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Radiographic Effects Due to the Waveforms of
X-ray Tube Voltages and Currents
Part 2 Effects to Transmitted X-rays Through Object
and to Fluorescence-Brightness of an Intensifying Screen

By

Hitoshi Kanamori
Radiation Apparatus Division, Shimadzu Seisakusho Ltd. Kyoto, Japan

Uniform radiographs are not only made by kVp and mAs of X-ray radiography. Not
only inaccuracy of kVp nor ununiformity of efficiency of X-ray generation cause this, but
also by such variation of waveforms of tube-voltages and currents as stated in Part 1.

In part 2, effects due to the 3 kinds of waveforms, —single-phase, three-phase, and
constant—were studied experimentally. Transmitted dose-rates were measured by Victoreen’s
Radocon or Condenser-R-Meter, and brightness of fluorescence by means of the integration
of photo-current in a photomultiplier 931 A. Both indications were calibrated by the data given
in Fig. 1 and Fig. 3 respectively. Ixperiments were made on one X-ray tube connected
to the single-phase or to the 3-phase apparatus used in Part 1. The two apparatus wrere
used separately such that data on single and 3-phase waveforms were obtained with them
respectively. Smoothing capacitors were connected to the 3-phase apparatus for producing
constant waveform in addition to cable-capacities. Tube-currents were selected for each kVp
such that the tube-voltage pulsation rates in the three kinds of waveforms took 1, 0.3 and 0
respectively. Phantoms were placed at the mid-point between focus and chamber, to remove
the effects of secondary radiation. Alluminum- and acrylite-plates were selected as objects.
A typical screen, Shimadzu FD, is used for the data on fluorescence.

Fig. 10 and Fig. 11 show transmitted dose-rates and fluorescence of a screen produced by
them respectively. The both figures facilitate investigation of radiographic effects. This
will be discussed in Part 3.

The figures show that :-

1. Constant waveform generates harder quality and larger quantity of radiation than
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single-phase waveform does, when the same kVp is used This is well known but has not
been measured accurately.

2. The difference in hardness decreases as kVp increases and it becomes almost equal
when kVp exceeds 80.

3. The difference in quantity also decreases as kVp increases.

The above characteristics may be caused by the soft radiation absorbtion rate of
objects. The radiation produced by a single-phase waveform may have larger rate of soft
radiation than a constant wavefrom radiation. ‘This difference is renarkably evident
when kVp. decreases.

4. Transmitted radiation is hardened as thickness increases. This appears more
remarkably on aluminium than on acrylite. Acrylite has flatter absorption coefficient charac-
teristics to photon energy than aluminium has (Fig. 4), so that soft radiation may absorbed
more rapidly by aluminium than by acrylite.

Using the data in Fig. 10 and 11, moreover, it was foundth at the efficiency of fluoreseenc
e-generation depends only on H.V.L. or effective kV of radiation as showh in Fig. 12.

Above experimental results could be reduced theoretically from eq. (6), if the spectral
distribution of radiation intensity and that of aborption coefficients were known. However,
spectral intensity-distribution is not exactly known when 30-150 kV is used as in the case with
diagnoses. Therefore, Kulenkampff’s equation, eq. (1), which had been given to 7-12kV
radiation produced by constant wavefrom, was applied as a trial. Calculated distribution for
the 3 waveforms are shown in Fig. 5 and Fig. 6. The measured waveform (Part 1) were
used for 3-phase and single-phase waveform. Whereas, the standard absorption coefficients,
taken from a handbook, are as shown in Fig. 4.

The area under a spectral-intensity curve shows a relative dose-rate. In Fig. 7, the areas
under curves (3) in Fig. 5 were compared with air-dose rates at a distance of 1.8 m in front
of the tube-focus. In Fig. 8, the areas under curves in Fig.6 were compared with transmitted
dose-rates. All of the experimentally obtained characteristics, 1-4, agree with the calculated
results in tendensies, but do not agree in quantity. The experimental dose-rate may have
harder quality of X-rays in all cases. This suggests that the second term of Kulenkampff’s
equation ,which expresses the self-hardening effect of an anode, should be estimated greater
for higher tube-voltages.
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Eig. 12 Calibrating Coefficient for the
Calculation of the Efficiencies of an
Intensifying Screen
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