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High Intensity Flash X-ray Generator

Hiroshi 1SOBE

Department of Physics, School of General Education, Iwate Medical University,

3-16—1 Honcho-dori, Morioka 020

(Received November 15, 1985)

The construction of a high intensity flash X-ray (FX) generator with two new types of FX tubes

for biomedical radiography is described. The FX generator may be used for condenser charging volt-

ages of 50 to 100 kV, and peak currents of 20 to 40 kKA. The electric pulse width of the FX wave

forms ranged from 0.2 to 0.4 us, and the maximum intensities of the two tubes were about 70 and

150 mR at 1 m per pulse, respectively. The effective focal spots obtained by these tubes varied accord-

ing to the kind of tube, the condenser charging voltage, the anode-cathode (A—C) space, etc., ranging

from 0.2 to 4.0 mm in diameter. We selected two combinations of electrodes: (a) for normal focusing

and a high dose rate; (b) for fine focusing and a low dose rate. The FX intensity was determined by

the condenser charging voltage and the A—C distanc

e, while the FX quality (average spectrum distribu-

tion) was determined by the average voltage of the FX tube and insertion of metal filters. Various

clear FX images were obtained by controlling the FX intensity and quality. We used Fuji Computed

Radiography (FCR) in conjunction with our FX radiography, and by controlling the FX quality and

the focal spot size, we obtained some interesting new biomedical radiograms.
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Table 1 Various flash X-ray systems.

FLASH X-RAY SYSTEM

MODEL HEWLETT PACKARD SCANDITRONIX 5:‘1‘323:?25“"
ITEM 43731A | 43733A | 43734A |43710A | 437038 300 450 600 1200 Type A Type B
OUTPUT "°“‘(‘g§) 150 300 4s0 | 1000 | 2300 |100-300|150-450|250-600|500-1200| 40-100 40-100
OUTPUT PEAK 5540 e
e tex) 2 5 6 6 6 10 10 10 10 20-40
EFFECTIVE FOCAL & 558 -
SPOT SIZE (mm) 3 s s 5 1 1 1 1
PULSE WIDTH(nE) 70 30 25 25 40 20 20 20 20 300 200-400
INTENSITY PER | 40mR |SSmR | 20mR  |SSmR | 15mR max
PULSE o0em | 738cm i - B m | 9mR/1m [20nR/1m 30mR/1m|6SmR/1m 70mR/1m| 150mR/1m
VACUUM SYSTEM ENCLOSED TYPE ENHAUST TYPE
1 " 1 1 1 i 1 1 |
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Fig. 1 Block diagram of the high intensity soft
flash X-ray generator.
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Fig. 2 Construction of the flash X-ray tubes for biomedical use: 1. anode tip; 2. cathode tip

(TYPE A), cathode ring (TYPE B); 3. anode rod; 4. cathode rod; 5. plasma protecting
disk; 6. vacuum seal; 7. electric contact part; 8. anode-cathode distance adjustor;

9. center adjustor; 10. internal output mouth of X-ray; 11. mylar window; 12. various
filters; 13. external output mouth of X-ray (diaphragm); 14. vacuum mouth; 15. glass
insulator; 16. ceramic insulator; 17. epoxy resin insulator.
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Fig. 3 Calculated values of the flash X-ray characteristics as a function of the impedance ratio P:
(a) continuous flash X-ray intensity; (b) characteristic flash X-ray intensity;

(c) average voltage of tube.
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Fig. 7 Electric wave forms of the flash X-ray output obtained by the Type B tube with an anode
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A—Cp distance with a charging voltage of 80 kV.
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Fig. 12 Focal spot structure of the Type A tube: (a) Initial stages of spark discharge.
(b) Effective focal spot. (c) Focal spot in the direction of the cathode.

(d) X-ray intensity distribution.
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tions of electrodes achieved by the
insertion of aluminum filters: (a) Nor-
mal focus and a high dose rate obtained
by using the Type A tube with an anode
angle of 120°, a cathode angle of 50°,
a condenser charging voltage of 80 kV,
and an A—C distance of 4 mm; (b) Fine
focus and a low dose rate achieved with
the Type A tube with an anode angle of
60°, a cathode angle of 30°, a condenser
charging voltage of 90 kV, and an A—C
distance of 1 mm; (c) Normal focus and
a high dose rate obtained by the Type B
tube with an anode angle of 30°, cathode
diameter of 8 mm, a condenser charging
voltage of 80 kV, and an A—Cp distance
of Imm.
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Fig. 14 Schematic drawing of the experimental
arrangement used for measuring the
focal spots by using three pinhole
cameras.
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Fig. 15 A chest radiogram of a human being
achieved with a slightly hard flash X-ray
with a V. of 90 kV, an A—C distance of
8 mm, an anode angle of 120°, a cathode
angle of 50°, an aluminum filter of 1.0
mm, and an F—F distance of 1.5 m.

Fig. 16

A flying parakeet (body length = 8 cm)
using a soft flash X-ray with a Ve of
80 kV, an A—C distance of 3 mm, and
an F—F distance of 1.4 m.



(b)

Fig. 177 Two radiograms of a human head phantom achieved with a slightly hard flash X-ray
with an anode angle of 45°, a cathode diameter of 10 mm, and an A—Cp distance of
2 mm: (a) taken at an optimum exposure with a ¥ of 90 kV, an aluminum filter of
0.5 mm, and an F—F distance of 1.0 m; (b) taken by an over exposure with a V¢ of

94 kV and the same conditions.
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(b)

Fig. 18 Chest radiograms of a human being by using the FCR achieved with a slightly hard
flash X-ray with a V¢ of 90 KV, an A_C distance of 8 mm, an anode angle of 120°,
a cathode angle of 50°, an aluminum filter of 0.5 mm, and a F—F distance of 1.5 m:
(a) Normal image; (b) Frequency enhancement image.

Fig. 19

Edge enhancement radiogram of a flying
parakeet obtained by using the Type A
tube achieved with a soft flash X-ray and
a small focus with a V. of 80 kV,an A—C
distance of 3 mm, an F—F distance of
1.4 m, an anode angle of 120°, a cathode
angle of 50°, a soft contrast control, and
frequency enhancement.
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Fig. 20 Instantaneous enlarged radiogram (1.5X)
of a moving guinea pig (body length =
20 c¢cm) obtained by the Type A tube
taken by using a fine focus and a soft
flash X-ray in the low dose rate region
with a ¥; of 90 kV, an A—C distance

of 1 mm, an F—F distance of 1.0 m, an
anode angle of 60°, a cathode angle of
30°, a slightly soft contrast control, and

a delicate enhancement.
b v _—=2)3Fig. 22 IC/RTHN TH B, il
RS v FERMER L TR0 tidn & Ek
THbo

LTHE SO, CEPEIRENR S & ORI & &

BHIZIZ420Y v FHTELEREE L

LTWwWaEBbhA,

Fig. 23 12 Fig. 20 ® & D & [l EAD 1 [o] 5
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Fig. 21 A radiogram of a human head phantom
using the Type B tube achieved with a
slightly hard flash X-ray and a 6: 1 grid
with a ¥; of 90 kV, an A—Cp distance
of 2 mm, an F—F distance of 1.0 m, an
aluminum filter of 0.5 mm, an anode
angle of 45°, a cathode diameter of 10
mm, and a slightly hard contrast control.

Fig. 22 A radiogram of jets of the contrast me-
dium in a water phantom by using the
Type B tube achieved with a soft FX
with a ¥V of 90 kV, an A—Cp distance
of 0 mm, an F—F distance of 1.0 m,
an aluminum filter of 0.5 mm, normal
contrast control, and the electrode
combination as in the previous figure.
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(b)

Fig. 23 Single exposure energy subtraction images of bones (a) and muscles (dorsal-less) (b) of
a guinea pig taken by the Type B tube using a slightly hard FX with a large amount of
soft components at the following conditions: a V¢ of 94 kV, an A—Cp distance of
2 mm, an F—F distance of 1.0 m, and the electrode combination as in Fig. 21.
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Fig. 24 Block diagram of a method for obtaining the single exposure energy subtraction image
by using the FCR and the distinctive energy spectra of flash X-ray.
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Estimation of System Parameters Governing Blurred Images and Their Reconstructions
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In this paper concerning with the parameter estimation of the blurred images, original images

are assumed to be the random variables generated from the autoregressive processes, and the blurred

images are considered as the degraded versions of above processes by blurred function (or one-

dimensional point spread function).

Introducing the state variables, we will formulate this model

as linear dynamical system with triplet (F, G, H). Though there are many approaches to these estima-

tion problems, based on the correlation sequences computed from the blurred data, system parameters

(F, G, H) are obtained by employing the realization method of stochastic processes. As pointed later,

this approach is widely applicable to various blurred function. Simple simulation results are presented

for the demonstration of the proposed method.
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Fig. 1 Images at each stage of simulation
(a) original image (b) blurred image
(c) reconstructed image
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Measurements of Diagnostic X-ray Spectra for Various High Voltage Waveforms

— 70 kVp data
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A high-purity germanium spectrometer system was used to measure primary X-ray spectra of
70 kVp. Methods were devised for producing and examining spectra simulating diagnostic conditions
without operating the X-ray generator at high current levels. The collimations used to measure the
70 kVp spectra are discussed. The results, presented graphically, have been normalized to yield the
relative number of photons per 1-keV interval. Methods for converting an exposure spectrum into a
photon fluence spectrum that will produce attenuation curves of the objects (Al and acrylic resin) are

presented. The results, presented graphically, have been normalized by the exposure of 3 % ripple.
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