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Axial Transverse Tomography with Elliptical Orbits
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It is a rescarch on axial transverse tomography using a mechanism with new movements of the
x-ray tube. In this paper we covered the mechanism of the newly developed equipment for axial trans-
verse tomography with elliptical orbits, the technical contrivances for radiographing good cross-sections
by means of this equipment, and the merits of tomograms taken by this method.

1) In the equipment devised this time, the disk on which a patient stands and the disk on which
a film is placed, rotate to the same direction at the same angular velocity. At the same time, linked
with these movements, the x-ray tube and the filnx make horizontal movements of the same direction and
speed forming elliptical orbits, thus to make a tomograra of the cross section of a patient’s body.

2) In order to take good tomograms by elliptical axial transverse tomography, there are two tech-
nical contrivances necessary. We have established these two methods. One of them is to align the
x-ray tube focus and the two rotaional axes, and then to adjust the horizontal movements of the tube
and the film cassette holder disk along this line as accurate as possible.

Another contrivance is, in this method of tomography, incident x-ray dosage to the film changes
during the 360 degree rotation. In order to compensate this change of dosage, we have developed an

automatic control which adjusts the tube voltage corresponding to the dosage change, and we have
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established its methodology.

3) The objective of elliptical axial transverse tomography is to obtain cross-section radiograms of
as small an enlargement ratio as possible. Using this equipment developed this time, any part of a
human body can be tomographed at the enlargement ratio of 1.17.

4) There are two meanings in minimizing the enlargement ratio. One of them is that the smaller
the enlargement ratio, the less the geometric penumbra will become and the better the contrast will be.
This will contribute to the upgrading of the diagnostic value of axial transverse tomography. The other
is that by reducing the enlargement ratio, it becomes possible to take full pictures of the chest or pelvis
of large patients without losing contours of their body. This is important in utilizing the axial transverse

tomography for the planning of radiation therapy.
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Fig. 2. Sketch of equipment—Disk TA on which patient stands and disk TB
on which film is placed, rotate to same direction, at same angular velo-
city, Simultaneously, x-ray tube and disk TB make horizontal movements.
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Fig. 3.7 Positional relationship of x-ray tube,
patient and film against rotating angles—
This shows movements of x-ray tube and
disk for placing film in relation to rotation
of patient and film. When x-rays come in
from longer axis of orbit, x-ray tube and
film move apart from each other, but they
move closer to each other when x-rays come
in from shorter axis.
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Fig. 4. X-ray tube and rotary disc that carries
film, move horizontally at a certain speed
ratio. This ratio is designed to be 1.17, wh-
ich is magnifying ratio of axial transverse
axial tomogram.
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Fig. 5. X-ray tube focus and axes of rotation of two disks must be aligned wcll, and furtherm-
ore, X-ray tube and disc TB must move along this line accurately. This is how they
should be adjusted. Assume that distance between tube focus and rotary disk TA be a,
and distance between two rotary axes be b. Fix x-ray tube and rotary disk TB at foll-
owing respective position: A) a: minimum b: miniroum, B) a: minimum b: maximum,
C) a: maximum b: minimum, D) a: maximum, b: maximum, and take radiograms of
pin standing on disk TA. This shows that equipment is properly adjusted when all xX-ray

images of pin concentrate at one point.
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Fig. 6. This is equipment which records changes
of incident X-ray exposures on film during
axial transverse tomography. It also autom-
atically controls X-ray tube voltage pursuant
to the changes of incident X-rays: (1) Phot-
omultiplier, (2) D.C. Amplifier, (3) Servo
Amplifier, (4) Dose Setting Meter, (5) Tube
Voltage Compensator, (6) Storage Oscillose-
ope, (7) Blackening Curve Recorder.
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M: Main Motor
SM: Servo Motor
HT.G.: High Tension Generator

Fig. 7. Schematic Diagram of Automatic Tube Voltage Controller
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Fig. 8. Blackening Curves recording change of
incident x-rays on film when phantom of
human pelvis is radiographed by means of
elliptical orbit axial transverse tomography.

Curve A: Blackening curve by x-ray exposures
with constant tube voltage.

Curve B: Corresponding to changes of curve
A, values of tube voltage are record-
ed as they automatically change.

"Curve C: Blackening curve by x-ray exposures
recorded as tube voltage changes.
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Fig. 9. Elliptical orbit axial transverse tomogr-
am of Mix-D chest phantom taken with a
certain exposure condition. Only two ellip-
tical model pipes out of four positioned in

left lung are shown.

Fig. 10. Elliptical orbit axial transverse tomogr-
am of Mix-D chest phantom with tube vol-
tage automatically changed. All four ellipt-
ical model pipes are shown in correct relative

positions, front and rear, right and left.
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Fig. 11. Elliptical orbit axial transverse tormogr-
am of human cephalic phantom (Enlargem-

ent ratio: 1.17)
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Fig. 12. Conventional axial transverse tomogram
of human cephalic phantom (Enlargement
ratio: 1.3)

B OFEAERL7.5enT H b, MBS o HENTEE
(H12K) Tz, ZhbOKENFhFhiscn,
20em T A, SUREFIHE O T E B c iR o
NERIE S BT Hh 5. HIL S ESE, NEAL,
Fa, (R, EFRRORIERESODELHHTH
D, EEOMMEETIOEIERTHS. =0
EREAREOSE, IKKROHINCHE,
FREFINEL ool it L B3 DTH D,
I. BHRMEEY: Fi7 > v b — 2 0MEE
G ORS THRY Ui BM#uE © #rER (5813
) Tk, piEER23.5am, EffRdlonT, F4)7
4 VAT OIS S hTns, &
hiext L, FHEBOEEEE (14R) culpis
Ep26emTH Y, FEEL BEBEOARHIIBE I
T2, Wl OHEROMEFDOKFIL 7 4 1
ADBIRTEBE IR Twio. EHEEEEE
WY Tk, BEMTTE OURERA R L K X VIVE RS
DFET, LOWMBEELRBRE s R, WSS
PRETH, TOMMHEOLKREL L0 7 4 1
ACEECHE T ENTER, —HMAERD
EEERETHRE T, e, EETh, BREBo%
&R, MHOGREORED 7 4 L A0

Fig. 13. Elliptical orbit axial transverse tomogr-
am of human pelvice phantom (Enlargement
ratio: 1.17)

Fig. 14. Conventional axial transverse tomogram
of human pelvic phantom (Enlargement rat-
io: 1.3)
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