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38 1 Cross section of sealed-off filament X-ray tube(schematic).
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SRz X-48 BHATIE A A 2ade
2 579 9¥& 3= Filament9} ¥39] 9 =
Target Materiale] F712] A=to] glom o] ofZAjo|q
FHNA SRR E o] zgto] AalA) Pk (T3 1) A
3¢ Filamentel A Hopuhe Az} mEoz 39
Target Materialell &34 0] olf) FE3 oA
X-Mo] wsle] ZE Wgko g WAlalA gth, BFAlo)
o] A4S Vel & o FEA9 Ak oyRE gL
Zo] BAHE,

E,=eV=1/2 mv?

: AR 8H4.80X 10 Vesu)
D ARE(9.11x 10 Byg)
D AASEE
LAY
o] AAe] FEANUA: FEA R A3 dasolx|
o 2] 1% ")gke] oy x)yto] X- -G WA )i=0) o] &
Hrh

3 o] &5l Target Material2= HE Cr, Fe, Co,
Ni, Cu, Mo, W Fo] AME-HT) 8 elllo]A Lho &= X-
ray spectrum< ##3tH o] #Fog FAE A9 con-
tinuous spectrumg WeER T Qom(ag] 2) o= AR
7} Targets} EEA] oJe] el 2B 1 SEqUR|=
HAE GAsh] ol =3 A8 HgslelA glgs
4 spectrumolli= ©ubate] §H4), = short wavelength
limito] EAsh=d] ol & 139 252 Az} $A3
ARG Agol et =,

eV= hvmax: (he) /}‘swl
A= (hc)/(eV) =12, 400/V(A)

<< 3 o

DIALEDL 7= A 6d 25 1995 49
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3@ 2. X-ray spectrum of molybdenum as a function of applied vo-

Itage.

w}}A short wavelength limit& A8 Target Ma-
terial?] FHole BA7} Qla, TR o8 EE Ao o
AT AR H,

T DAY HAHE X-He) AR = goat o)
e A A Hew),

I=Aizv™

A v

m: F5(2k2)

VAR POk

Y AAH ARSI B A& X-He Faw @
e 29 HAR(Z=72) 3 22 heavy metal S o]-&3Hd
ot ¥ X-d7e) A 53 A M(target me-
tale] 54) o]og &)W 47)9] continuous spectrum
olflell 53 3¢ 9)X|ol| sharp peak7} Jeh}A =ed)
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M shell

1

23} 3. Electronic transitions in an atoms (schematic).
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= 40
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1.0 12 14 1.6 18 20 22 X10°
vy (sec)

18 4. Moseley’s relation between frequency and atomic no. for
two characteristic lines,

o] 3L target metaloll whe} A 1159 g2 7IRIA
522 characteristic x-rayzty 2|9 K, L, M, - %
o Adz ¥Hdo. o & E49 characteristic K-radia-
tiono]& Fd Fo) 28 K-shello| A EAd #zte] wl
A= L Ee M shello] Axprt sl 3404 1 o
WAt deg BERge 495 Wsked Lshelld]
7= Kad, M-shelll -9 KBiolgtn #2n Cul
74 Ko : 1.542A, Mo2] 3¢ Ka : 0.711A9) gtog 3
ojZth (¥ 3)

T characteristic X-419] s}48 target metale) Y=}
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M3t Z7hgel ek wlalsel Bl of BAE
Moseleyel "ol sjal th&3} 2ol B vehio]
Ak (38 9

vVv)=C(Z—-o0)

v: g
C,o:. &4

o]9} g2 characteristic X-49] Zwe wi¢ =1 12
4 Ex v Fol, A& £ Mo2] A% 35kVellA co-
ntinuous spectrum ZFE9] ok 90ujo] 1 Zw 1/291 XA
e} sgEe 0.001A olstzA olgh L& s} An
F.o] F-& sharpdt KaZ ©]8-3l monochromatic X-4io]
s7HE 4771 7FedhAl sl Aotk

A Kaid o9 ¥ KB4 3 continuous X- 4
T2 KaMe) A=e Jopr] FolA] g "agle X-A
oS EFrdiuials, & "ElAHel K-absorption edge?]
3}7}o] target metal®] KaX#t KB4 Alold] @&, filterE
A28} monochromatic X-41S YAl 7)51 QlEd] o]
3t filter?] 28 BE target metal Bt} YAHAS 1 &
£ 2 3o B4 sdHch

A da] 20]a e X-A AR (X-ray tube) 28
AFFe] fe|dEol target metal & %=+ &, tungsten
filamentE =02 3} 30~50kVel #H<¢ta 10~25
kV9] tube current® ALg3lod X-48 WABAIF)E fila-
ment tube”} o1} &3 ule} o] target metalol] A
AzEA AR Do AAGTHY AR} AHEEgt
o AL A=Y wElA SRLGE ot X-48 97
7} o189 F o= target metal & TAHA}F)E= o] o}
2} 3|2 (rotation) ol <la) AlLsle M2 e FEAHS
Asd & 4 e, Helr B 58 2gke] Al 9)F
2o} 8 X-H-8 AL £ de 29 rotating anode
X-ray generator’} 3} de] R JrHIg 5).

e X-4g AEShedls 5% ZnS, CdS 59 3%
=5E FH3 FF3(fluorescent screen), IAF X-A
o o3 g, & AP o Fa}s|= AIYE(photog-
raphic film), Z12]3 X-4-& 73 2135 (pulsating elec-
tric current) 8 ulo] 71E3tE A9 (counter) So]
AMEEAL glon o= 2-D A5#Y 71%S 71 Po-
sition Sensitive Detector(PSD) ¢] 540 2 X-A 344
9E A AFEE FA3] Ao BE L HFo
7FeshAl Hluk

3. X-49] 5297 % ol

)™ (diffraction) E4-e ®AF o 7 A(scattering) &
dold, X-A3% ¢z} Alole] N2 oW AFFgo] =
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electrons

X-rays

electrons

3@ 5. Rotating anode for high-power X-ray tubes (schematic).
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Ashz Aol optt. dake At X-Ag HE dgon
A, mEtA oW 54 o ko z Ahdke X- M
=
A

r
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7= (intensity) & oA diffracted X-ray beam2 &
37 sl Flolul

&3t diffracted X-ray beam¢] W3ke w4z} (unit
cel) o] 27 A7]o wpe} AAER G 11 Fxo) e
Fe AL Axfe] el x]o geiglich. wabA diff-
racted beam®] 7 =(intensity) & &%, #IFo=zxN 2
A Az AXE A YA "ok e e ¢
2)¢} diffractéd beam Atole] F&5 BAAE 77 9
A B At BAEY] gize) W B e
oA dck. X-A9 Aol 27 2hehe Y fApekel A
Aol 2§ A3 Fadoll % Holv] A 1 A Ee
AR AN Aol o3 Attt HE HAH AR
ZAolt},

web Aol g diffracted X-ray beam ¢ 7T &
ol3]at7] Y= HAl el 9% Atgk, a8 HAE
S g ARl 93k het, =3 439 H4 B9 o
AR (unit cel) W 2E A5 5 A%, 18T
A5 Aol oJg 2ietke) 2l P olsisior s A
o] a7},

3.1 ®Xlol| ofst A

7 e AEEhe dxle dxuE wEe sed
A&l X-Mo| Fxjo) 23d X-H QA i
7b Az Mesn Azl £33 549 A% s
Ee AEEE 8 =Y 1 dAE g2 AAgEs ¢
e sz od iR Ag, wAEFs AR}

IEXDET Il Al 6@ 2% 19959 49

X-d& Aok L3t 3 o] Ak beamo] ¢
A} X-42 2o g3t AESE 7MW ol s Aee co-
herent scatteringo]g}z BEt}.

X-de Aol o3 BE oz abghs X gk Ak X-
e} Ame ezt et g A Aok vk YAk X-
o] gt zho] 2091 Wl Ae] A X-He] Zng
e} &3 = Yat X-49] 4% 1,9 o33 22 Thomson
equation©.2 Uephdd},

e 1+ cos?20 )

I=I
0 224 2

e [ Hzle] A3}
m: HMzje] Az
r AR BE2HAR S g
c I FEL

9 9 FAIN 2 ZHE 2 Ao $EE u) Alet
X-4e] e (e/m?) o vleshll e ¢ 5 Qo o
2px] el AL 2 A% vlg) Azo] & YAjo
o5 Aghe BAIE = 2 AE2 Zt), upetr] Mzjue)
X-4d Al Zlegitha & 4 Qiok, 9 Axr) X-48
AHEA 7= = o2 g e 2% Compton effectz} Ba)=
A9-<te ol o3l A AR EE AFHA] o3
AEE X-Ae) A dEanE WA 28 A 5Ho) o
Aol glo] ] backgroundZ 34 & %]l ol
YA X-4 12} 4bekg X-A 24)0)9] gH4e) ajo)= ge}
o] Foixi},

Ar=2,—1;=0.0243(1 - c0s20)

3.2 AR ofgt Akt

Ak AN oAz A4RASE T 9l
ouf A ek Lol Ao o) X-4lo) Bt B
A & Ae BF A0 Aol o g X- M| Mk
ARz AASo] o Age] Folzka 2oh,

A7 kg3 2ol U 08 RAYe 22t 94218 2749
Aol I3 2] 95 nEs) BA(IY 6). A} X-
Ao} et A X-He] $HE 1 A7)} Kyl = (K| =
/A%] B9HE] Ky % K= ubehiul g4} X-4lo] 712} R

3@ 6. Scattering at two centers.
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33 7. Atomic Scattering curves for X-rays for some elements.

2 93 OdlA 4HdEe] Kdgko g Wajdme] gzx)
(path difference)= (K- 1) —(Kq+ r=(K-Kp - r=
Foi2I 2)/d2}(path difference) = ¢=2n(K-K;) - r2
FojAnk, 47N S=K-Ko2 B 9443t ¢=2
nS - reg Hu 43 Oof izl A Rol 2§ Abek X-
A& fexp(2ni(K—K,) - r) =fexp(2niS - r) 9] ¥ejz =
oJ2)Al "} o714 f& atomic scattering factorg} 2]
= AFe) 2 Yol &5t oW wako = Akdhd A¢
9] A&E JeliY IF 9] njaA Fejg,

_amplitude of the wave scattered by an atom

_amplitude of the wave scattered by an electron

& {7} (sinb/A) ol vjeflstez (3 7) ofd YAjollA
I scattering angle, 6=0Y oj = Hulo g AgdIu=
=Z2(2A3) 7t = 07} AAFS Ao Aol o5}
of AEE g 9ol RopxA| e Aws}t AA % 6
7} QASHE A7} #obAH path differences} 4ol
vl Az 3 X-A Alole] zHie] AxA Hel
m2hA 913] r; 12T scattering power ;& 7121 n7Re]
AREN o3 At X-Ae 21 go] Folt),

Zfexp(2nmiS - rj)

3.3 Tl 24 X} (unmit cell)olf 2|8t At

AL @A d9AAE T wdA7 Aoz 1
7he] DAt Yxle) wido] sAMe Fmef vlE
FES st "ok nolle YAE 23R E9 A
2} Y9=59] fractional atomic coordinatesE (x5, ¥} 2)
2 & r=xa+yb+zcE FojxiL plane(hkl) 25
YehRolzl ¢ Z = El(reciprocal vector) S=ha*+kb*
+ic*z Fo7i},

i =1 S-rj=(ha'+kb‘+lc"‘)(xja+yjb+zjc)i =

F(hkD) = X fexp2ni(hx; +ky;+1z)
=0
2 Fojat,

o714 F(hkl)E structure facter ¥ structure amp-
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33 8. Diffraction of X-rays by a crystal.

lituded} Bajm) Yutaos Basolw Agvte 13
4e Yerdc.

F=|Flela

F : amplitude

o . phase angle

%38 51d X-41 beam®] Zx= Algtmle] WEo) My
ey AlFol wl# g,

I |F|?

3 99] 9= unit cellfoll AR YA} BA&3E)
Al EEEH Q1g H9oln o] uf2] unit cellt§2] electron
density distribution(AAPATEF) 7} A&Ho)g} Buj=
ohe-o] dukalg o] g3},

F(hkD) =v([[p(x, y, z)exp2ni(hx + ky + 1z) dxdydz

714 p(xyz)E unit cellfo] ARYERFIRT
Bhdc}, 9714 $)9] §4E Fourier Inversions}#

p(x,y,2)=(1/v) %}%{){.F(hkl) exp—2mi(hx+ky +1z)
= (1/v)}ﬁzl [F(hkD) | exp— 2ni{(hx+ky+1z—
o(hkl)/2m)}

2 FoxA €k of7]A] ¢(hkl) : phase angle

3.4 gHol| o8t MH(Bragge| #HEEZ)

AAelE AH7FA AW (hkl) & B2 4 Y=u(a
& 8) ol Jehdal 2ol AWzt Az} de) YA Bays
(hk) Holl g1a}50] FdYT 54o] A9l monochromatic
X-Ho] of AW 6oz JAlst Yckn WY )
SAYFE Bdo] dour] g 21 S 2oluy 2 3
Zh GAPEFOA 13 lae 9ApHe] 92 Ko} Pojl QA
Ho RE o2 AeE At I'9) 12 o g Atdd
beam& 1 path difference7} Th&T o] 0o o}, =
I o] AXFA M2 1 g ZEAD,

QK—PR= (PKcos8) — (PKcosd) =0
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282 9. Two-dimensional diagram of the relationship between the
direct(solid line) and reciprocal(broken line) lattices.
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