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The design and fabrication of a plasma limiter to protect communication
systems
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Abstract

The energy from electromagnetic pulses causes disruptions and sometimes failure in the performance of the
electronic systems used in radars and communications equipment such as the ELINT system. The rate of
influence of high-powered electromagnetic waves and their electric fields on the equipment depends on two
parameters: the intensity of the electric field and the target coating method. The plasma is a means of protection
against electromagnetic threats. When an electromagnetic pulse is propagated through a plasma limiter, the
charge particles accelerate, and the magnetic field generated by the electromagnetic wave can change the state
of the gas to plasma. In this paper, the design theory of a plasma limiter based on a new structure at 1.8 to 2.8
GHz is presented. By introducing various power generation sources, numerical analysis, simulation and
optimization is carried out for the plasma limiter and the prototype of plasma limiter intended to protect the
ELINT receiver in the frequency range of 1.8 to 2.8 GHz at 1200 and 1800 w is tested. The measured results
show that the return loss is better than -10 dB at 1.8 to 2.8 GHz. After optimization, the value of h is obtained in
19 mm and the value of n is found to be about 46 mm, which in the constructed sample, we place it at 47 mm,

exactly in the center. The laboratory results during high power pulses show an excellent agreement with respect
to the finite element method.
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2 Electrostatic Discharge
% electromagnetic pulse

a_bali@mut.ac.ir :sXewly edimgs ”



VFo il 3 5Lg ) kot comd Jluw & (A 209 ke 4y i

Yoo

25U 5y 5o lalllae DNV syt JUil caga pouid 5 s

Sl s Lol ONT o —nbline 5 (S0 20! sl o
DAl

Zlel Ban 0,50 Lraibelus slizl Koo g Wows 1.5 davoascin 8

34,5 58 o) 3 slo e 5 08y srblitag S
o 5l olass (59, pmlo Ly cBge il il 5 )35 o] cels
eaboliieg Sl sl (63,51 ouiiS e adsl wlis g oo
sloslal g o¥lasl plas g JLas! by las Loyl wojod
oo 9 LooaiuS pudaid dooni 15 Jol axjo jo aiiwe alize
D52 3 S sl Lo Slos 5 (Bl sle iz
cblas (Ol ges Gl bl gl JelS (o508 dhase 5l sl
§ O yad yy (rblineg Sl Zlgel ol 5l 6 ,uS sl (gl SIS
035 15 Ol 8,90 50 Lol 09wl 8 T 51 b slagloce
SIS iz plamil cul (Fas S il 5 e ol asile
005 dgazme gly axhd G oledly jlusgase (s S
Olygos cblas glaol, 5l S5 5 ol YU e U zlgl
csblieg iSI & ja By Zlgal ol o ol aline glaaslels

i 9 S )9 0 45 Sl (ol o Lewdly
Sladllas ol 5l Jeols bl g ol 428,518 aalllas 5,90
O ygmoday S5, )4 (des jsbar mlio 1 (5 ke ;5 059 4!
LIl il 5o S S0 sLaalels 5] 5 g 5
Silloz s 5l Sslite sl by, Ly (mpblieg 2SI
by Sl esliiul (8,5 sy J—ol cle; badilbelu
Slge s aS ool g Lagl > 0,5 GBgie ccwlio
s oolital JlB laods x5 5 Wmossiw 3 oo T el yloly asle
L adilie gl wilgs co Lowsdly 3l oolaiwl aile ol g, L o
A G ol 50 48 05d eoliiwl Lupdblises xS glazdlu
25 el 3 ) 350 i
slaabls jl cbla> Slewdly slusgass 1 5l Ban
2 2 1b A8k o (ol 51 sl ol s 55 bl
ole 5,58 el 4o 1, B oy, ma8 a8 wil glaiss 4
wblbor (Al Jolpe hils (b plwl g, perdly axdls
03920 ¢ uilS B 0l g Sblr lacasgame 4 axgi b ol
L g sl 0 gl sl o il iz s o lasbil sl
G S sl So Sl Gl 4 4z gl g amain (giloand
b it b culed 5 )5 5SS olal edgae
5 Silward mli anlie b )5 uwiows ol plosl aigy

O yemo i slrdigel b auslin e oad aizle digel

o g Blas gladasie gjluacs & [V] o Ses § Sl
g o3l plxil ) pgee &350 Ganie Gl 3550 duiin oy
il iz bLis j0 1) ols co p (oS0 iSIl loce
L s Sl ol e 5 (sl &l 0o S
)._t‘ J_a.l?u 9 03— ) 18l =s JJIS S99y WJ@LMj)—SJ‘

TA] ol onis plowil calies Lyl j0 gug 3

DBl (oo Ao (L850I g s sla gy S Lln
dnsgi g EMIY) ublineg 2SIl 3105 55,0 s gl g,
EMI ;5550 (idu il Az o obs)l g s e sbo i,
JRYCHU O SURI L ESEN NI L) IRCHIN DRV SIS
Sl debes an GhlSen 5 93k wigd oolitul obli> g
Loy = (ire (29,805 L (S jeeelS Sy (i
099, 5l eolaiwl yes g By a iz ndolineg 2SIl
=0 sleosls L |y ledbl «jloj 059> dgaome ol 200
By 13 (SjseelS Sloms (39 dhe g us S Al 03
Dol w8 0l 1, (owsdoliseg 2SI

wad Sols> zae (yiudad Cy> ol 4w EMP L ablas o
ST abrass e 3l Jdos gl 4l &las g ailas IS
ol e iban—a N ot )
eSS ceul ot Eoge Ladloe Oljlae b punbblises 2SI
hgy 3l ool g adje; SO L e S5 3985 asile ola i,
oI il sl Ol 859 Sy il a0
Sl 00l Baore 0l S o0 JBIa5 b o b gendoliiag 2SUI
A L5 gl oo 008 3585 s 45 G20 oo i o g5lwand g
wWepd ol b las jo eas SO Sl b, ol
2 s B 56 50 8 EMP £33y &gl 5 o Jobo 2ol
Dyl o)l Sl b~

3929 bl slaoss 5 5l cblix (sl ilise la g,

Sheslawl we Blas e g sl 5 sla by, 5l S0 w)ls
Sl Sro Loy il (gloudly (slajlwogacs
Slge .o ool NY-VF] prge o e clowe o a3l
(SN Lo T hs St sl Lo ja o ool oolinul
Sy-diso il olub g Vb colae wile Syl 5 (Sl
axio ¢ Wg—b ol CNT s 5l Loy 5110151
Cogl el asly e anTiz ol (b s oad bl olewdly

Ll (sl S 90 ol 5T IS ucbiliio ol

! Electromagnetic interference



1) OhlKes 5 b ol £l e gloailob j clidlr jaliie 4y o lowsdly JLudgaze el g 1)k

So el ) 55 SO (LBl 65, MHD (sl g5l ,35 200 o

IV oS o oo (S0l Glgs a4 ,5135 5008

YL oly 9299,k &be Y'Y

4 colol ol Jlaxs! oy HPM 1) YU ls5 559,50k sl
380 5,5 Bae 4 (55ls 5 Wb o0 Ban S zge RF 2L
5 oSy Jlosl (gga byl i ay juaS  Siidly (s
Sl Sea S 5 ot waa 4 i S g b lojes
LgLa:oﬁ)lf HPM @L;.A o)‘j)_.c| REGWIW- ).ilo LJS"'\'“"’ LngC)Lu
slapdly sla Sy () Jgazx o [YYT wils olj olls

Ll 0als ;S8 UWB 4 HPM

[YY-Yf] UWB 4 HPM (sla b claseie :() Jgu

UWB HPM aile
b 5,el%e ) )
S SalEs e b £y o ulls 3
FRES
0 Jyoro )5 R Ol b
PRSI Fo ol ETge
B+ NS -/ ps ab g 5 eS| ssms ol
loxis]
(b)) -\ (@) -\ el
(asb) b
o/+-¥ Ns Yens-\ps (Do 25
loes b ully 55 S b Ll S S5 uils
ForekS ForekS ot

i 65916 MW ¥-Y

0353 L 5,8L86 o (e (o8 0 Shes Lol £95 00
e sLagly 5 b paaiseler 352 olej Sise | 55 ,0l55
s90ma dilaze 5y DEW) peiics (55,0 b (slogpdlo 5 )ls 1,
L Lo S asile pols abwy S Lo g (oLl
45) o, logngw 5 @oiome Sllae oo)ae laalele o955
39 1y (WS90 4 ol Gladilols ouileyd g J S o
ool £l slag bw 0 DEW & axg5 .oimo oo 58 ol
2 sl s (e slaasl 5,00l 1 el Rl > 5o
s99le 9 5 las,sld 65, 995 lacalld il -
Soid SLapdlw lg diiad e y5 5 25 9 glis o VL g
4 Cowl DlgghS Ve v b OlgglS Y SIMELY) bwgie (55,50 L
D55 s Jo3sbS 0350 zme 10 (b o o T (S 2SIl (55

® high power microwave
* directed energy weapon
% solid state medium energy weapon laser

ALl el s FEM cdlo s olae cond ol a2 5

RV PR W PR CR ) L

b oy slas ks ¥

sdes slags )l w0)lo 3925 (Wb g5 (sl bt la g,
PO b paite Syga 5 (nl 5o Ol

00 yuid 5,0 oo N-Y

Sladasd g5lwes, a8 (gly ao yu jlmiil G5l eoliiwl FCG
4 ;o g cwl o] latdasd g5luolil g ebline olae SO
Sboes o 53 Jo5 Lagsshee Gliae am (S0 28U (6551 o5
S 5 LI FCG claadse oadlS 3 il ccons] 4l 5l g oS
0dga e (i Ll Laddas 5l g )y g sl S 35,050
039 1y Iyl 8 ades 5)50 (Slul 4y o oad (ilS )3
o3 sla S B 50 5 5L il 4 Ll uilS B o Slhae
G| Olyiea) (538 ik S SIFCG il oo 525,50k
1) oliws (ooles & (gm0 (698 Liedigy S g (598 0 ydie Slge
So 90 4 odd 03,88 (b > Sl oud JSCAS w00 S abl]
Sl (ol i8Il oo Sy g 99 e 00linw b i
L FCG olsl fjois S50 L ..)..{lu’_.a T VPRCH I IRCORJNY
L Lol ol o on a2lge (S3eliSs 5 (8 DS
bt L5 (g5lwos 88 w50 (So Sl slaslily a3l
obe 89y 2 el Glane (5950 OIS AL (izren s
4S5 FCG iz ilss 5 5 JLail g oo Sl ()b
Cemwdd slool, 5l (S iyl Glajes 68 ,Slee (slaJg3le
2 58 Lo p2 slodge el Yl sl 2 5 5551 09!
=957 Ol o e pg e Slaailels o0 b aslis

DVa-yeTaias o slora 1) 4215 59 5 ojlil o
wablido ( Saolydg o glonlgo .¥-Y

sLanl sl Olsiee (MHD') (Saliyog 09350 (slasdse
MHD (sLa 55155 IS Jgol 0,5 solitsl 03, 5,L5 slaalse
655 sebline Glae Glos 5l Landly 5 0Ly a5 cund Gl
285 05580l (555 shie g Cude (g g S9b e 03l s
Se g Wgd o gz s 18 Ly 55 by el 9 YL
3 o Lomdly 58 a5 59T o0 92920 1) eiine b > 595135
23 5 o o] adiizme 0 00l ol SO L JUI Sl e

! Flux Compression Generator
? magneto hydrodynamic



VFo) it 3 52 ) ostecs oo JUuw & (S 200 ol 4y ey
3 S i Loy a5 Lasl 5l aS 055 (5Tl ol @Lo.w)b Jlwoguxs Y

00l shg i LoDy uilS )8 50 loyg 5l caiiiws Lo yg il
Ly Sl Cnnd (6 508 jlns Alold o gy Slilwgl ]
Sllwg an Los jL s> JR> opnlplay ols salss &,
Tro 4 398 (ol rins Aolas Fraly 09y aalys ainly (925l

. Neqd
WpMegg ()]

P = Po€

olea 3 P olil b JB plogs 4 bgye slagly il 3
:f":’.)b (RN Q)p

0.5
_ Neqi 3 (Neq€> *
—_— wp —

wp = —
WpMeEg me€g

=z Ol S 5 Sl e (izren Ledly S 5
g il (bolineg xSl z g0 Ly Joles Jodods Lowsdly (49,0

.)9..,4

NeqZ\*’
wp=|(=—=) =894\, v

Me€
Sz 3 =l S ledly bS8 ()8 S jgoany
el ool 35 50 b adlge (g0 polie ] jo S
g = 1.602 x 10719 C
F
m, =9.11 x 1073* kg and g, = 8.85 x 10‘125

05 5l S by &G 4 (90,55 5 gse IS8 S
el gl QUL L g (65 i O jgoty (gubolineg 2SIl z5e
| oSt ki s oo S (S0 IS s b ol
oo g )Lid Comdg puizmon 5 55 loadse adl o5 oolaws
gh @ glael nl 9,95 5 51 45 (6500 dnt aBlioe 5o 5
i Sy slays Sl &S ol o sgd oo Jol> Lawdl
i Tae 5 05 el s (SrsS (sl Juls aiile Lowsdly
Ive-Y V] sl ol 1) Lewdl 4 (53,95

)5 drloe plgi oo |) LoDl GuiliSgusl 5 unglie

Lol dil> Lame
Q) doles &5 Rp Lowdly conglin Ry = —————

Odc S

Iya-va] el

Sjg gmdides § S b 0js> 50 a5 Cewl (g0l e Lendly
33 0590l Sl ol 5l ol gulis 5 ol 428,515 anlllas
LS andss Dl 29,00 B Slos jsbar malis I (gl
PRI BN KPR PRTCR W SR 3 LS WP L AL SR
oolaiwl il oge Al Loy aS olosp)lS 50 0l
o calailos (gl a3¥ 8 Juliul Sligas ol L) g oo
&Sy 0 W YL 6550 5 @ dgme Gloj b slaudl ol
Lol as)ls 1, YU olsss ol o cblis colls o35 alss g4
ol el cle Ol olie s el &S ol o)
S 955 w155 4 (6518 ST jes g 5 (SSelew e d20
IVE-vol wpdy cenT YU olgs mshaw ol 0 Wl osg gy
Sllugs ol o1 L Jols Lase S Lowdly a5 Ll |
Lomdly (19,5 Loags Sl o8 2 Loy a5 Ll 1o oo s
Lot Jo> Loy pSUl Saales Sllugs (59, b ol e
Jdoan a8 358 00 29,8 (58 (nl b el 0l walys axg
09I JBSe Lo Joo Loy Sl Siige b Sllags
O S 13 5 0SBy 0 slaggly GulS 58 0 Wil o
Sy 505 atlys lugi GulS 3 o 50 5 B (K S
Gob as 2dl salys lidlp palls o1 L S L JBs
vyl il anly T o ol JB 4 5 dlad,

dp M

CeS SO ploals o5 cal U8 0 Aol S (Siwgn
Sl (Makaly b ] ools 13 L S oo ciogs |y atasly

. - dp
= =_——C ™
V.(6E) = oV.E I

Ea ekl gk sl ol L JSe b

vE=L ™
&
Sl sl p olT b S ads, alesl L

_jNegzgp _ dp (%)
w mg g  dt


https://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/w/index.php?title=%DA%A9%D9%85%DB%8C%D8%AA_%D9%BE%D8%A7%DB%8C%D8%B3%D8%AA%D9%87&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%DA%A9%D9%85%DB%8C%D8%AA_%D9%BE%D8%A7%DB%8C%D8%B3%D8%AA%D9%87&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%DA%A9%D9%85%DB%8C%D8%AA_%D9%BE%D8%A7%DB%8C%D8%B3%D8%AA%D9%87&action=edit&redlink=1

Vv OhlKes 5 b ol f( il e glaailobs 3 clidlone joliie 4 (o lowsdly jLudgame cilu g >l )b

[¥-] o dos o  slusgazme >k (sl slal asels (Y) Jguz

ulw|n /| h{|{ | |bpn| b | & | a

S R N N B O I S VNN IV L
A I I A2 I N IR L S N I P N R ¢

faxsle (1) JS5 sillas o0l S8 slaailge oS

iy

£ NN

N 7
NENININ

S A AV AV AN A ‘
’%WAV'A.VA“‘Y‘A‘k AVLVA
AN
ANATE AV

NSNS NS
:f SV AVATAY,

‘e aten s
STy s few

Sledgaze gan e (V) JSC&

O S el YL (SO S o O9,59] Cawdds (5l
oS lacs oy 4 e £ 55 b g oalds oslaiul

W PR 4...>L>J.s

ag_J

F9a03

-
- -
e

E

SlyskS Y olgs s =100 (Ko 2SIl lage s oY) S8

g w
P Odc Spl
e’n -
Oygmodn | Sglie Blg5 oo 4z )3 9 Oge = F: ol &8
9,5 dwlo (1)
2R ®)

P 0418,
ablioe [Lb cod Oygoan Ly b Ledly sl gul
i Lewdly by e a4 Lol (b > Alewgas oad 0
Dy g0
&gty wliS g0l L el TRZ QIR /11l (oeboline Lo
39 0 Al (V+)

mR? Y, )
P

oS58 g Ladly (58 4 4z g3 L Lawdly (009,35 <ol

] 0dd duwlore ool Gl

wp (QRD)

FoS bl Cuie gy w > wpe &5 Y LS slapulS )8 0
6> S ale Lowsdly ¢ omnilS )8 &b ) jo ol ol el g
2928) 9S8 (oo S8, axly Sl eS SG pSUles ol b S Sl
PTGl eSS @ <wpe il glaslS B s (gs—
oz basl SO gy <0 b 1) by cpl lewody slag s
ol shls A glaie s Colas 5 s & el
L lad, e g o)l a5 lade aS ail o C=gpA/l 55l
Socie S5 L Jolas) cewl Z=1/(00) bl uilol
bl © < @pe ol 3 1ol 5 al iy (S ogige
S e k8 il SO asle

[ w,? ()
C=¢g|1 —w—"z] A/l
V) 5 (V) sl 5l S 5 L
81N
C=g|1— wze] A/l an
‘s.ll.o.wy.g‘ )'l.wég..\ao ‘?‘Jb A

ol Jobo s yeslee P 50 e don AF 1l zse ailes ola
A azsi b pzge allos slal wll oo yio e Ve GO0 5
s L 5,50 alols lame Slakie wend Slppgzo
il oast oLl o olyb (slas kil b 5L 5 ojludacss

iloads dige ,5 a0 48 a5 sladdlhe g ol



PEo) ot 5 kg ) o e s Jlw & (0 9P ke a0

Prresnlniand)

W=l

u u 3 u B ki ) u

SI1 ailhe 1y Wy 3l 2(8) S8

(Sl Ailge (ol ko a5 3550 eunline a5 gl lan

bl oo Loy jgm EE )] il (ouill adle 5

O 6518 oo 9 (y3gm Wl (g5lwainty £
Lol sl n= TV g h= YA/0 anl gl o yiian oidld
Js=3 03ls )3 8125 S11 (slaailse a5 590 oo Sl £9:90 (]
slab o Jlosl L (iloaige lp adsl byt anils Joud
L osle S o asil andlad (giluesky 5l 25,5 S12 5 S11
One 9 09,5 Gdome | Ll b ilyty (LS 8 Jobo
YL Gl (Hy atlood jeade el atdls 1) Glae o itien
Ai o a8 Sl o3V (eSS Jloszly Gl (02
hlade Conl (Sae a5 ol U 5 o o5 Sl )0 i 1) Ologe
Sl gy (Siltingy Plas ;5 il 55 Sl 50 i )
Ol 21y 09 a9 43S a0 1) (555 e uilS B &S
VIFO GulS 2 Lo (55920 uilS 3 oims (oo plmil GuilS 5

el 5,088
1l plosl py Sae &l b gjle ae

(511 + 10)2 + (512 + 3)2 = fmax Q9]

KV
S11 < ~10dB,E 2 300—,S,, > ~3dB

£l g h ke anulne 4y S35 o255 5l oozl b

S5 ppssI b N lade (5luange (V) JS0

. ’
st
=
=
-
vl
Lsz]
.
px = |
PSR oo N
arx =
TrIw g

SlaskS Y le g h= Yo po (S Sl lage chais (V) S8

S Rowang
5
U
B
3 J//
3} {
1 d 4
e |4

g e 5SS e e g 6165 Gl L
Sl ol gasy, JUml g al oo i3l 5 QUL adlhe g
6‘)) ‘515 »,\.M:La‘sa (5’? 00gdZa 4O é‘]‘-g‘ u‘w\a«ﬁ Al )‘o.\.ﬁ-n
S12 5 Juowo Ve 3l iS55 SIL oS 4 ls 3L (sole o, Slas
el A9 S gy (el b ail Jows -V 51 5555

Al el
e b 1S oo 0oLl o (59,41, D jg0hy i VI
e 635 1y 350 slotili W) i3m0 ol b

S Mpicr &

S11 ailge p W pess 56 (8) JS



Vb OhlKes 5 b ol £l e gloailob j clidlr jaliie 4y o lowsdly JLudgaze el g 1)k

Olaloj] plomil gz oads plonil ledass 1(1e) S

35209398 dLyjgm Gt (S LSl oaliie oo 4,
Ly 00,5 oo Sy sSmshel 50 o1 (255 5 0ad S0

o 00 C‘)M‘ \Y) Jiw B byés.ojs ij):, 9 oA

S S S oy [VF] a0 b aglie o

30 Ay Glg 5l oolaiwl 4y Az il pizmes cowl o, 4l
0ol 5] cnSls 55 lare 4 lgn 5l oolaiwl g (g yamas! jLid
Loyjgm alold a5 adlae jo 58 cansls Jluio! puzen ol
oal pladil slo >l 51 YLl o o) - 5l i s>

Sl L3

i i

-l (1 243) [ 1[evam))

i e Sg bl o 5 S lane aSl 4 4z b

Al igm ¥ o dihaie CaSh gl Fhe 4l llge

Yy i

uj[

”;L r e
lJ AY i !;';

ey iy

S5 ei,sS LN lade (gluatgs ((A) S5

)_"AQS_L"Q \id Sgi> n )lo.\.d.njjm‘sj.\.a\i Sgd> 40 h )‘..ULQ
aishee TV 1) o Lo oo aslos diges ,o ardl a5 sl Cowsay

oeols 18 55 e o B 8s ey

u | w n h | bin | bo | ain 3

(O A OO A 2 R L W R R DS A L S Y S BV

e N yjg 45 gla oW Layjos S gladu oS

1S 22 Bin g Jsbo I ipyyom eI N (30m 65) 2

1S Jobo @in lowsgaze (g o2 Do jlowdgas
tlyon jludgaze (215 Job o g sluogace

Slodgaze gl diges 1 (R) S

lomdly jlwsgase agy ,ou¥ sloslannl L YL le e
ouslio ‘5‘)_; 9 0092 (o (i )| Lbu)}w ol 00 Jl.o&‘
0d—is ssliiwl PD438B 4 PH320 oo sloogogish 5l consis
e 0 Ol s7ay 9 0nd Jate sSslonl 4 9505358 o
Gl 00 C‘)M‘ Cons
VA< Qe e oogasre ;o st Syl ooy Jloel g5 aie
ooliil (6 phaadl L2 5l diges pl Liolesl g g ol 1) g

ol o0




VFo il 3 5Lg ) kot comd Jluw & (A 209 ke 4y i

|4

03wl s otz 5l (2loyigm 5 (S Glae 0 VL
Olowe el o oolaswl (g STl AT Sy )0 el ool
Fese Yo glis)l (28 5 ol pgllas Cundg yo (S S
L ly o b5 oles Jlael Ly (S5 2SIl Gl jlaie aily
Yl Sl Jloizl g 05,00 Vb o2 e 2 gl SPYD
el JLa51 o5 re o imo i 45 S12 ilge Jg o
-YAB 1 seS conl cndl alebs jo sls (gl sbLS )|
sl oo 51 YL (S0 S sl Sl il 5 il oo
Wi 90 Sarmdg 53 3,5 oolial (b (nl I Gl oo g Sl
L)) wbans 5 ol ate Ll 5 Gig Sl (siloaie b

ool aslw 4_19.0.: 99 e )_laa )90 W5 L Lmu)s.w

3l cwl oo asd 3, ba o tadis 1 Loy jew gl )|
S oadliie L a5 el ouils oolizw! Ll (sloogsog3gd

Ol e S S ) 09009598 (o295 il (S Sl
(5 C:‘j Q.- 00gde 4O U—‘ )L.\.ﬂ.n 9 00g 4.,..»9_»_) u)}.od.) GlLo.cl
oola Q‘j \Y-. - M)‘ Lo ‘;9 099 ).u..x..l JAlﬁ ‘—"5 YA- -
Sy9-b 0939558 9 009 (s (Sig SLBALS iz w35

uuwwyl)u)wsawwodw\oww

9 03— J.J».\._u Lo._.m)l.a M)lf é,&ﬂ 45).’> &5' 6955 L)m
58y plSie 4l tulejl ol 0,8 e plosl cbilax

| sg0cmo T52] g, gl b VL (gl Ko YU 55 cslo ol

Ao o ylis

&y A

[1] S. Yates, “The biological effects of weak
electromagnetic fields. In. Consoli, Fabrizio, et al.
Laser produced electromagnetic pulses: generation,
detection and mitigation,” High Power Laser Science
and Engineering , (2020).

[2] H. Ruirong, “A novel high-altitude electromagnetic

pulse protection circuit for RF applications,” vol. 84,
pp.1-8, 2019.

[3] C. Ming, W. Ming, and C. Xiang, “Testing of materials
shielding effectiveness against electromagnetic pulse.
in Cross Strait Quad-Regional Radio Science and
Wireless Technology Conference (CSQRWC), 2013.

[4] G. Cheng, “The penetrating of EMP fields into a metal
shielding enclosure by a slot. in Electromagnetic
Compatibility, 2002 3rd International Symposium on.
2002.

[6] X. Chen and Y. G. Chen. “Time-domain test for
material electromagnetic pulse shielding effectiveness
based on shielding black-box windows method. in
Electromagnetic Compatibility (EMC EUROPE),
2012 International Symposium on. 2012.

[6] V. Pereira and G. Kunkolienkar, “EMP (Electro-
Magnetic Pulse (weapon technology along with EMP

el oa sols Hlas (V) S 4o b opl as

| eapuges
s

e

S Ayl
o L=

Pl Ve e Jlesl a8l jo (S Sl o ol 1 (1Y) S
h=14

S-Parameters [Magnitude in dB]

- —_—s1 13

dB

23 24 25 26 271 28

F

‘requency (| GHz

oo axslu digas ;o S11 adlse :(VF) JSC

S-Parameters [Magnitude in dB]
4).035
—

.05 4
.06 4

-0.08 1

0.095 + - - - . : i i
19 27 21 22 23 24 25 26 27 28
Frequency ' GHz
oas 4l diges ;o S12 adlie :(10) S

3 Gt (S9SN gl UK lade oals aBlu diged o
P P [ PR S PN (IS DUSURCHI ISR X
Q._ﬂ PR 6)—.‘:"}"\—"‘ h_“_il].&]l Q‘».\.:.A .o)lo S99 LQO)}..J
pladl Olaalie 3odo 45 0 il oo yin p dgglS FYY diges
‘551“1” S ¢ a9 d._:LJ » @Lo...:yu )L..ués.).?{.c B W)
9 00 S 3 bz Leadly 4y 55 sos b g oolidl 3l

2gden pll

S oS Az Y
slwsgasme polie cwaid slal josd B ooy 4 allie ol o
Lgb_x w‘ o wlaj.) é;}.sﬂ W.S.u.\ 9&);.&” u‘.)u.n).:



Y OhlKes 5 b ol £l e gloailob j clidlr jaliie 4y o lowsdly JLudgaze el g 1)k

Alignment Mechanism,” Journal of Superconductivity
and Novel Magnetism . pp. 2889-2896, 2018

[18] K. Jelena, “Carbon nanotubes in electric and magnetic
fields,” Physical Review B, pp. 085452, 2018.

[19] V. Demidov, “High-power energy sources based on
the FCG parallel and series connection. in Pulsed
Power Conference, 1997. Digest of Technical Papers.
1997 11th IEEE International. 1997.

[20] A. Neuber, and J. C. Dickens, “Magnetic flux
compression generators. Proceedings of the IEEE,.
vol. 92, pp. 1205-1215. 2004.

[21] R. J. Rosa, “MHD power generation. Transactions
on Plasma Science,” vo.1, pp. 3-12, 1973.

[22] E. V. Keuren and J. Knighten, “Use of high power
microwave weapons. in Security Technology,, 1995.
Proceedings. Institute of Electrical and Electronics
Engineers 29th Annual 1995 International Carnahan
Conference on. 1995.

[23] T. H. Weise, “Overview of directed energy weapon
developments. in Electromagnetic Launc Technology,
2004. 2004 12th Symposium on. 2005.

[24] H. Canacsinh, L. M. Redondo, and J. F. Silva, “Solid
state bipolar Marx modulator for nonthermal plasma
aplications,” 2009 IEEE International Conference on
Plasma Science - Abstracts, San Diego, CA, USA,
2009,

[25] z. V. Missen, A. Semnani, and D. Peroulis,
“Toward a High-Power High-Isolation Wideband
Plasma Limiter,” 2019 IEEE 20th Wireless and
Microwave Technology Conference (WAMICON),
Cocoa Beach, FL, USA, 2019

[26] F. Francis Chen, “Introduction to Plasma Physics
and Controlled Fusion"Third Edition, 2016.

[27] J. Benford and A. Swegle, “High Power Microwaves"
Series in Plasma Physics, Second Edition, 2007.

[28] M. A. Lieberman, “A Mnni-Course on the principles
of plasma discharees, 2003.

[29] M. A. Lieberman, A. J. Lichtenberg “Principles of
Plasma Discharges and Materials processing,” Second
Edition, 2006.

[30] Marcuvitz, Nathan. Waveguide handbook. no. 21. let,
1951.

shielding and detection methodology. in Computing,
Communications and Networking Technologies
(ICCCNT), 2013 Fourth International Conference on.
2013.

[71 C. Fang, Q. Zhang, and D. Xie. Simulation of
shielding characteristic of a typical decay waveguide
window for EMP. in Electromagnetics in Advanced
Applications (ICEAA), 2010 International Conference
on. 2010.

[8] D. Xiao, “Experimental and Theoretical Study of
Coupling E]ffect of Electromagnetic Pulse on
Shielded Cable. in Electromagnetic Field Problems
and Applications (ICEF), Sixth International
Conference on. 2012.

[91 G. Kunkel, “Historical methods of testing EMI
gaskets. in Product Compliance Engineering (ISPCE),
2014 IEEE Symposium on.

[10] B. Yong-fang, “The analysis of shielding effectiveness
of negative permittivity composite materials to
different EMP. in Microwave, Antenna, Propagation
and EMC Technologies for Wireless. MAPE IEEE
International Symposium on. 2005.

[11] T. Hu, Q. Liu, and X. Yi. “Study of shielding
properties of cylindrical enclosures illuminated by
EMP. in Microwave, Antenna, Propagation and EMC
Technologies  for ~ Wireless  Communications
(MAPE),” IEEE 5th International Symposium on.
2013.

[12] L. Xu, “Simulation of the EMP coupling to circuits
inside a shielding box by a wire penetrated with an
aperture. in Microwave, Antenna, Propagation and
EMC Technologies for Wireless Communications,”
International Symposium on. 2007.

[13] J. Mankowski, “Field enhanced microwave break
down in a plasma limiter,” IEEE transactions on
plasma science, pp.102-103.

[14] Y. Yi-Ming, Y. Cheng-Wei, and Q. Bao-Liang
“Measurement of S-band microwave gas breakdown
by enhancing the electric field in a waveguide,” IEEE
Transactions on Plasma Science vol. 40, no. 12
pp.3427-3432, 2002.

[15] Z. Samir, “Electrical Transport Properties of Carbon
Nanotube/Polyester Polymer Composites,” Journal of
Superconductivity and Novel Magnetism, pp.185-190,

2019.
[16] P. Eric, “Avalanche, joule breakdown and hysteresis

in carbon nanotube transistors,” IEEE International
Reliability Physics Symposium, 2009.

[17] K. Kaveh, “Effect of High Magnetic Pulse Iteration on
Electrical Property of CNT-Polypyrrole Composite:



	10
	چکیده اصلی لاتین 24مغناطیس 

