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TFig. 1 Tripled image and X-ray intensity {distributions of 2X2mm focus of rotary anode
X-ray tube operated with a single phase full wave rectified 60 kVp, 50mA, 30sec, and
the amplitude and phase characteristics with respect to spatial frequencies.

Diameter of pin-hole: 0.1 mm
Thickness of lead plate used: 0.3 mm
Distance between focus and film: 120 cm

Fig. 2 The radialized lead plate in thickness 0.3 mm (a) and the spurious resolution
appeared on the tripled radiography under 2x2mm focus (b).



(b)

Fig. 3 Siemens star of lead plate in thickress 0.3 mm (a) and the spurious resolution
appeéred_ on the tripled radiography under 2xX2mm focus (b).
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Fig. 4 X-ray intensity distributions of the 2X2mm focus at 60 kVp, 50 mA and the
square wave response function correspond to Fig. 2.
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(a) 0.1 mm slit used for the stroboscope (left) and an image of Siemens star obtained

with the stroboscope for example (right). (b) Spurious resolution appeared on the doubled
image of Siemens star.obtained with the stroboscope under 2x2 mm focus.

A HEER A OHR D, L TRRPIELITHEL T
BREETRL TV,

SF G E TR F « — PIC X HEEE VY AEY
ZOlsEE I, TR X EARHNTITIEELR
LT L L9, A Fer AT TEECREA
% 3> Siemens star #{fh, Zhic X2 TEZEY A
Ky AaglEL LS T5L0TH%. Fig. 5 @ L£D
FEEEO.ImmORY » F2FL, FEZ0.3mm o
MR E% 7 a4 s Riciflb s TXREZ LD O.
Fig. 5(a) AOFEII IO %27 + LA L TEYE—
FEOWITHEHES SRS X HEELLLOT S 5.
Fig. 5 (b) |3 Siemens star % 2 fE{hiARELZLD
<, KROFHEMARI $0EEAEX R LTREAZ
KL Lobho, AOFERIEEEESEL LTHEA
IR LE-LOTHE. BHEL, Siemens star 7
2REAC 2TV A O, MES £ OEESIEHER
EEEESOTWEWED EEbIS. THREAY » b
wEESYE, Bz NABE—VT—T L EILENWT

EE SR AILICE O THATHIENTESLIEAD.
BLEDES A F e B X2THRNLHE ST
iz IEekik 4k Siemens star TH 5 L Fz2 b, {FE
OREABGLNE I EFEETHS. LLpLrd

OIS EHIL THROWMEALETLHD.

3.2 SWEALAEEOEMBRYSH

seputim peHy 3.1 OERLFELTHS. BRHIE
40kVp, 60kVp, 100 kVp, 140kVp, &EEiff 50mA —
s, T s EOESRBEEMIE-EIIARDL R
mAsec O &fliCH D 3 fEILAEREL L (Fig. 6).
#57 ¢oL ATHEEEE 120em Td D, 7 1A RO
EEOERAESHII e 74 b A2 DT A= Fx
~% 31 EFUCIZLTHELR. 77— =4iE IBM-
7090 FHEEEIC I 27

Fig. 7 ici3fEdifen z sh o XEmEaf (@) &
LN FOEMAR SO EIA (b), Fig. 8 2i3fE
Sfao y #Emeo X BEaES (@) bt D%
FEiEH A ORERE (b) 2R Tv5. SROEMER
HIEES LoMBIZRELTHS

#EE X HEfRiE i ioZibit ¢ gt Fig
T wCEBh5 L2 I F o EEERLC T, §E
EC L oBEoZTL3g AL LW ERTEY. YWT
1z Fig. 8 IR AN X5 I AKOBHER LI TWD A5,
ORISR bND. LA o THELSOEA
T 2 HOSREsLHETS E, Ehorihmo%E



—_3 4

(a) (b) (c) d

Fig. 6 Tripled images of 2x2mm focus of rotary anode X-ray tupe operated with a single

phase full wave rectified, (a) 40kVp, 50 mA, 60sec, (b) 60 kVp, 50 mA, 30sec, (c) 100kVp,
50 mA, 10sec, (d) 140 kVp, 50 mA, 4 sec.

Diameter of pin-hole: 0.1 mm
Thickness of lead plate used: 0.3mm
Distance between focus and film: 120 cm
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Fig. 7 X-ray intensity distributions of the 2x2mm focus in x-component and the amplitude
and phase characteristics with respect to spatial frequencies.
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Fig. 8 X-ray intensity distributions of the 2x2mm focus in y-component and the amplitude
and phase characteristics with respect to spatial frequencies.
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(a)

(b) (e)

(d)

Fig. 9 Tripled images of 2%
phase full wave rectified, (a) 60 kVp,
200 mA, 7.5sec; (c) 100 kVp,
2.5sec.

(e) (f)
2mm focus of rotary anode X-ray tube operated with a single
2mA,
2mA, 250 sec, (e) 100kVp, 50 mA, 10sec, (f) 100 kVp, 200 mA,
Diameter of pin-hole: 0.1 mm

750 s2c, (b) 60 kVp, 50 mA, 30sec, (c) 60kVp,

Thickness of lead plate used: 0.3 mm

Distance between focus and film:
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Fig. 10 Relationship between the transparency
of X-ray irradiated film ard X-ray quantity.
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(b)
Fig. 11 Xray intensity distributions of the 2X2 mm focus in x-component and the amplitude
and phase characteristics with respect to spatial frequencies.
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Fig. 12 X-ray intensity distributions of the 2xX2mm focus in z-component and the amplitude
and phase characteristics with respect to spatial frequencies.
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Fig. 13 X-ray intensity distributions of the 2X2mm focus in y-component and the amplitude
and phase characteristics with respect to spatial frequencies.
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Fig. 14 Xray intensity distributions of the 2X2mm focus in y-component and the amplitude
and phase characteristics with respect to spatial frequencies.
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Fig. 2 Schematic diagram of a direct scanning
apparatus for measurement of optical transfer
functions of the X-ray fluorescent screen and
the focal spot of X-ray tube. The position of
‘the slit can be varied between the X-ray tube
and the fluorescent screen.

Table 1 X-ray tubes under test.
No. | X-ray tube Nosmaiiigcal 1 X-ray equipment

Sirius 910T

1 Rﬁ};ﬁg 2.0x2.0mm? (Osaka Roentgen
_Works, Ltd.)
Hokokugo

2 | SDR-10 5.0x5.0mm? | (Shimazu Seisaku-
sho, Ltd.)
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(b)
Fig. 3 Photographs of the focal spots taken
by the pin-hole made of lead plate.

(a) X-ray tube No. 1, (b) X-ray tube No. 2
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Fig. 4 Measurement of the optical transfer
function of the focal spot of X-ray tube. F(v)
can be obtained by the simple division using
two results, i.e., Fi(v) and FI(v)- F(v).

X-ray tube: No. 1, X-ray tube voltage: 70
kVP, Magnification ratio: 0.5, Screen: F-2
(Kyokko)
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Solid line shows the line spread function
calculated by numerical integrations using
optical transfer function data in Fig. 5. Ex-
perimental points are obtained from the slit
image using photographic film.
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Optical Transfer Functions of
X-ray Tube Focal Spots for
Various Tube-Currents

Hitoshi KANAMORI
Shimadzu Seisakusko Ltd., Kyoto

Morgan!) derived the optical transfer function
(O.T.F.) of focal spots assuming uniform intensity.
Uchida®) showed that intensity on spots is not uni-
form and that under small tube-currents the O.T.F.
scarcely changes with various voltages applied. The
present note illustrates that as current increases
the O.T.F. decreases more than in experiments by
Uchida.

A 2-mm focus tube (Shimadzu Circlex 2C) was
connected to a single-phase Graetz-type high-voltage
generator (Shimadzu KD-150L). Latitudinal (perpen-
dicular to filament) and longitudinal (parallel to
filament) slit-images of focal spots for various
tube-currents were radiographed through a 0.3 mm
slit of a lead plate with triple magnification (10 vs.
30cm). Transmission curves of slit images ob-
tained by microphotometer scannings were calibrat-
ed into intensity distribution curves by means of
standard films developed with spot-image films.
The slit width of a microphotometer was 20 microns.
Typical intensity distribution curves thus obtained
are shown in Fig. 1. Curves (a) and (b) correspond
to latitudinal and longitudinal slit images respec-
tively. The abscissa are calibrated to the scale at
the focus. As current increases, spot size increases
and only two distinct peaks become obvious in the

60 kV -peak
ImA

100mA

Inteasity

4
F\ Intensity

[}
w

distanice

Fig. 1 Intensity distributions obtained from lati-
tudinal (a) and longitudinal (b) slit images of
the focal spots

{b) Longitudinal .

08 Uniform  intensity

06
60 kV-peak

04
02
o1
5 S Le® fUlines/mm)
(b)
Fig. 2. Latitudinal (a) and longitudinal (b)

optical transfer functions of the focal spots

case of latitudinal intensity,

Taking the Fourler cosine transform of intensity
distributions, calibrating the slit effect, and ocon-
ducting the normalization, we obtain the modulus
of O.T.F. of focal spots shown in Fig. 2, which
shows the nature of frequency spectra of the focal
spots. As current increases, the modulus bands
become narrower and the first cut off frequencies
decrease, suggesting that image sharpness due to a
focal spot decreases. Comparison of the frequency
contents of various bands between Fig. 2 (a) and
(b) shows that spurious resolution, caused by phase
shifte of r in the O.T.F. of the focal spots, is
presumed to be more obvious in the latitudinal
direction than in the longitudinal.

0.T.F.'s due to a uniform 2 mm square spot are
added to Fig. 2 with dotted lines. Latitudinal
spurious resolution due to an actual spot is more
evident than that due to a uniform spot, and is
less evident than the longitudinal spurious reso-
lution.
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Gaussian and Rectangular ApPproximation of

Intensity Distribution of X—ray Tube Focal Spot
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Table | Some Properties

1 Definition

Punction

%)
2 Linsarity
af(x)
6 ) i)
3 Shifting Theorem
g(x)=f(xtxgy)

of Fourier Transform

Fourier transforn

F(f);[_j) f(x)lexp(—2xifx)dx

aF(r)
PO )dm,o1)

G(f)=exp(+2mifx,)F(f)

Teble ]I Represantation by Symmetry and Antisymmetry

1 Symmetry
Function Fourier transform
g(x)=r(x+xy)+f(x—x4) G(f)=2 cos 2nfxy -F(f)
whers flx+xg )=f(x+x,)
2 Antisynmetry
g(x):%f(x+xo)+ fl{x—x4) G(f)=-2 sin 2afx,.F(f)
whears f(x+xg)=—7F(x—x%4)
3 Generel representation by symmetry and antisymmetry bases

G(f):koFo(f)+kSGs(f)+kasGas(f)

where
Fo(f):Fourier transform for X,=0
Gg(f):Symmetry componsnt
Gag(f)iAntisymmetry component

ko kgand kg,:'Bases coefficients.

University of Tokyo & NHK
28, May, 19646.

—40—



£ = £

Fourier Transform of A Base

1. Definition of a base f(x):{A SIS St o)
A R R otherwise
£(x) Fo(f)=a(sina)/e
] wher‘e a—Ax,
a::?rxof
5 f=frequency
—X g L2 X g 2

(B (2% ) 2<x<(£+xy )2
2. shifted base f(x—x):4o.__ b g m
g G(f)=exp(—27ifx). F(f)
=2 ) where F(f)=(sinf) /@
I !
| B =Bx,
1 o
|
( £—x) /2 x (£+5) 2
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Intensity Distribution of X—ray Tube Focal sPot
with Twin peaks T
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5 ,
(f):Wo(Tﬁb)[FO(f)-FT_flb—F(f){b cos(1—q)a—c sin(i—gle}]

G'I‘win
where Fg(f)ZZE%;E
__8in qa
F (f) ¥
a = IWOf
qa = Wi/ W,

University of Tokyo & NHK. 28, May. 1964
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Distribution Parametsrs of Focus

and Associated M T. P

—— Twin Peaks, Antisymmetry——
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Intensity Distribution of X—ray Tube Focal Spot

with Triple Peaks

Nr

Grrip, (f):WO(FHb)[Fo(f)JrTgTD {ZD cos(1—gla—2c sin(1—%_)_a+b}'ﬁ‘(i‘)]

where Fo(f)ZZEiEE
a

¥ (py=_2in e

qa
a = Wotn
g = W‘]/Wo

University of Tokyc & NHK. 28, May, 1966.
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Relative cut—off frequency
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