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Albstract

A theory of new mwdukie] s-ray mbe is proposed. Lhe coneept of miulation based on velociny
modulatien wehnigee . The incident electons ase formed as an elecirons beam | and by using a bunching vavity |
this beatn can e modulated | G ineiden electron huneh will pro2uce a modulated sray wien shrive the trget.

Lntroducticn
Toe menle’ated xarzy may Wi have many

wieful applicatiane in differanr Jckiz,. mdEHESFUBE

communication |, medicls,, . ete Some of theee
applications ero
. The cecton beaa can be wsed as a probe in
elecwron profe micooscooe (P [1] . Tr ozing
the Taeedulaled clectron beam the oraooag wiil
alrvey ditferenc ceoth. Then one van ot s
dismensional inburmazioa
I comeunication filed, the mirrowave slznal
vdn ool pass cheaapl plasma oo any other
medicm wihowt imteraction | which canse an
arenuation [2] . Canving the micreosave aigial
by x-ray give a good possibility to traremit this
sighal via aoy  absorkent  wmoedium o wille
neglipible effee:

. The mierawsve ray s eazy 12 be ahaorhed by
wel oo {liks Tiving soft rissues |, s
muscles and fatty cszues ). Lo order fo deliver
the hearing affecr of mizrowave heyond tese
lisstees Lo hard tissues lise oons (1T 15 covered
by msckes ane fzhy lisswes ) Tl medelared
wery vecl cry tus affect via many levers of
these suil Lssls |

LA

Tre ordnery s-rny iube of heo 2ectrodes
supply confinucus and ehasacteriatic radiation the
inlcnsily ol relialion s i'.i‘]l.'t]u‘t"l:’];‘.l'lt of feme .

Tr 1936 Vainsatein 2nd "I'sckesman [1] buaili
x-tay bz of thewee elovirdes, Ore ay e was an
acoess w0 inmiducs a sgnal (eiacseidal). Che sipnsl
s over widd raroe of fregqueneics Tho dolecie]
oy wis medulased OB owas shaan that swhen
ks aion traguency 1 chosen properly
cenmiliviny of recovding  weak inensites e b
increased . Tn (980 A Jon improved flash x-ray by
using the orad-18 inlersaiom [4] 0 Pheraeen ol ol
propoacid a s w-Tay AvILCT aE O 02 LSUTeen Ty
zachnique tor flareszent |fe time 3], [k this moce:
e modularion based anousing af pal=ad Toses and
phtocathode to generate pulsed ¢lectrans,

Tn the prisenl adampl we e goitg w0 desizn
amodel of :rodulated xruy cube The theory o Lhis
new tune [ollows the modelacioa lecliz gue that ean
ceal with ke clectron keam ;5 that madulation
tecchnicug s the  weiccity  modolalion 6]

Accordingly  tie modified b cun supple a
mcdulatzd mersiny .

‘I'he ‘Tubu:

The nteasity of ordinars s-ray rediation s
dependami an hoth af the oureti and vollage of the
glect-on beam o tiae fube in additian to the prepaity
of the tarrl Fur contiaueds radiation, the
cantirios intonsity 3| 7]
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I s the continueas intensily .

A
A s a proportionaliiy consa
1, t the EXECITON CULTENT .

7. 1< the atamic mumber of the tarzat
V is the cathade etaission vollagy .
w g A evmstand snd approcimatehy equal 2
It i obvious thal bick ol the currenl amld voliage
ceay 2 imporans rule in o mataee of the eencrated
reclition . Tharele this mle witl ba emplodal
zenerare the modylaws x-ray
The comweepl ol this new moedzi i demienud o
Fiparzl, unmodulaied el ran bear pasing
hrough o owavily  Wher ain external A C =il
aoied vn T cavety, The eleomans will guii o0 053
ciergy. Troathe wond o ve'ocly maculation zakos
placza. Whan the modolared 2 ectron beam <lie Lie
targes, amod cated Leray swill prodiees.
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Figure {1}z The concepl of Hie modulation
technique,

The modu laticn
Lae velecily modubating was proposed by Varians

Eretha [3) 1o producz mizrowave | and b wias




Eenreticzlly studivd by Wehster 9] . Thy model is
r norelativeste clecrans and | confined by at
extenal magnetic fisld . Tae model propased lwe
censitleration @ purely bullisic whers wn zpacs
charage effuel and medicu-like whore processes
are conirolled by space charge . I the present
work we will adopt he cocept of medium like
crodel. Figure 2 sliones the gensral simuutures of the
prioposes fube

Figure {2): The structure of the modulated x-ray
tube, 1-electron gun, 2-cavity, 3-electron beam,4-
solenoid magnetic field, 5-target, b-coolig way, 7-
x-ray window, B-envelop.

The mean steps of its work as [ollows :
I. It is important 1o use a magnetic field to
construct an electron beam of finite radius

{b) and its .C. current is 4, .

2. Inserting a cayity in the path of the beam,
i¢ change the energy of the clectrons that
pass through it . The cavity is exciled by a
signal generator . Let the signal like

F=VF sinwl.
The energy of electron afler leaving the cavity is |

eV=eV (l+Aasinml) {2

Where
A : Coupling factor
o= |,f1 £, : excitation ratie

In case of finile radius beam in a moetal drilt lube |
the modulated current along the 2 axis of the tube 15

(6]

Wiyt V, © i Fir 7 3)

Z}=i, ———=5in— — i
~ v Fa L,

Wherse

F: reduction factor

U,: DC electron velocity

a: angular frequency of the signal

wp: angular plasma frequency of the electron beam

The anpular plasma frequency is related to the DC

properiy of the hube.

3. The electrons that leave the cavily arc
modulated, and form an accumulation
called bunch of clectrons. This bunch

arises in @ certain position [z from the
cavity Tiis the opsimum position 2., [6]:
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4-The zarget that produce the radiziion sheuld be
placed in this posilive , to receive the banch of
cloerons, thal bave differant energic:

5. The venzrated x-ray will be modulated ancomding
lo those bunches . IF we regard thy corzinaaus
radiation {ei 1), #0d by ualyg ege 2.3 and 4 the
wiadularaed imensily mtio s

I 4 Ten & -
e _m -Ein ] — A sinm %]
I, 2re E.

Where :

I,.: The modificd intensity .
1. : The ordinary centinugus inte naity .

This ratio is controlled by &, @/ Fa, . According

to ©q.5 . Figure 3 shows the modulated intensity of
the radiation for electrons of Livc—0.766 which 1s
within the limit of classical approximation ( For
case of A=1.0-24x10"7 radis, V.=15x10' V, U=
7207 10=m/s, b=2.126x10° m, w~246x10"
radfs, and F=0.0484 , these values are within the
ranges of what are used in x-ray and microwave
whes [6]). A similar result my be abtained in
dealing with the problem via the concept of Lhe
toral energy loss over the time during
bremsstrahlung process .

If the carried wave is microwave of [requency of
order of 10° Hz, whereas x-ray (carmier } frequency
of order 10" Hx . So the ratio of timing variation is
of order 10°, This ratio allowed the modulated
electron to deliver ils encrgy and produce x-ray
before a significant change in the information takes

place .
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Figure (3): The ratio of the modulated x-ray
intensity to the continuous intensity lor dilferent
values of i, according (o eq.5.
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Nesign Consideraiing

The design parameters of the wbe depends on
ihe dreft region z,, and the radius b Fy. 4 conicels
ihe #y, wheress the rmadive is comrolled % the
reduction luewsr & . The relattonshin berween f
and dw pormalized heam macdios [§(f= a7 h-'Uﬂ] iz
depicted in Fiaore 4 119]. The fizure shaws various
curves of diffzrent n, where nois the matio of (:he
miedivg f2) W dhe peam radiug (b)Y Lhe radius ot te
uimnoculaed begm (b s relided o e apolicd
mawnctic ield (B, where this figld is considered as
a Brillown Seld il

B -7x 1671 /80 V) (&)
Where i“ is the 1RO eléctron cwrent.
-0 — T =
T g = =
e RN o R 1Y 2 g i |
o] P20 L | o o o
nbB N0 o I
|1
vl ——
[
Y e b
R e 1
L I
‘i
ot o _ i
ol o3 (Y T T2 et 100

L)
- e R
/":b = =

Figure (47 Spaee charee reduction faclurs
for crlindrical beams in cxlindrical tunnel
114].

Comnclugivm Bemarks

L Lo retio of J..4 #4.,, 15 larger than unity

rarl

o Lo gase o @r il

2o Ime ocmimum w-rie wavelengih s CTeat 20,2k
r':i min ]14“[}.-'1!,-'“ { T+ 53 i tl‘| :_I'J'I.:-J ':_?_:I

=0 the oukput = 2 spectram of diffsrent
wavelength reys, note Fimupe.o,
o0 Ther mschalabial soray fooaks we wopulay rein gy
a Ingreases,
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Figure (5F The saristion of aeinimuin
wavelengih Gin A% widly the sinzhe o,
pccording o eq.7.
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