of the imaging volume
can occur. Gradients are also used to apply reversal pulses in some fast

Imaging techniques.
GRADIENT ECHO (GE) - see Field Echo.

GRADIENT MAGNETIC FIELD - A small linear magnetic field applied in
addition to (superimposed on) the large static magnetic field in an MRI
scanner. The strength (amplitude) and direction of the gradient fields change
during the scan, which allows each small volume element (voxel) within the
imaging volume to resonate at a different frequency. In this way, spatial

encoding may be performed.

GYROMAGNETIC RATIO (g) - a constant for any given nucleus that relates
the nuclear MR frequency and the strength of the external magnetic field. It
represents the ratio of the magnetic moment (field strength) to the angular
momentum (frequency) of a particle. The value of the gyromagnetic ratio for
hydrogen (1H) is 4,258 Hz/Gauss (42.58 MHz/Tesla).

HERTZ - the standard unit of frequency equal to 1 cycle per second. The
larger unit megahertz (MHz) = 1,000,000 Hz.

HOMOGENEITY - uniformity of the main magnetic field.

HYDROGEN DENSITY (H+) - the concentration of Hydrogen atoms in water
molecules or in some groups of fat molecules within tissue. Initial MR signal

amplitudes are directly related to H+ density in the tissue being imaged.

IMAGE (DATA) ACQUISITION TIME - the time required to gather a

complete set of image data. The total time for performing a scan must take
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into consideration the additional image reconstruction time when determining

how quickly the image(s) may be viewed.

IMAGE RECONSTRUCTION - the mathematical process of converting the

composite signals obtained during the data acquisition phase into an image.

INHOMOGENEITY - lack of homogeneity or uniformity in the main

magnetic field.

INVERSION RECOVERY (IR) - an imaging sequence that involves
successive 180E and 90E pulses, after which a heavily T1weighted signal is
obtained. The inversion recovery sequence is specified in terms of three

parameters, inversion time (T1), repetition time (TR) and echo time (TE).

INVERSION TIME (TI) - the time period between the 180° inversion pulse
and the 90° excitation pulse in an Inversion Recovery pulse sequence.
ISOTOPE - Atomic nuclei that contain the same number of protons, but differ
in the number of neutrons in the nucleus of the atom for the element
concerned. K-SPACE - a data acquisition matrix containing raw image data
prior to image processing. In 2DFT, a line of data corresponds to the digitized

NMR signal at a particular phase-encoding level.

LARMOR EQUATION - an equation that states that the frequency of
precession of the nuclear magnetic moment is directly proportional to the
product of the magnetic field strength (Bo) and the gyromagnetic ratio (g).

This is stated mathematically as a = g Bo.

LARMOR FREQUENCY - the frequency at which magnetic resonance in a
nucleus can be excited and detected. The frequency varies directly with

magnetic field strength, and is normally in the radio frequency (RF) range.
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LATTICE - in MRI, the magnetic and thermal environment through which

nuclei exchange energy in longitudinal (T1) relaxation.

LONGITUDINAL MAGNETIZATION - the component (MZ) of the net
magnetization vector in the direction of the static magnetic field. After RF
excitation, this vector returns to its equilibrium value at a rate characterized

by the time constant T1.

LONGITUDINAL RELAXATION - return of longitudinal magnetization to
its equilibrium value after excitation due to the exchange of energy between

the nuclear spins and the lattice.

LONGITUDINAL RELAXATION TIME - the time constant, T1, which
determines the rate at which excited protons return to equilibrium within the
lattice. A measure of the time taken for spinning protons to re-align with the
external magnetic field. The magnetization will grow after excitation from

zero to a value of about 63% of its final value in a time of T1.

MAGNETIC GRADIENT - one of three linear magnetization waveforms
superimposed on the main magnetic field at specific times within a pulse
sequence to select the imaging region or provide necessary spatial localization
information. A magnetic gradient is defined as the amount and direction of
the linear rate of change of the magnetic field in space. MAGNETIC FIELD -
magnetic lines of force which extend from a north polarity and enter a south

polarity to form a closed loop around the outside of a magnetic material.

MAGNETIC MOMENT - a measure of the net magnetic properties of an
object or particle. A nucleus with an intrinsic spin will have an associated
magnetic dipole moment so that it will interact with a magnetic field (as if it

were a tiny bar magnet).
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MAGNETIC RESONANCE - the absorption or emission of energy by atomic
nuclei in an external magnetic field after the application of RF excitation

pulses using frequencies which satisfy the conditions of the Larmor equation.

MAGNETIC RESONANCE ANGIOGRAPHY (MRI) - MR image
visualization of selected vascular structures, such as the Circle Of Willis or the

carotid arteries.

MAGNETIC RESONANCE SPECTROSCOPY (MRS) - an MR technique
wherein a sample is placed in a strong, very uniform, magnetic field, and
stimulated with RF electromagnetic energy. If the field is uniform over the
volume of the sample, "'similar'* nuclei will contribute a particular frequency
component to the detected response signal irrespective of their individual
positions in the sample. Since nuclei of different elements resonate at different
frequencies, each element in the sample contributes a different frequency
component. A chemical analysis can then be conducted by analyzing the MR

response signal into its frequency components.

MAGNETIC SUSCEPTIBILITY - the extent to which a material becomes
magnetized when placed within a magnetic field. Differences in magnetic

susceptibilities at tissue borders are a frequent cause of MRI artifacts.

MAGNETIZATION VECTOR (Mz) - the integration of all the individual
nuclear magnetic moments which have a positive magnetization value at

equilibrium versus those in a random state.

MAXIMUM INTENSITY PROJECTION (MIP) - a processing method for
MRI images. A MIP is a record of a maximum intensity ray (generated

through a mathematical algorithm) as it passes through an angiographic
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volume. Each point in an MIP represents the highest intensity experienced in

that location on any partition within the imaging volume.

MR IMAGING - the use of magnetic resonance principles in the production of
diagnostic views of the human body where the resulting image is based upon
three basic tissue parameters (proton density, T1 relaxation time, T2
relaxation time) and flow characteristics. MRI - See Magnetic Resonance

Angiography. MRS - See Magnetic Resonance Spectroscopy.

MULTI-ANGLE OBLIQUE - the ability to display anatomical structures in a

variety of planes from the data acquired in just one scan.

MULTI-ECHO IMAGING - imaging using a series of echoes acquired as a
train following a single excitation pulse. In spin-echo imaging, each echo is
formed by a 180E pulse. Typically, a separate image is produced from each

echo of the train.

MULTI-SLICE IMAGING - an imaging technique in which the repetition

period (TR) is utilized for acquiring additional slices in other layers or planes.

NET MAGNETIZATION VECTOR - a vector which represents the sum of all
of the contributions of the magnetic moments within the magnetic field; the
magnitude and direction of the magnetization resulting from this collection of

atomic nuclei.

NEUTRON - an uncharged neutral particle located in the nucleus of most

atoms which serves as a stabilizer.

NEX - number of excitations. See also Number of Excitations, Signal

Averaging.
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NMR SIGNAL - the electromagnetic signal in the radio-frequency range
produced by the precession of the transverse magnetization of the spins. The
rotation of the transverse magnetization induces a voltage in a receiving

antenna (coil) which is amplified and demodulated by the receiver circuits.

NOISE - an undesirable background interference or disturbance that affects
image quality. NSA - the number of signal averages performed during the

scan. See also NEX and Signal Averaging.

NUCLEAR SPIN - also known as inherent spin, this defines the intrinsic
property of certain nuclei (those with odd numbers of protons and/or
neutrons in their nucleus) to exhibit angular momentum and a magnetic
moment. Nuclei that do not exhibit this characteristic will not produce an
NMR signal.

NUCLEUS - the core or center part of an atom, which contains protons
having a positive charge and neutrons having no electrical charge, except in

the common isotope of hydrogen, where the nucleus is a single proton.

NUMBER OF EXCITATIONS - an indicator of how many times each line of

k-space data is acquired during the scan.

OBLIQUE - a plane or section not perpendicular to the xyz coordinate

system, such as long and short axis views of the heart.

ORTHOGONAL - a plane or section perpendicular to the xyz coordinate
system.

OSCILLATION - rhythmic periodic motion.
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PARAMAGNETIC SUBSTANCE - a substance with weak magnetic
properties due to its unpaired electrons. Researchers are developing certain

paramagnetic materials, such as gadolinium, as MRI invasive contrast media.

PARTIAL VOLUMING - a loss of resolution due to excessively large voxels,
typically caused by slices that are too thick.

PERMANENT MAGNET - a magnet design that utilizes blocks of
ferromagnetic materials (permanent magnets) to generate a magnetic field
between the two poles of the magnet. There is no requirement for additional
electrical power or cooling, and the iron-core structure of the magnet leads to
a limited fringe field and no missile effect. Due to weight considerations,

permanent magnets are usually limited to maximum field strengths of 0.3T.

PHANTOM - an artificial object of known dimensions and properties that is
used to test or monitor an MRI systems homogeneity, imaging performance

and orientation aspects.

PHASE - an angular relationship describing the degree of synchronism

between two sinusoidal waveforms of the same frequency.

PHASE COHERENCE - a term describing the degree to which precessing

nuclear spins are synchronous.

PHASE CONTRAST - an MRI technique utilizing the change in the phase

shifts of the flowing protons in the region of interest to create an image.

PHASE ENCODING - the process of locating an MR signal by altering the
phase of spins in one dimension with a pulsed magnetic field gradient along
that dimension prior to the acquisition of the signal. As each signal component

has experienced a different phase encoding gradient pulse, its exact spatial

107

AN A A A AN Ar A Ar A A Ar A Ar A Ay A A A A A A A

WA A A A AN A A A A A AN AN Ay




AN AL AL AN AN NN NN NN NN

NALANAANANNNNN NN NN NN NN

reconstruction can be specifically and precisely located by the Fourier
transformation analysis. Spatial resolution is directly related to the number of

phase encoding levels (gradients) used.

PIXEL - acronym for a picture element, the smallest discrete twodimensional

part of a digital image display.

PLANAR IMAGING - a method of scanning in which the data is collected

simultaneously from an entire layer.

PRECESSION - comparatively slow gyration of the axis of a spinning body so
as to trace out a cone. Caused by the application of a torque tending to change
the direction of the rotation axis and continuously directed at right angles to
the plane of the torque. The magnetic moment of a nucleus with spin will
experience such a torque when inclined at an angle to the magnetic field,

resulting in precession at the Larmor frequency.

PRESATURATION (PRE-SAT) - a specialized technique employing repeated
RF excitation of structures adjacent to the ROI for the purpose of reducing or

eliminating their phase effect artifacts.

PROTON - a positively charged particle located in the nucleus of an atom.
The number of protons in the nucleus governs the chemical properties of that

element.

PROTON DENSITY - the concentration of mobile Hydrogen atoms within a
sample of tissue. See also Hydrogen Density.

PROTON DENSITY WEIGHTED IMAGE - an image produced by
controlling the selection of scan parameters to minimize the effects of T1 and
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T2, resulting in an image dependent primarily on the density of protons in the

Imaging volume.

PULSE PROGRAMMER - the computer-controlled component of the MRI
scanner that determines the timing of the pulse sequence parameters of the

scan, such as echo time, pulse amplitude, phase and frequency.

PULSE SEQUENCE - a preselected set of defined RF and gradient pulses,
usually repeated many times during a scan, wherein the time interval between
pulses and the amplitude and shape of the gradient waveforms will control

NMR signal reception and affect the characteristics of the MR images.

QUENCH - an event which can only occur in superconducting magnets, it is
caused by a loss of superconductivity; a rapid increase in the resistivity of the
magnet, which generates heat that results in the rapid evaporation of the
magnet coolant (liquid helium). This evaporated coolant is a hazard that

requires

emergency venting systems to protect patients and operators. A quench can

cause total magnet failure.

RADIO FREQUENCY - an electromagnetic wave with a frequency that is in
the same general range as that used for the transmission of radio and
television signals. Abbreviated RF. The RF pulses used in MR are commonly
in the 1-100 megahertz range, and their principle effect upon a body is
potential tissue heating caused by absorption of the applied pulses of RF

energy.

READOUT GRADIENT - magnetic field gradient applied during the period

when the receiver components are on. The application of this gradient, which
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Is active during the period when the echo is being formed, results in the

frequency encoding of the object being imaged. See also Frequency Encoding.

RECEIVER - the portion of the MRI equipment that detects and amplifies the
RF signals picked up by the receiver coil. Includes a preamplifier, NMR signal

amplifier, and demodulator.

RECEIVER COIL - a coil , or antenna, positioned within the imaging volume
and connected to the receiver circuitry that is used to detect the NMR signal.
In certain applications, the same coil can be used for both transmission and
reception. Receiver coils types include solenoidal, planar, volume, quadrature

and phased array coils.

RECONSTRUCTION - the mathematical process by which the displayed
Image is produced from the raw k-space data obtained from the receiver

circuitry, typically utilizing Fourier transformation and selective filtering.

REGION OF INTEREST (ROI) - the area of anatomy being scanned that is of

particular importance in the image.

RELAXATION TIME - after excitation the spins will tend to return to their
equilibrium distribution in which there is no transverse magnetization and the
longitudinal magnetization is at its maximum value and oriented in the
direction of the static magnetic field. After excitation the transverse
magnetization decays toward zero with a characteristic time constant T2, and
the longitudinal magnetization returns toward equilibrium with a

characteristic time constant T1.
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REPETITION TIME (TR) - the amount of time that exists between successive
pulse sequences applied to the same slice. It is delineated by initiating the first
RF pulse of the sequence then repeating the same RF pulse at a time t.
Variations in the value of TR have an important effect on the control of image
contrast characteristics. Short values of TR (< 1000 ms) are common in
Images exhibiting T1 contrast, and long values of TR (> 1500 ms) are common
in images exhibiting T2 contrast. TR is also a major factor in total scan time.
See also TR.

REPHASING - the process of returning out-of-phase magnetic moments back
into phase coherence. Caused either by rapidly reversing a magnetic gradient
(Field Echo) or by applying a 180E RF pulse (Spin Echo). In the spin-echo

pulse sequence this action effectively cancels out the spurious T2* information

from the signal.

RESISTIVE MAGNET - a common type of magnet that utilizes the principles
of electromagnetism to generate the magnetic field. Typically large current
values and significant cooling of the magnet coils is required. Resistive
magnets fall into two general categories - iron-core and air-core. lron-core
electromagnets provide the advantages of a vertically-oriented magnetic field,
and a limited fringe field with little, if-any, missile effects due to the closed
iron-flux return path. Air-core electromagnets exhibit horizontally oriented
fields, which have large fringe fields (unless magnetically shielded) and are
prone to missile effects. Resistive magnets are typically limited to maximum

field strengths of approximately 0.6T.
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RESONANCE - a large amplitude vibration in a mechanical or electrical
system caused by a relatively small periodic stimulus with a frequency at or
close to a natural frequency of the system. The exchange of energy at a

particular frequency between two systems. ROI - see Region Of Interest.

SAGITTAL - a plane, slice or section of the body cutting from front to back
through the saggital suture of the skull, and continued down through the body
in the same direction, dividing it into two parts, then turning one half to view

it from its cut surface.

SAMPLING - the conversion of analog signals to discreet digital values
through a preselected measurement process. SAR - see Specific Absorption
Rate.

SATURATION RECOVERY - a little-used pulse sequence that generates a
predominately proton density dependent signal, basically employing a 90° RF
excitation pulse, with a very long repetition time. This procedure allows the

saturated spins to return to equilibrium before the next pulse is activated.

SELECTIVE EXCITATION - controlling the frequency spectrum
(bandwidth) of an RF excitation pulse while imposing a gradient magnetic
field on spins so that only a desired region will have a suitable resonant
frequency to be excited. SCAN TIME - a description of the total time required
to acquire all the data needed to produce the programmed image. See also

Acquisition Time, Image (Data) Acquisition Time.

SHIM COILS - coils positioned near the main magnetic field that carry a
relatively small current that is used to provide localized auxiliary magnetic

fields in order to improve field homogeniety. See also Shimming
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SHIMMING - The process of improving field homogeniety by compensating
for imbalances in the main magnetic field of an MRI system. This can be
accomplished through a combination of passive (mechanical) shimming (e.g.,
adding or removing steel from the magnets poles) and active shimming (the

use of shim coils) to fine-tune the magnetic field.

SIGNAL AVERAGING - a signal-to-noise improvement method that is
accomplished by taking the average of several FIDs made under similar
conditions. This is also referred to as the number of excitations (NEX) or the
number of acquisitions. The approximate amount of improvement in signal-
to-noise (S/N) ratio is calculated as the square root of the number of

excitations ().

SIGNAL-TO-NOISE RATIO (S/N, SNR) - The ratio between the amplitude of
the received signal and background noise, which tends to obscure that signal.
SNR, and hence image quality, can be improved by such factors as increasing

the number of excitations, increasing the field of view, increasing slice

thickness, etc. SNR also depends on the electrical properties of the patient

being studied and the type of receiving coil used.

SLICE - the term describing the planar region or the image slice selection

region.
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SLICE ENCODING - relates to the addition of phase encoding steps for 3D

volumetric imaging.

SLICE SELECTION - exclusive excitation of spins in one slice performed by
the coincident combination of a gradient magnetic field and a narrow

bandwidth or slice selective RF pulse at a specific Larmor frequency.

SLICE THICKNESS - the thickness of an imaging slice. Since the slice profile
Is not sharply edged, the distance between the points at half the sensitivity of

the maximum (full width at half maximum) is used to determine thickness.

SMART - the acronym for Slice-specific, Multi-Angle, multiResolution, multi-
Thickness scanning. This function allows the operator to individually
customize the thickness, field-of-view and position of each slice in a multi-

angle study. SNR - see Signal-ToNoise Ratio

SPATIAL RESOLUTION - the ability to define minute adjacent

objects/points in an image, generally measured in line pairs per mm (Ip/mm).

SPECIFIC ABSORPTION RATE - an RF exposure concern that describes
the potential for heating of the patient's tissue due to the application of the RF
energy necessary to produce the NMR signal. The RF induced heat load can

be directly related to the

SAR (Specific Absorption Rate), which is defined as the RF power absorbed

per unit of mass of an object, and is measured in watts per kilogram (W/kg).

SPIN - the property exhibited by atomic nuclei that contain either an odd

number of protons or neutrons, or both.
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SPIN-ECHO (SE) - re-appearance of the NMR signal after the FID has
apparently died away, as a result of the effective reversal (rephasing) of the

dephasing spins by techniques such as specific

RF pulse sequences or pairs of field gradient pulses, applied in time shorter
than or on the order of T2. Proper selection of the TE time of the pulse
sequence can help control the amount of T1 or T2 contrast present in the
image. Also a pulse sequence type that usually employs a 90° pulse, followed

by one or more 180° pulses.

SPIN-LATTICE RELAXATION TIME - see T1 and Longitudinal Relaxation

Time.
SPIN-SPIN RELAXATION TIME - see T2 and Transverse Relaxation Time.

STEADY-STATE FREE PRECESSION - the name for any field echo or
gradient echo sequence in which a non-zero steady state develops for both
transverse and longitudinal components of magnetization. If the RF pulses are
close enough together, the MR signal will never completely decay, implying
that the spins in the transverse (x-z) plane never completely dephase. STIR -
the acronym for Short T1 Inversion Recovery. A specialized application of the
Inversion Recovery pulse sequence that sets the inversion time (T1) of the
sequence at 0.69 times the T1 of fat, thereby suppressing the fat in the image.

See also Fat Suppression.

SUPERCONDUCTIVE MAGNET - a magnet whose field is generated by
current in wires made of a superconducting material such as niobium-

titanium, that has no resistance when operated at temperatures near absolute

115

AN A A A AN Ar A Ar A A Ar A Ar A Ay A A A A A A A

WA A A A AN A A A A A AN AN Ay




AN AL AL AN AN NN NN NN NN

NALANAANANNNNN NN NN NN NN

zero(-273°C, -459°F). Such magnets must be cooled by, for example, liquid
helium. Superconducting magnets typically exhibit field strengths of >0.5T
and have a horizontal field orientation, which makes them prone to missile

effects without significant magnetic shielding. See also Quenching.

SURFACE COIL- a type of receiver coil which is placed directly on or over
the region of interest for increased magnetic sensitivity. These coils are
specifically designed for localized body regions, and provide improved signal-
to-noise ratios by limiting the spatial extent of the excitation or reception. T -
tesla T1 - spin-lattice longitudinal relaxation time. The characteristic time
constant for spins to realign themselves with the external magnetic field after

excitation.

T1 WEIGHTED - an image created typically by using short TE and TR times

whose contrast and brightness are predominately determined by T1 signals.
T1 RELAXATION - see Longitudinal Relaxation Time.

T2 - spin-spin or transverse relaxation time. The time constant for loss of
phase coherence among spins oriented at an angle to the static magnetic field
due to interactions between the spins. Results in a loss of transverse

magnetization and the MRI signal.

T2* (*"T-two-star') - the time constant for loss of phase coherence among
spins oriented at an angle to the static magnetic field due to a combination of
magnetic field inhomogeneities and the spinspin relaxation. Results in a rapid

loss of transverse magnetization and the MRI signal. T2* < T2,

T2 WEIGHTED - an image created typically by using longer TE and TR
times whose contrast and brightness are predominately determined by T2

signals. TAU (t) - the interpulse times (time between the 90° and 180° pulse,
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and between the 180° pulse and the echo) used in a spin echo pulse sequence.
TE (Echo Time) - represents the time in milliseconds between the application
of the 90° pulse and the peak of the echo signal in Spin Echo and Inversion

Recovery pulse sequences.

TE (Echo Time) - represents the time in milliseconds between the application
of the 90° pulse and the peak of the echo signal in Spin Echo and Inversion

Recovery pulse sequences.

TESLA (T) - the preferred unit of magnetic flux density. One tesla is equal to
10,000 gauss. The Tesla unit value is defined as a field strength of 1 Weber per
meter 2, where 1 Weber represents 1 x 108 (100,000,000) flux lines.

THREE DIMENSIONAL IMAGING (3DFT) - a specialized imaging
technique that uses computer processing to combine individual slice
acquisitions together to produce an image that represents length, width and
height. T1 (Inversion Time) - the time between the initial (inverting) 180°

pulse and the 90° pulse used in inversion recovery pulse sequences.

TIME OF FLIGHT (TOF) - and MRI technique relying solely on the flow of

unsaturated blood into a magnetized presaturated slice.

The difference between the unsaturated and presaturated spins creates a

bright vascular image without the invasive use of contrast media.

TIP ANGLE - angle between the net magnetization vector before and after an
RF excitation pulse. Small tip angles allow a decrease in TR, which is used to

decrease scan time in Field Echo pulse sequences. See Flip Angle.

TR (Repetition Time) - the amount of time that exists between successive

pulse sequences applied to the same slice. See also Repetition Time.
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TRANSAXIAL - a plane perpendicular (rotated 90°) to the long axis of the

human body. See also Axial.

TRANSCEIVER COIL - an MRI surface coil that acts as both transmitter

and receiver.

TRANSMITTER - the portion of the MR scanner that produces the RF
current and delivers it to the transmitting coil (antenna). The RF signal
produced by the transmitter is used to excite the protons in the imaging

volume.

TRANSVERSE MAGNETIZATION - component of the net magnetization
vector at right angles to the main magnetic field. Precession of the transverse
magnetization at the Larmor frequency is responsible for the detectable NMR
signal. In the absence of externally applied RF energy, the transverse
magnetization will decay to zero with a characteristic time constant of T2, or

more strictly T2*,

TRANSVERSE RELAXATION TIME - the time constant, T2, which
determines the rate at which excited protons reach equilibrium, or go out of
phase with each other. A measure of the time taken for spinning protons to
lose phase coherence among the nuclei spinning perpendicular to the main
field due to interaction between spins, resulting in a reduction in the
transverse magnetization. The transverse magnetization value will drop from

maximum to a value of about 37% of its original value in a time of T2.

TUNING - the process of adjusting the transmitter and receiver circuitry so

that it provides optimal signal performance at the

Larmor frequency. A properly tuned scanner will produce images with a

higher signal- to-noise ratio, and therefore improved diagnostic versatility.
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TWO-DIMENSIONAL IMAGING (2DFT) - the Fourier transformation
process reconstructs the detected frequency and phase encoded image

information (which are rotated 90° from each other) into a usable image.

VECTOR - a quantity that has both magnitude and direction and that is
commonly represented by an arrow. The length of the line segment represents
the magnitude, and its orientation in space represents its direction. VVector

quantities can be added to or subtracted from one another.
VELOCITY - speed in a particular direction.

VELOCITY ENCODING (VENC) - a specialized technique used fro encoding

flow velocities.

VISCOSITY - a property of a fluid or semi-fluid that affects its mobility, and

therefore its intensity in an image.

VOLUMETRIC IMAGING - a specialized technique where all the MR signals
are collected from the entire tissue sample and imaged as a whole entity.

Compare with slice select.

VORTEX FLOW - area within a blood vessel where the blood is suddenly
accelerated, then rapidly decelerated. This would be commonly seen in blood
passing through a vascular stenosis (narrowing), and becomes a factor in
MRI.

VOXEL - volume element; the element of the three-dimensional space

corresponding to a pixel, for a given slice thickness

119

AN A A A AN Ar A Ar A A Ar A Ar A Ay A A A A A A A

WA A A A AN A A A A A AN AN Ay




