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Modification of the Optical
Transfer Functions of X-Ray
Tube Focal Spots on Radio-
graphic Images (11 —2)
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In addition to recent work on the optical trans-
fer functions (O.T.F.) of X-ray tube focal spots,!2:%)
more precise discussions are presented here.

Deformation of apparent focal spots on an image
plane is illustrated in Fig. 1, where coordinates

Focal spot

(a+b) tanx

Image-plane

Fig. 1.

Apparent focal spots on an image plane.

x and y show latitudinal (perpendicular to filament)
and longitudinal (parallel to filament) positions,
respectively., Therefore, on the image plane, the
longitudinal O.T.F. of a spot must be modified by
multiplying

7 =a/b[1+y cot a(a+b)]

to the frequency.® In addition, a scanning direc-
tion of the latitudinal O.T.F. must be rotated with
an angle j (see bold arrows in Fig. 1). Thus the
multiplying coefficient of the latitudinal O.T.F.
for frequency is

ri=a/bcosg.

For example, theoretical coefficients at various
points within an object, with spatial relationships,
are shown in Fig. 2; (a) shows ) (independent of
z), while (b) shows ¢, at the intersaction of y=0.
The point nearer the image plane and nearer the
anode side indicates larger s, so that it is imag-
ed with more sharpness around this point.

Knife edges of 0.1 mm lead foil were placed at
the points indicated by the circle symbol () shown
in Fig. 2, both in air and water phantom. Their
radiographs were traced by a microphotometer
with a 20 micron slit, and calibrated into beam
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Fig. 2. Multiplying coefficients for frequencies.
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Fig. 3. O.T.F. curves which were inversely
modified from experimental O.T.F. curves.

intensities by means of standard films developed
with edge-image films. O.T.F.'s were derived by
taking moduli of Fourier transforms of gradient
curves of beam intensities.

Frequencies of the O.T.F. curves derived above
were inversely modified, i.e., they were divided
by the respective values 7 or #;, and compared
one another. Typical curves are shown in Fig. 3
with the solid lines. (a) and (b) indicate the lon-
gitudinal and latitudinal O.T.F. curves at the point
A in air, which were inversely modified from the
O.T.F. curves experimentally obtained. Other
curves, both in air and water, coincide within
maximum deviations of -4-0.05 in ordinates except
the anode side B in a water phantom. In the
exceptional case, edge effect due to scattered rays
were observed and their O.T.F. curves are shown
in Fig. 3 with the dotted lines.
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Modulation Transfer Function of the Very Small
Focal Spot of X-ray Tube for Macroradiography
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Modulation Transfer Function (MTF) of the very small focal spot of X-ray tube for macroradiog-
raphy and that of intensifying screen-film system were discussed.

As the ratio of macroradiography becomes higher, M'TF of the focal spot decreases, at the same time
that of screen-film system increases. MTF of macroradiographic sysiem is considered to be the compo-
sition of that of focal spot and that of screen-film system. Fiom two MTFs obtained by macroradio-
graphy in different magnification ratio, 2 and 4 (Fig.1), MTF of the focal spot (Fig. 2)and that of screen-
film system (Fig.3) were counted respectively. Line Spread Function (LSF) of the focal spot (Fig. 4)
and that of screen-film system (Fig. 5)were also calculated fiom their MTFs by means of Fourier inverse
theorem. Optimal magnification ratio of macroradiography of this system was thus obtained to be from
3.9 to 4.6. MTF and LSF of macroradiography (Fig. 6 and 7) in 3.9 times magnification were calcula-
ted.
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Fig. 1 Modulation Transfer Functions (MTF)
of macroradiographic systems in 2 and 4 tim-
es magnification, conducted by means of the X-
ray tube having very small focal spot.
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Fig. 2 MTF of the very small focalspot to fhe
X-ray tube for macroradiography.
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Fig. 3 MTF of the intensifying screen-film syst-
em. Solid curve shows calculated MTF and
dotted curve shows MTF obtained experimen-

taly. (Two curves are coincided expect low
region of MTF.)
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Fig. 4 Line Spread Function (LSF) of the focal
spot of the X-ray tube.
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Fig. 5 LSF of the intensifying screen-film.
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Tig. 6 Calculated MTF of macroradiogrophic
svstem in 3.9 times magnification. ¥ (u/1.3):
MTF of the focal spor, Sf(»/3.9): MTF of
the screen-flm, 1(n): MTF of the macroradi-
ographic system.
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Fig. 7 Calculated LSF of macroradiographic
system in 3.9 times magnification.
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