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Optimal magnification radiography on organs and tissues of interest was determined from various
conditions of the living body in the estimation of the composite modulation transfer function (MTF) by
calculation with a computer (FACOM-230-60, Fujitsu Ltd., Teckyo). The composite MTF was calculated
by convolution of the component MTF’s that is, of the focal spot, screen-film system, scatterer, and move-
ment, which were obtained from experimental or theoretical data described in a previous paper?, as fol-
lows: The composite MTF of the magnification radiographic system I () is shown by

I()=F (m-lfm+y) Sf (I/m ). {Sm (¥)}?+ Sin z wvt/zy vt
where F (v), Sf (v), Sm (v), and M (v) are MTF’s of the focal spot of the x-ray tube, screen-film
system, scatterer of the unit in thickness of | cm of the water phantom, and movement of the organs covered,
and m, d, and v are magnification ratio, thickness of the water phantom in ¢m, and spatial frequency,
respectively.

Two bias tubes having a focal spot of 0.05 mm in nominal size, whose capacity was 125 kV, 3 mA,
and 2 sec, or of 0.1 mm, whose capacity was 150 kV, 16 mA, and 1 sec, and one non-bias tube having a
focal spot of 0.3 mm, whose capacity was 120 kV, 50 mA, and 1 sec, were used. Kyokko MS medium-
speed intensifying screen and Kodak RP-R high-sensitive medical film were exposed in this combination
at the constant source-film distance (SFD) of 100 cm. Actual skin exposure was measured at source-
skin distance (SSD) of 100 cm and changing SSD in the radiation field of 85 % 35 cm, subject to actual

exposure condition (mAS) at 120 kV and actual exposure conditions of the above three tubes in film
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density of 1.0, were obtained from thickness of the water phantom. :

From the above data, data input to the computer were as follows: Each exposure time was calculated
at 1-cm intervals in thickness of the water phantom from 0 to 25 cm. MTTF of movement was calculated
from Morgan’s formula with the variable uniform velocity of 0, 0.1, 0.5, and 1-14 mm/sec, and the just
calculated exposure time. Magnification ratio of the surface in the radiation field facing the X-ray tube
was limited from one to eight of the integral number. SSD was kept apart from 15 e¢m. SSD of 7 or
8 times magnificantion radiography is 15 cm and SFD is 105 or 120 cm in this case. The skin exposure
was kept less than 1 R. The exposure conditions of 1 R were input to the computer and, if the skin was
exposed much more than 1 R, the rank of magnification ratio was let down by one.

The highest MTFs and maximum integral MTFs of the higher spatial frequency from 4 to 10 line
pairs/mm (Ip/mm) were calculated and printed as a relation between the variable thickness of the water
phantom and change in the uniform velocity of the movement of organs. The best combination of what
size of the focal spot to use among the three X-ray tubes and what times magnification radiography should

be taken to obtain the highest MTF is noted according to the higher spatial frequency from 4 to 10 Ip/mm.
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Table 1 Focal spot size and optimal magnification ratio of the maximum integral value of MTF.

Z‘fhi‘iggf Uniform Velocity (mm/sec)

”gﬁf o [ o1 o5 1 2 | 3 | 4 5 6 g | 10| 12| 14
1 8(50) 8( 50| 8 50| 8C 50)| 8¢ 50)] 8C 50J] 8C 500 8C 500 3(100)| 3C100)| 3(100)[ 3C100)| 3C100)
2 . . . . . . . 3(100) . » . " .

3 . 3(100)| - . " . » .
4 . . . . . . » | 4100)
5 . . . . - | 4(100)| 4¢100)| 4¢100)| 4¢100)| 4(100)| 4C100)| 4C100)| -
6 . . . . . . 5 . . .
7 . . . . 4(100) . . . . . . .
3 i . . « | 2¢300)
9 . . . . . - l20300) .
10 . . 4(100) . . + 2600 - 7z
11 . . . . . . | 2¢300) - / v
12 . . . . . . . . / e P
13 5 . s . . 203000 /S yd v
14 - | 4C100) - | 20300) - S / / i
15 R ‘ . 2(300) . / yd / / v
16 7(50)| 7C 50) 2(300) - / / S / s b
17 6(50)| 6¢ 50) . . / / s / v s A
18 . . . - |20 / / / bd / v v
19 5(50) 5C 50)| - . 3(300) /. / / yd 7 ' Al
20 . . . . / / / s / s / i i
21 . . . . / / / S / yd s V4 A
22 + | 4€100) 3(300), / / / / / / ' v
23 450) - / / / / / / s / i v
24 . . . / / / / / / s / / vl
25 3(50)] 3¢100) 3C100) / / / / s 7 / / vl

* Magnification ratio (focal spot size, um)
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Fig. 1—Fig. 7 Zones of the focal spot size whose
highest MTFs in the spatial frequency of 4(Fig.
1,5 (Fig. 2), 6 (Fig. 3), 7 (Fig. 4), 8 (Fig.
5), 9 (Fig. 6), and 10 (Fig. 7) lp/mm are ob-
tained (upper) and their optimal magnification
factors (lower) in the relationship between va-
riable thickness of water phantom and changes
in uniform velocity of the movement of organs,
when magnification radiography is taken by three
kinds of tubes whose focal spot size is 0.05,
0.1, or 0.3mm. Zone above the topmost solid
line; no information obtained by magnification
radiograpliy.  Upper wone of the dotted line;
value of MTF obtained lower than 1 %. Lower
zone of the dotted line; value of MTF obtained
higher than 1%. No information in the higher
spatial frequency than 7 Ip/mm is obtained by
magnification radiography taken with 0.3mm fo-
cal spot tube. Also no information in the higher
spatial frequency than 9 Ip/mm is obtained by
magnification radiography taken with 0.1mm focal
spot tube. Information of lower value of MTF
than 1 27 in the spatial frequency of 10 Ip/mm
is obtained only by magnification radiography
taken with 0.05mam focal spot tube.

Fig. 8 Zones of the focal spot size whose maxi-
mum integral MTFs of the spatial frequency
from 4 to 10 Ip/mm are obtained and their opti-
mal magnification factors.
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