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Radiographic Eifects Due to The Waveforms of
X-ray Tube Voltages and Currents
Part 3 The Eiffects Due to Tube-Voltage Pulsation,
Acculately Determined kVp, and Abnormal Voltages

By

Hitoshi Kanamori
Radiation Apparatus Division, Shimadzu Seisakusho Lid. Kvoto, Japan

A new definition of the optimum exposure-factors is given, and radiographic effects due
to the new factors stated in Part 1 are derived.

1. The optimum exposure-factors may be obtained as follows: ‘The author published in
a ceparate paper that the optimum density-range of radiograph could be found for each
combination of objects and inspecting factors, and the optimum exposure-foctors were such
that the density produced by an object-thickness range under examination covered just over
this density range. For example, the range for chest-radiograph under usual inspection was
0.27-1.75, and the corresponding film-exposure range was 0.7-6.0310—3 rlxesec for a typical
film. The ordinate, 0.93, in Fig. 3 shows this exposure-range, log 6—log 0.7. Whereas, the
abscissa (X1, X2) is the thickness-range under examination. The optimum kVp, therefore,
may be obtained from thickness-exposure curves, i.e., by shifting Fig. 3 along the ordinate

of Fig. 11, Part 2. Then, the kVp is the parameter of a curve passing through the two

corners of Fig. 3. The optimum mAs with a 1.8-m F.F.D. is obtained from eq. (1), where
a is the fluorescence of a screen per mA at x;. The inverse-square law should be applied
if F.F.D. is not 1.8-m. If a thickness-exposure curve is not a straight line, the calibrating
coefficients of mAs may be obtained from eq. (2) by means of trials and errors. This
.calculation is simplified into the graphical method shown in Fig. 4. This is deduced from
‘the most deviated case as we see in Table 1. The coefficients thus obtained are plotted in
Fig. &.

2. Advantages of a constant or a 3-phase wavefrom over a single-phese wavefrom are
0>btained as follows :

(1) Smaller kVp and mAs are needed. Fig. 6 shows the optimum exposure-factors
obtained utilizing above procedures.
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(2) If primary voltage or filament voltage deviates from their optimum values in the
same percents with the two apparatus, deviation in kVp and mAs with a single-phase
apparatus become larger than those with a 3-phase apparatus in cases of low kVp-high mA.
Some examples are shown in Table 2. This reason is that gradients of equi-mA curves in
P.V.-kVp relation of single-phase apparatus (Fig. 17, Part 1) are greater than that of 3-phase
apparatus (Fig. 19, Part 1) in cases of low kVp-high mA. Larger error in P.V. causes larger
error in kVp. Similarly, error in filament-voltage causes larger error in mA, and it causes
larger error in kWVp. The larger kVp-deviation causes the larger deviation of screen-brightness
so far as transmitted dose-rate. Fig. 9 shows the deviations in radiographic effects caused by
the factors in Table 2. It appears smaller with 3-phase apparatus than with the other.
Good radiographs, therefore, may be more easily made with a 3-phase apparatus than with a
single-phase apparatus.

(3) Fig. 8 shows blur of chest-radiogrophs calculated from eq. (3) (4) (5) under the
factors that : equivalent thickness of acrylite is 10 cm, 13 cm; phantom-film distance b=15 cm ;
velocity of phantom v=25 mm/second : focal size f=2mm: t is the shortest exposure time
allowed by the rating of a typical tube, Shimadzu Circlex 2; and mAs Q is obtained from eq.
(6), where, Qo is the mAs at a 1.8 m F.F.D., Ko, K are multiplying factors due to mAp
(Fig. 10, 11, not 1 when kVp is less than 60) and a grid (Table 3) respectively. Table 3 shows
grids ordinally used and their multiplying factor K which were obtained by the measurement of
screen-brightness with and without the grids. From Fig. 8, we may conclude that a constant
or a 3-phase waveform makes a smaller blur than a single-phase waveform does.

3. We obtained more accurate kVp than before, in Part 1. This effect is that: radio-
graphic effects caused by different mA under same kVp-setting become almost fixed if exposure-
times are adjusted such that mAs is kept identical (Fig.9, 12). This is not true, however,
in the following cases:

(1) In case that tube-voltage waveforms are smoothed by cable-capacities, mAs should
be calibrated by the data on constant waveferms in Fig. 11, Part 1. It is necessary for
obtaining the same density-level under same kVp-mAs.

(2) Transmitted dose-rates per mAs increase with mA, under low kVp using a single-phase
apparatus. This reason is that: V-I characteristics of X-ray tube comes to a straight
line at this region (Fig. 6, Part 1), so that mAp/mA becomes large compared with other
region in which tube current saturates (Fig. 18, Part 1). Fig. 10 shows that peak of tube
current per mA-mean (dotted lines) with 40-kVp increases with mA, whereas that with
60-kVp dose not so much increases. Since soft radiation is absorbed using such a low kWVp,
radiation generated from the voltage-pzak therefore current-peak comss through an object.
Fig. 11 shows that measured dose-rates increase with mAp/mA Therefore mAp should be
taken instead of mA-mean. This effect does not appear when a 3-phase apparatus is used.
This is the origin of an advantage of 3-phase apparatus stated in 2 (2).

Table 4 shows the errors in kVp and in fluorescence due to an incorrect P.V.-kVp relation
derived by an old method. We confirm that the new kVp values cause better radiographic

eifects.
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4. Distortion from a sine-waveform and parasitic oscillations have no effect on trans-
mitted dose-rate, hardness and radiographs in practical views. Therefore, kVp and ulsation-
rate of tube-voltage in addition to mA-peak should be considered.

5. Abnormal voltages occuring at the closing time of an x-ray switch may generate
harder and more amount of radiation than steady voltages do. In this experiment, arc-rectifiers
were connected instead of X-ray switch of a single-phase apparatus, in order to generate the
abnormal voltage in every half-cycle of line. Primary voltage and filament-voltage were kept
constant during a closed angle was varied, and 60 kVp was chosen as the kVp when no
abnormal voltage occured or closed angle was small. Fig. 13, 14 and 15 show waveforms,
air-dose rates with a 1.8-m F.C.D. and absorption curves respectively, and the last two are
compared with those produced by single-phase waveforms of the same kVp. In those figures,
values of mA show those when the closed angle is 10°, and kVp is that of abnormal voltages.
Actual mA closed with a larger angle is smaller, according that filament-voltage is kept
constant. The abnormal voltage has higher kVp so that produces larger amount and harder
quality of radiation than steady voltage does, but less and softer than single-phase voltage of the

same kVp does. This reason may bte that abnormal voltages are more sharp at its peak than

steady wvoltage is,in this experiment.

Fig. 16 shows an example of their radiographic effects. They decrease film-contrast and
increase density-level. Fig. 17 shows another example of an ordinal case, i.e., abnormal voltage
occures only once at the closing time. Thus we confirmed that this abnormal voltage changes
the optimum exposure factors from those obtained without it. Therefore, it should be
prevented against failures of optimum radiographing in addition to electrical break down of

an apparatus.
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constant thickness; (b) (¢) (d), wide
range of thickness
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Table 1

Deviations of the optimum factors

when a thickness-exposure curve is
treated as a straight line, under the
most largely deviated case in this
experiment (1¢, 90kVp, Al)

treated as a
straight line

from the ori-
ginal curve

3, J 130 148 105
_ (at x) (at o)
fluorescence 0.7~ 6.0 0. 88~7. 60
range B,~E. | [x107 rlx-sec] (<107 rlx « sce)
log (E./E,) 0.93 0.93 (4 0.002)
4%, /% 0.78 (97 0.78 (%)
thickness 0~12.8 0~12.8
range x,~x Com) [mm]
density range 0.27~1.75 0.834~ 2.1
relative mAs 1. 00 1. 26
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Fig. 5 Calibrating coefficient of mAs for acry-
lite and Al obtained from Fig.11,Part 2: A,
B,C correspond to the range of thickness
under examination as shown in the top of
Fig. 6.
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Fig. 6 Optimum kVp and
mAs with a 1.8 m F.F.D.
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Table 2 Deviations of kVp and mA when
the primay voltage or filament voltage
deviates from the optimum values

Fig. 7 | (a), (b) (a) (b)

e : 5% | +2%

deviation optimum inP.V. in F.V.

| 3¢ 55 51, 59 53, 57

kVp | 14 60 6 70 | 45 68
mA ‘ 3 ¢ 500 500 | 550, 650
1g 400 400 360, 440
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Fig. 7 Radiographic effects deviated from
the optimum radiographs, when the object
thickness is 10/3-10cm acrylite:

(a) In the case that primary voltage de-
viats =5 ¢ from the optimum value

(b) In the case that filament voltage of
X.ray tube deviates =+2% from the
optimum value
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Fig. 9 P.V.-kVp relations of a single phase
apparatus and radiographic effects of 10cm
acrylite phantom : Density level increass
with mA under equal kVp-mAs with the
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Fig. 10 Waveforms of tube-voltage (full line)
and tube-current (dotted lines) of a single
phase apparatus: Since mAp increase with
mA using 40 kVp, transmitted dose through
object increase with mA. But mAp does
not so much increase with 60 kVp, and the
dose does not increass.
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Fig. 11 Transmitted dose through object:
The dose is nearly proportional to mAp.
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Fig. 12 P.V..kVp relations of a three phase
apparatus and radiographic effects of 10-cm
acrylite phantome
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Fig. 13 Waveforms of abnormal voltages oc-
curing at closing times of an X-ray switch:
The waveform is generated in every half
cycle of line, by connecting arc-rectifiers
instead of an X.ray switch.
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Fig. 14 Air-dose with the radiation of abnor-
mal voltages at 1-m F.F.D. (full lines),
compared with that with the single-phase
waveforms of the same kVp (bloken line)
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Fig. 15 Absorption curves with the radiation
of abnormal voltages (full lines), compared
with those of the single-phase waveforms
of the same kVp (bloken lines).
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