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Intensity Distribution of X-ray Focal Spot and its Modulation Transfer Function

Fichi Takenaka, M.D.
Department of Radiology (Prof. Dr. Tadashi Miyakawa),
Faculty of Medicine, University of Tokyo, Tokyo, JAPAN.
Kojiro Kinoshita, Sci D, and Rokuhiko Kikuchi, B.St.
Broadcasting Science Research Laboratories, Japan Broadcasting
Corporation, Tokyo, JAPAN.

The intensity distribution of X-ray focal spot is expanded to symmetry and antisymmetry components
with a base of rectangular function. And the parameters of its distribution are standardized by its modu-
lation transfer function (MTF) and its relative cut-off frequency (frc) (the cut-off frequency ratio of the
70.7% MTF (—3dB) of the focus with peaks to the one without peak).

1) The triple peaked intensity distribution of focal spot is decided to be quantitatively superior to the
twin-peaked one. Of course the single peaked focus is the most effective one.

2) The fgc in the symmetric twin or triple peaked one has the minimal value in the definite width
and depth of peaks and valleys. If the permissible decrement of the frc is to be 10%, then the dimension
of peaks and valleys can be selected within the limited range; width of valleys should be less than 0.4 in
that or 0.6 in this.

13)' The permissi.ble decrement of the fgrc is determined by frequency characteristics of object neces-
sary and desirable to diagnose or those of focal intensity distribution necessary to transmit this object and
its correlation with: the permissible load of X-ray tube.

4) The asymmetric focal intensity distribution has the asymmetric MTF and that the shifted origin.
Even if the decrement of the frc is within permissible limit in positive frequency, some of the frc can be out

of limit in negative frequency.
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3—2 Linearity
3—3 BEBMICGROMTF
3—4 26GMHRESMOMTF
83—5 3igtMmESTOMT F
§4 % %
§5 ¥ W

§1. B B
xﬁ%ﬁ%kkﬁ%xﬁ@ﬁﬁrmﬁaoﬁﬁ
NZEBIELTW5 . FOXEE -5 XEEE R
PREE/T AR B U @ Modulation Transfer Function
(MTF) o\ Tk 2, 3 0ER Lizfipissv?
D0 GELAThOBAT b F O ATK 0 K2 Tk
ELih, ZOMT F & ORIz WG s
FEPER LI T Tew. ARG TR T 0E—
B L U S DRREE AT % ST I B A HE T &
LCHHRE VKA BEL, RS &
BN TIER R A D 25 4 — X —HBEL,
ED LS5 AT A2 —DEDLEEMTFNEL
b EWLMCL, HCMT F Off X h 5B
XREEROBENM ML BB L. ZoTEX
TR R, XTVH (Video FZa i), X-cine
FROBIEAFZORIEEED B RHSLIETH S .
§ 2. XREEAOHRELSHOMNHEAR K
SRR A RAD HE
XREOEEEOMEDMIBBBMOYE, ik
DEMBOTR, EERORE), ETE— 20
R (71452 BE, B, EFERCBIRT
), BFO=FAF -7 X iz W ELAERS.
XBETRMADFIZZ71 5 2 v b RINEFELT
W B & aRE & ORICIBE S h A BB ET
HERL VALY, 745 2V b5 OBETN
ZTOMEEm EEALEATHWADT, XK
O BRESARIET £ — 20 EE80HR CREF T+
5. Fig.1 offic® 74 7 2 v + o FHEH»HDOBF
FEEOE» LOETH & IR BEROMER IR
Tobicd, —RRCHiE  EELALBENEIESAY
fE5¥®, ZhboBFRITEs aa HTRXL,
DWW b-bE TR S, WlERFHXEET I
b-b WA ERL TWBDONEL, 2Tk 2
BRE A% L C\% . b-b X D REERIZIE- 2
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Fig. 1 Schematic Electron Track Converged by
Electrostatic Converging Lens in Conventi-
onal X-ray Tube

1

| [—— Electron beam

b =—- — Y ¥ --—-—b Second cross-over plane

--—---a First. cross-over plane

F#h ,
( ———l—i ocussing cathede

F||ament
(M. Yoshida and et :11. Toshiba Rev. 21;397, 1966.)

Fig. 2 Intensity Distribution of X-ray Tube
Focal Spot

Single focus \ III
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Quaternary focus \

BT X D, 3IEMEIUE 4 EERRE AR & 7B
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Twin focus

Triple focus
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Fig. 3 Gaussian and Rectangular Approximation
of Intensity Distribution of X-ray Tube
Focal Spot (Curve A from reference 5.)

a. 60KVp,50mA

I..Omm

b. 140 KVp,50mA

Intensity

0 05 10mm

91 ff LIk KRR CE & LT B AP,
RIE—REAI TR
X EEROBENERIE L TELD LET
E— a0l TR &3 5HEABIE & RS
&R @ g L CER 5 & BRI TH
. b ZoRENM ¢ (x) Bo&¥D XS
5.
g (x)= kyfy (x) + K¢Gs (x) + Ka; Gas (x)
fo =ZEARBIR (xo=10)
Gs =By
Gas=: A FRELSY
Ko, ks, kas=EIHO Y
% @ Fourier ZER DT R OFEIC 7 % (Table IT)
G () = kFy (1) + KG; (f) + Kas Gas (D)
G (D), Fo (D, Gs (DGas (NixFK % g (x), £y (x),
Gs(x), Gas (x) @ Fourier ZAY TH 5. {11
Spatcal frequency (lines/unit lenght) ‘T3 % .

AR EEHMMF M H2HE H19

Fig.3 (a), (b) W& IERFHBEDN MR D 1
Bla Ry . Frho fiffiz Gaus DA H
WAL A O R L. S0
EI b\ 5 EEFE S X 5 E L F e

AATHAL Lz

§3. HESTHHOEAERU 2, 3 0t
% &2 MTF

3 — 1 £ABSF D MIF (Table I, 1114)

L7=® T Fourier oIt AFEH (Table 1) 1

Table I Some Properties of Fourier Transform

1. Definition

Function Fourier transform
£(x) F(D=|"_ f(x)exp(—2xifx)dx
2. Linearity
af(x) aF(f)
fi(x)Ef(x) F.(D£F, (D

3. Shifting Theorem

g(x) =f(xx£x,) G () =exp(£2rifx )F ()

Fig. 4 Fourier Transform of A Base

1. Definition of a base

f f(x)

-Xo/2 Xo,/z ki

2. Shifted base

F(X-Xo)
T
|
I
]

Xi=X)/2 Xo (XitXp)/2

BB () & UTRDETIERE 545 2306
B# %5 (Fig. 4)
............ xofz < X <: xafZ

= A
f(x) = !l 0 cerevrennnecotherwise

&L, Zo Fourier Zif Fy () 13
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Fo (D) =:S f (x) exp (— 2zxif) dx .--oo (2)

- a (sin )/
725 L La=Ax
o = X,
f = spatial frequency (lines/unit
length)
3 —2 Linearity (Table I)
MAEE AR af (x) @ & & Fourier ZEiT
aFy (f) EiLh.
37 BREENAT £, (x) £ (x) © &% Fourier
Egur Fy (D xF, () E7c%.
3—3 ZEBEARNHO MTF
f ) pixiihb2x =x/' KYThiwsLg,

f(x LT
B )RR G )2
f(x —x")= [ 0 --.-othewise

LT IUIF o Fourier ZEMAT

G () = S £ (x—x,") exp{ —2if (x—x,) }dx
— exp (—2zifxy’) + F(£) 3)
e F) =b(sin 8)/8
b = E;Xg
B = axyf

TRObLER x’ X F() 2 exp (— 2n
ifxy") 721 modify T} T\%.

3—4 2EREHHO MTF

XREHESR O MENG M Fig. 50kdMkk
¥, #o Fourier X iz Gryw () 132 (DR
ZHAWT, Fp () £LT W, (1-b) DERES
fi, Gs () & ULTHFD wib O DMERIET
i, Gas (N & LTRMFHD W,C 0 0ER
oA Fovrier ZEi X iz §, @ L&~ Linear-
ity X TEREIR 5 ETHUE, Table I, II
(2) Kz

Grw (© = W, (1—b)- 20D

W,—W, ] sin(zW,f)
+ 2bW,cos l 2nf 5 2W,T

sin)xW, )
aW,f

= W, (1—b) F, (D) + 2bW, cos (1— @«

X

— 2cW, sin[ 2nf W‘J-;-Wl ] ®
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Table II Representation by Symmetry and
Antisymametry

1. Symmetry
Function
() =f(x+0)+1(x—x,)
where f(x+4x,) =f(x—x,)
2. Antisymmetry
g(x) =-f(x4x)+{(x—x,) G(f)=-2sin 2nfx,. F(f)
where f(x—x,) =-f(x—x,).
3. General representation by symmetry and
antisymmetry bases
G =koFo(D+kGo(D)+kasGas(D
where
Fo(f): Fourier transform for x,-0
Gy(f): Symmetry component
Gge(f): Antisymmetry cimponent
ko, ke and k,,: Bases coefficients.

Fourier transform

G(f) =2cos2nfx,. F(f)

Fig. 5 Intensity Distribution of X-ray Tube
Focal Spot with Twin Peaks

|" Wi "" Wi
3 1 e

=

b ()

1 =-——n

b

M — —————sn

la—

e Wo

G () = Wo(1—b) (Fu () b —F (D) (b cos (1
—q)e—c sin(l—q)a}]

‘ . Sine  pey singe
where F,(f) = F(f) o a = W[

q= W, /W,

F (D) — 2c¢W, sin (1—q) e+ F (D)
= W, (1—-b)(F, () +- 25D
¢ sin (1—q) @}]
e Fo (D) =Gin a)/a
F (f) =(sin qo)/aq
a = aW,f
q = Wy/W,
OB ¢ OFFIIIERNHAMAE LY D L &
ADFBRED, ATYDLEEDFEEED
(Fig. 9).

b cos (1___——@:_-—-
senevnensasres ()
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Fig. 6 Distribution Parameters of Focus and As-
sociated MTF.
--Twin Peaks, symmetry--
The curve of b:=0 givesa simple rectangular
intensity distributirn; the curve of b=1givesa
isolated two peaked intensity distribution.

1.0
A
@I
0.
6 v T Ab=10
04 =1 _45‘
0.2 ‘.. I /B 0.5
. sh Y o 15 /'h et
Y \\\ j 2.0 Frequency
-02F -4 !
‘..‘ \.\ ,/lf'
-04 yor
-06 Y /
* /
-0.8F AY X
08 w,
3—4—1 WM 2EERESIFTO L X

DEEY WRIETe=0¢,LEXTEZD

ho, Wo=1, Wi=qolt ¥

Grw () = (1-b) Fy (f) + 2qF (f) b cos (1

—QDa \paRE s b (4)

kb, 9q=0.2, b=1.0, 0.5, 0.0D
Grw (f) % T Fig. 6 DFNFNOMTF
DOFRAEES. A7 A —x—-bpRICiBD L, T
AHBENRL D EMT FREANCE D,
MTFAD L E (AFE) ORMLKTHS.
b =0 & X3 Bl ERY, b= 17 bMES
i 2 e phicBr it

w3 Cut off frequency 2 LTTVHRTHWT
W5 kS ICHMENRT. TS E T35 (3dBET
T HFOBEE, 772 BbMT F OR:#:70.7%
CAETT5RAME &, Xbcb=c=08]
BIUbE D fe\ RO & o Cutoff frequency
& Dlk# Relative cut-off frequency (Fre) * -3
B, NFE 2 BEEREN MO L %, yililc Fre %
L, xBilcqg® xR EYEL L Fig. 7

HAEFHA R EWE B2k $1%

Fig. 7 Distribution Parameters of Focus and As-
sociated cut-off frequency
--Twin Peaks, symmetry--

R R ,.y-—-ﬂ

""q.o_ PR S—— e
0 9 I.-.:\\\-l"—\ .-_.-.{3_.]./:1._ - ..-... ."4_. --.
° L '1\ / " o

v
Lk *— i
£, » ol -

q b=1/2 o
Sogl i S

+3 b=34 //
. - ¢ ¢~

LU
-~
e | / LL

1}=?.0 o =1

O 07 03 04 05

235, IORTbp—EDLEqQDHE i T
Fre pi(EIC e 2 Lavdh .

Fre CRIZDET2HTnE E¥DBL qr b
WHENEE 5. ik, 0% EFO V=g —-—
'C‘i?L'Ci)b Z DR b, ¢ 2% % & Fre 2%

10% ADETTH B = &xwmt.

3—4—2 M 2BEBRESTO L =

CDEE (DRART, Wo=1, Wy =q, ¢c=
0.3, b= 0.5 q =0.05, 0.2, 0.4OMTF
% Fig. 81c/R7 . il f- b @i (b==c = 0)
DOMTF AR LTHS.

EHRIDEED=0.5D0LEqLcd Fre Iz
NI HBfREE & Fig. 9 %85, cakici
5 Fre D2l ILTIE T3 5. Fre TH
BTHETOLwHE~B L q, /b OEHEMREE
5. Frc © 1.0:10% 0#iH%Y—-—TRLTH
5. b= 0.10& &% Fig. 9 &3 8L 7 BIR
/5. cOAFBREROIBIHBTET O

BENIETS.

3—5—3ERREHFHD MTF

SIEMERREES MR D & 213 2 BMED i O dhiiye—
ORI Th b Fig. 5 LR, W,
(A=b) DEEREEI A, Wy b ORFRET L1,
Wi b ORFRERBELS T, Wy ¢ ©REHRET]RNE
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Fig. 8 Distribution Parameters of Focus and As-

sociated MTF.
--Twin peaks, antisymmetry- -

C=05,b=05

b4 -1
=Bl
b ¥
R
f— | —f
o, $=0.05
\ 7 3=02
N0 15 yiian
\L\ gl =04
A L’
-0.2 \ g
\\ - --';'7
-04 X’
~06k

Grg. (=W, (1—b)[F, (O+ lj—b{Zb cos (1—
q) e—2c sin(1—q)e+b}F ()]

where F,(f) =5n% _

£y—_Sin qe_
FO="1

a =W,z
q=W,/W,
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Fig. 10 Intensity Distribution of X-ray Tube
Focal Spot with Triple Peaks

4 W.T >
e— Wy~ — Wi ¥ ‘T
2 s I o
i | b |
| )
T
1-b
+
———— W —~

Mot b D EE~NTHETRIEO>EFD L 512
w5, .

Grr (f) = Wy (1-b) (Fo (D) + —2— « F (D)

x{2b cos(l—q)a—2c sin (1—g)a + b}
comsssvis ()
Fy (0, F (D, a,q 23 —4RLEDEAT

WLETHD. clIRHHEERSIERL, FEiL2
D & % L REC,

(DB b IEN N

o2l Cch s,
3—-5—1
1l LTb= 0.0,

KPR S e REN T D L =
0.5 1.0, g= 0.1,

Fig. 9 Distribution Parameters of Focus and Associated Cut-off Frequency
--Twin Peaks, Antisymmetry--

Pefgtive cut-off freq.

0 08 06 -04 02

04 06 08 10

0.2
/b (b=05)
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c=0+tOMTF%E< & Fig. 115585, 204
POLEMTF® Fre LR LB TH 5 M
TF »a0EERMIN THE <0 Cutoff
frequency It hiEfECb= 1.00 & ¥ICMT F
P 1.0KET 5. Fre @ETS 2D & % X
pA (Fig.11, 12)

Fig. 11 Distribution parameters of Focus and
Associated MTF.
--Tripple peaks, symmetry--

q=0.1

i ! b=0
% I3 A Rh=(),
\ ’( 5

0.2t LI ] /
Ao I =
05 \ \5.0 fI5 / 2,°b=00

0 ‘\ \\f’ . ‘/ Frequency
0.2} oy
\“‘.’
-04
-0.6
-08F

Fig. 12 Distribution Parameters of Focus and
Associated Cut-off’ Frequency
--Triple peaks, symmetry--

S
A q'\“'-\ ‘-.,-5.:1(,4 "
\_‘ = 1 s s - !
09 "—"‘*:.""F':_'.'.'..T-“"'— U |
>, G
g b=34
=
£ 08}
S /féf/
q‘f-’ // 9 9 9
=
2 ov? ’ ‘ _’_-mF
@« b _T_
: Huty
& 0.6F
H— I —
025 0.1 0.2 0.3 q

HAEZRGSRFLERE M2 H15

3—5— ZEXITHIESETERESMDOLE
CDEEDAT A—F—b= 0.5 c= 0.2
9= 0.2, 0.05OMTF&b=c=00D%tXDOM
TF®5RT. chbD3HkD L XIMTF &b
=c=00OMTF &KzEMN\ (Fig. 13), F 1235
Fig. 13 Distribution Parameters of Focus and

Associated MLT.F.
--Triple peaks, antisymmetry- -

n b= t;g
K Co={).
‘q‘% [
08} SQQ\ 149t {apHaf
* C
A 1 L
o\ llﬂﬂm_
o4r \ [y
i 9=02
02 ?\ 9=0.05
) 05 10 1.5 / /./"'/ b=c=0
‘ \, /;{; Frequency
) Y
~02} k“;:__a:_é/
-04
_{]6 L

A== —=Db= 0,5 q= 0.2, 0.05lz>T Frc
EDORREIRT L Fig. 405 hTH b, Hililh o
ADHERESF " ETFTvOLETHSB. Fre
Fre st 1,0£0. 13RI E A LD ETH L —-—D
TP @, c/b B A X\,

§4. E &
XBEERROMENAE 2 TR FFo = L
bbb TWa, BFLEREESAHDOMT F
DERANL 2, 3 Ui, BREOTTELED BFTE
EIRT AP0, MTF &ESHOBIR
oW THEEREZE L S hT\wisw L, EBED
BRATRTITH B0, RAIEROBEND
EREBEINT 1 2 ik 3 etk &2 HEE
L 20X, BONFREET 4 7 RBAENC 4 AR B
L7z. Fig. 3 o &0 FEEY Gauss 4341
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Fig. 14 Distribution Parameters of Focus and Associated Cut-off Frequency
-- Triple peaks, antisyrametry --

1€ 1 1
e 5 S .i[
— _C!iQQEE_k_“:-_-.\T:_ —.J}le |
I B Sl
_I._..._I;. ] = ._.._Aé_ i’ ~e ~ ——n
I 2 "“ﬂ._““‘"-“-
1 0 TS
N N —
-0 08 06 04 -0z 0 0z 04 06 0§ 10
b (b=05)

bhTWwa. XBBREERTLZORPRTVS
VYRR EREL L ORREEPLEEFTOMLE
T b o & AR Ao HE TR AT e B o
Image amplifier S OMTF ¢4 Cutoff fre-
quency#MTF =00.10 k 2 A TCE2 D LT
W3, TVRTRAEERSSHIERRIC X b
HEETVEB L5 % B L T { iz Cut-off
frequency #M T F 70.7% OFHZBEIHMTF 1.0
b 3dB ForfiicEo>TWn5., HYLMTF®
£ ATIC Cut-off frequency # LoTis< &,
BThEEHMEERNEZEL o 0Tk &, &
IEL7& & Noise 5 2% H§in L Cl® 2 E T3
5. FRIOCE VT EEREAHOMTE ©
DWT—3dB @ Cut-off frequency % L b i
L7z. B Relative cut-off frequency (Frc) 7%
b,q,c/b 75 LD parameter T Y 5457 g7,

AR 2 IEAREE/r A (Fig. 6, Fig. 7) X
WET1x Fig. TCHLARINL, “b” Tab
LADESNEL IeBEE Fre 2METL, B0
EEIMETT5. flI~E Fre DIETE10% L 5
eV ET2E, BAOBEXR 04X WL TiX
Wiieus, b= 0.57%5 q<0.087>q >0.330%;
DR WHIS. $72b> 0.4Thq=0,
q = 0.5 Tk Fre ETF10%UARIE 5
#PH2HB . [k s Fig. 70 Fre 0.9~ 1.0

DT b AHiE BvwoiEnG, LaLoo
Film Tl o ik q o P EO T L
T Fre OEEHKEVAS b= 0.4 L 2
TR, EROXBREN M LILOMPAD
WS %5y, o HWT Fre 2SR D
WEEIDEREFETFTLTHALEDORS.
I FREE 2 ETSSRE A (Fig. 8, Fig. 9) @
MTF TIIRFHO L & LR ich, B2EL eoT
BT LIMTFREL DY, hoMTF 43
HNFETHy, (=0DFETMTEF > 1 DR
5.
X 2 B0 & % LA i Fre T10%ET
IFTETHE Q= 0.2/ T >0T 0.9 Fw
AHMESN ETRD . 9 =0.0575 c/b =0.15LF ¢
HIUT, Fi2q= 0.47%H c/b =0.12FChh
ST BRI E 5. Fre 231.040.1 (IR
¥F5L5CT2RDRIEOBEO @ Wi# 5 Fre
0.9& 1.10 B\ i3ik3 hafifio . /b LA
ThiFhiEbn.

RFRPE 3 IETREE /AR (Fig. 11, Fig.12) o &
EOMTF 22D 23 EEL kb, 5
“cut-off frequency (f=0) kh@EEETb=
1.00 L EREILEL MY O L& ZNOMTF 2
1.0 I CHETS. fEL A RICEEROBED
B 2l X RRE CREE LB W o CligE
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EXCikMENTH B, Fre 28 0.9 ETH D7
DINE BOTEEH 0.6 bR . b=0.75
7t q<0.05q > 0.2 T Bz, b>
0.6Thq=0, q= 0.50EHET Frc {€T10
SRR T 25 055 . B LT Tl
i oA 2 B DT TENIL < 0.6 T Fre
ETI0% ARSI R . 2oL
BEBOHEEINEL feoTh Fre LB bk
W,

FERRE 3 A8 EE /AR (Fig. 14, Fig. 13) @
&%, 9= 0.2, 0.05CRADULWEXDE
HBEDMTF LFRA EE big\, 55— Cut-off fre-
quency (f=10) X vEEMED & ¥ (RGO &
&) DIRMNE 2] & N5 LD T, M
TF O FERFHRED 2L <5 &4 7 Fre
b 2 EET L.

X Fig. 6 THADKAE & Lmnis b 2 BHEART1
Ak Y ESEE TG ETS. Xq= 0.2
TELL2IBHOELALD 0.68m THRAEY
EF2YART, f— Cut-off frequency( f =0)
X Y EREOMETCOMT F ORI b= 0.5,
q= 0.20% %, XNHHE FEAHE2EE (c=
0.5) DEEIIT — 0.4, WNHMIKH (b=
0.5, 9= 0.1), IEAFHEIER (b= 0.5,
c=0.2q9=0.2) ODLEFNFh— 0.2{ BHw
ThH5.

¥ 72IER PR D & & AR AR A AT R &
f=0DELCMTFR 1 ER D, IERFHRD
MTF &7e b, M shift LAMTFIRRS.
SEMFBEDRPE L 5 EEbRhTUhich,
EROIERFREMM Tz 5 LxEREh
Ee b, IERPEEER © Fre © ZEEFAR
ERTH ARERGUR T Fre © ZEIRE Y i
RLEWEENH 2 DT, HEEOBESfLIER
WThBEFFTHS.

LB ESHAMT F 2 Fre EEARM TH Y,
TR o R Ac—ER I h T3 . B
BAXMEZA ©, @R © FEES0~80
kVp (~ 150kVp), EEH 200mA~ 500mA, BE

HEREZEHERFEEHES 278 H15

GIFFRE0.05~ 1sec, THh, EL—F ELTE
X RBERY © EEE60kVp~ 110kVp, BB

. 10~15mA, BRARFIHESG CRRAPRBEHRER)

I PR TR T 10~15 R VTIRh
D LEROER : 72 REERD APERBO R
EmbSEEDOERY RIS 52/ b, X
Bk  FIFT 3 - d R ARITO & 5 Ik
VHBETHS.

§5. #& W

KRB AU b oD XRG4 AR % S B Sk
HIEL LT, WHERERS & -HRERRNC
iR L, o Parameter L, MTF B X U'Rela-
tive cut-off frequency (Fre) (70%{EF MT F I
Cut-off frequency o, EIBENET A L—lETE
EH AT OT D) DEERD B SRIES T
OEEPDI.

1) 2RESTR X b 3 EHMREN M
MTF FELTHBENERCED bt —
e B S By,

2) XFRYE 2 ITBREE S A & TR 3 IR TR EE
RO & & Relative cut-off frequency %, iz
E10% AR 3 o b i B O R X CREN 5
5. WIETH 0.4, BETH 0.6TH 5. FEH
LicfR o BREESTT O UL AD MR b,
Relative cut-off frequency O{E Friv:< B b HE
ETES.

3) Relative cut-off frequency DK T # %
3 % H R EE S D RSN A e FR B Mt
ENL Bz 2 fET 5 D BB X
BHEROIRIES MO BB L XREOHEA
i & DBARA I B I I UEARGRILD 25 2 — 2
— AV THEAEESRORBYH5X 5 5.

4) FERTHEBEN MO L X, FOMTF L3E
& ich, AN shift LIMTF 2R3 0T
COFRFNCIIBEREELETS. 2oL &113
Dk %y Fre DETIIRTHS.

FRALOEBEIL BIEMBME A A =S4 v 7 3 2 —
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