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SCATTLPED RADIATION FROM BEDSIDE
RADI0GRAPH1C EXAMINATIONS

I. INTRODUCTION

After their discovery in 1895, x rays were rapidly ap-

plied in the medical profession. The penetrating quality

of the radiation made the diagnosis of wounds and lesions

accurate and safe. However, in the course of such use, it

became apparent that the radiation could cause severe bio-

lop,ical damage from unnecessary or uncontrolled exposures.

Burns and cancerous lesions were attributed to radiation

exposures in both physics and medicine (16).

As knowledge in the field of radiology grew, groups

of scientists and physicians formed to study the effects of

radiation exposure and to make recommendations for the

safe use of x rays.

The basic criteria for the safe use of x-rays as a

medical tool are (1) to limit the useful beam to the area

of examination by the use of collimators, (2) to eliminate

non-penetrating radiations from the useful beam by use of

filtration, and (3) to provide adequate protective shielding

for the patient and the operator (42).

As early as 1927, stray radiation had been recognized

as a potential health hazard to the radiologist. Landauer

(30), in a published discussion, promoted the practice of

carrying dental films on the person, to record the level of
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exposure received from stray radiation. However, at the

time, exposure was expressed in terms of the erythema dose,

the amount of x-radiation required to cause a reddening of

the skin, and no reliable physical standard had yet been de-

veloped. In 1928, the roentgen, the physical unit of x-ray

exposure, was formally established by the International

Commission on Radiological Units and Measurements (ICRU).

The requirements for the operation of a mobile x-ray

unit do not specify the use of shielding for personnel other

than the operator; they merely state that the operator should

stand at a minimum distance of six feet, and that he should

use a protective shield or a protective apron (44).

The purpose of this study was to determine the magnitude

of the scatter exposure from a typical bedside examination,

as an aid in evaluating exposure risks and current radiation

protection standards.
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II. SCATTERED RADIATION

Modes of Interaction

Scattered radiation occurs whenever ionizing radiation

interacts with matter. Scatter is defined as the radiation

resulting from some form of interaction of the incident

photons with matter. The major forms of interactions are

the Compton effect, the photoelectric effect, coherent scat-

tering, and pair production.

Pair production can occur whenever, a photon of energy

exceeding 1.022 MeV (million electron volts) passes near a

nucleus. The photon is transformed into an electron-posi-

tron pair, which will eventually annihilate, emitting two

photons of exactly 0.511 MeV each. This mode of interaction

Is not relevant to diagnostic procedures because the energy

at which this process can occur is well above energies used

in diagnostic procedures.

Coherent scattering occurs only at low energies, as a

result of resonant absorption and radiation, with no net

energy loss. This process is useful in crystal diffraction

studies, but has no relevance in diagnostic radiology, since

less than 5% of total scatter is due to coherent processes

(25).

The photoelectric effect also involves the absorption

of a photon, but in this case an electron from the atom is
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ejected. Secondary radiation is emitted as electrons cas-

cade into the gap left by the ejected electron, and is

termed fluorescent radiation. This mode of interaction is

important in determining scatter exposure from high-Z

materials. (Lindell (32) states that fluorescence is pre-

dominant in materials of higher atomic number than iron

whereas Compton scatter is most important in the

low-Z materials. Therefore, he concludes that iron would

be the material of choice in shielding.)

Compton scattering results in the emission of an elec-

tron plus a photon of energy less than the energy of the

incident photon. The secondary photon is emitted at an angle

proportional to the fraction of energy transferred to the

ejected electron. The energy of the scattered photon can

be calculated using the relation

E (MeV)E' (MeV) -
1 a(1 - cos 0 )

where E is the energy of the incident photon in MeV, E'

is the energy of the scattered photon in MeV, 0 is the

angle of scattering, and a = E (MeV)
0.511 (MeV)

Maximum energy transfer occurs at a photon scattering

angle of 180° (backscatter). At high values of photon

energy E , the probability of a Compton interaction ap-

proaches zero. The probability of Compton scattering is

relatively independent of the atomic number of the material

(25).
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Spectral Distribution of Scattered Radiation

The energy distribution of scattered radiation is sim-

ilar to the distribution of the primary beam. Cormack and

Burke (1.0) evaluated the distribution of scatter and the

spectrum of the incident beam and found that the maximum

scatter rate occurred at right angles to the primary beam,

and that, in general, the average scattered energy was lower

than the average primary beam energy. Hettinger (22) stud-

ied backscatter from various materials and found that in

all cases the mean energy of the scatter was lower than the

primary energy. Wilsey et al. (53) had previously found that

lateral (i. e. 90 ) scatter differed little in spectral

characteristics from the incident beam, but that scatter in

the forward direction had a higher effective energy.
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III. MATERIALS AND METHODS

Experimental Apparatus

A General Electric Mobile 100-15 x-ray unit was used

for this study. The unit has a maximum rated voltage of

100 kilovolts peak (kVp) with tube current selections of

10 and 15 milliamperes. A Videx Corporation Mascot colli-

mator and localizing cone assembly was provided.

Measurements were taken using a Victoreen Model 555

Radocon with interchangeable probes. A 555-10LA low

energy probe was used to determine the beam quality at the

specified voltages. This probe has an energy response near

1.00 in the range of 6 to 35 keV effective (50), and was

used to determine the true effective beam energies at the

voltages used. Leakage and scatter values were obtained

using the 555-0.1DA diagnostic range probe, with an energy

range of 20 to 250 keV effective. The energy response of

this probe was + 10% over the effective energy range of the

useful beam from the x-ray unit. (50)

Figures 1 and 2 illustrate the experimental setup and

geometry.

The phantom used was constructed of quarter-inch thick

sheets of tempered Masonite, cut to represent a typical

torso cross-section of dimensions 20 cm. by 30 cm. The

length of the phantom was 72 cm. The Masonite sheets were
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held together by two A-inch diameter dowel rods down the

long axis of the phantom. Masonite was chosen because of

its similarity to tissue for radiation work, and also for

its ready availability and low cost. Masonite has been

used as a scattering medium in similar studies. Refer to

Figure 3 for a diagram of the phantom cross-section.

A wood-topped therapy table supported the phantom at

the height of the average hospital bed, 0.875 m. (28).

The Mascot collimator contained beam-defining blades

controlled by a single lever. This system was determined

to be unacceptable since commonly used rectangular fields

could not be obtained. In order to cover the entire film

the radiation field was larger than necessary. Lead dia-

phragms were cut to yield the desired field sizes at the

film when they were inserted in the collimator at the posi-

tion of the blades. The desired diaphragm sizes were ob-

tained by using the similar triangles method'

diaphragm width 11.8 cm.
field width 100 cm.

where the distance from the focal spot to the position of

the diaphragm was measured to be 11.8 cm. The calculated

diaphragm sizes were:

field width (inches) diaphragm width (inches}

8 x 10 0.924 x 1.155

10 x 12 1.155 x 1.386

14 x 17 1.617 x 1.964
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with Modified Videx Corporation Mascot
Collimator Assembly.
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A fi ld localization mirror wan removed from the col-

limator assembly to reduce the inherent filtration of the

unit to 2.5 mm. aluminum equivalent at 100 kVp, the minimum

value set by the National Council on Radiation Protection

and Measurements (NCRP) (40) and the Oregon State Board of

Health (44).

Equipment Calibration

Beam quality and useful beam exposure rates were deter-

mined for the voltages used in this study. Inherent filtra-

tion and homogeneity coefficients were calculated. These

results are summarized in Table 1.4.

Time response curves were determined for the rate

scales of the Victoreen 555. Krc, the time response cor-

rection factor, corrects for the time constant of the in-

strument. The correction factors used in this study are

listed in Table 15.

Energy response also affects the measured value of ex-

posure. Ionization chamber response varies with the energy

of the incident radiation. Therefore, it is necessary to

know the energy response correction factors for each indiv-

idually calibrated probe. Figure 21 is the correction

curve plotted from data supplied by the Victoreen Company.

Table 16 lists the energy response correction factors, Kr.

All unsealed ionization chambers of this type must also
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be corrected for variations in the ambient temperature and

pressure. The probes are calibrated by the manufacturer at

22
o Celsius and 760 mm. mercury. Ktp, the temperature-

pressure correction factor, can be calculated from the re-

lation

Ktp (2730 T (°C) (760 mm.
295° / P (mm. Jig)

Experimental Procedure

The parameters of interest used in this study were a

fixed focus-film distance of one meter, a constant exposure

of 50 milliampere-seconds (mAs), and field sizes of 8 x 10

inches, 10 x 12 inches, and 14 x 17 inches at the film.

The x-ray field was centered on the phantom. Voltage was

varied from 40 to 100 kVp in 20 kVp steps. The scatter ex-

posure values were measured at a distance of one meter from

the center of the phantom, in a horizontal plane about the

phantom. The center of this horizontal field was arbitrarily

designated 0° and those angles to the anode side of the

tube were indicated by a negative sign.

Tube housing leakage measurements were made for each

angle with the beam blocked at the beam port by a thickness

of lead exceeding the twentieth-value-layer.1 The apparatus

1 The twentieth-value-layer is the thickness of absorber
(filter) required to reduce the exposure to .05 of the in-
itial value.
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was arranged in the exact geometry to be used in the deter-

mination of scatter. Many measurements were taken to in-

sure statistical validity.

Scatter measurements were determined for each voltage

and field size combination through the horizontal angle.

Again, repetitive measurements were taken for validity.

After the first complete set of data were taken, the entire

setup was dismantled and then reassembled in the same geo-

metry for more data. 'This was done to check the reliability

of the technique used in this study. This method of taking

data resulted in a maximum deviation of 38% (for one data

point), with 93% of the data within 20% of the mean, 62%

within 10%, and 36% within a 5% deviation.
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IV. EXPERIMENTAL RESULTS

The measured values of leakage and scatter exposure

were corrected independently for temperature and pressure,

time response, and energy response, since these values

varied within the same group of data points. The corrected

exposure values were averaged and the net scatter exposure

obtained by subtracting the corrected leakage exposure from

the total exposure. All values are presented in units of

milliroentgens per milliampere-second (mR/mAs).
2

The ratio

of net scatter to incident useful beam was also calculated

for each voltage and field size.

Figures 5 through 1.8 show the distribution of scattered

radiation as a function of kilovoltage and of field size.

The distributions are represented in both mR/mAs and percent

of useful beam, at one meter. Appendix A contains the data

in tabular form.

These graphs were drawn on polar logarithmic paper in

order to best present the wide range of values. The data

would be difficult to present and awkward to interpret in

linear form.

2The roentgen is the unit of exposure for x- and gamma-
radiation, and is defined as1 the amount of radiation re-
quired to produce 2.58 x 10-1 coulombs of charge per kilo-
gram of dry air at standard temperature and pressure. (40)
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450

Figure 5. 900 Scatter Distribution from an 8 x 10-inch
Field as a Function of Kilovoltage. Expressed
in mR /mAe at One Meter.
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30°

o°

-30°

Figure 6. 900 Scatter Distribution from an 8 x 10-inch
Field as a Function of Kilovoltage. Expressed
in Percentage of Useful Beam at One Meter.
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Figure 7. 900 Scatter Distribution from a 10 x 12-inch
Field as a Function of Kilovoltage. Expressed
in mR /mAe at One Meter.
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Figure 8. 90
o Scatter. Distribution from a 10 x 12-inch

Field as a Function of Kilovoltage. Expressed
in Percentage of Useful Beam at One Meter.
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Figure 9. 90 Scatter Distribution from a 14 x 17-inch
Field as a Function of Kilovoltage. Expressed
in mR/mAs at One Meter.
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Field as a Function of Kilovoltage. Expressed
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Figure 11. 900 Scatter Distribution at 40 kVp as a
Function of Field Size. Expressed in
mR/mAs at One Meter.
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300

Figure 12. 90" Scatter Distribution at 40 kVp as a
Function of Field Size. Expressed in Per-
centage of Useful Beam at One Meter.

0
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Figure 13. 90 0 Scatter Distribution at 60 kVp as a
Function of Field Size. Expressed in
mR /mAe at One Meter.
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Figure 14. 90° Scatter Distribution at 60 kVp as a
Function of Field Size. Expressed in Per-
centage of Useful Beam at One Meter.



Figure 15. 900 Scatter Distribution at 80 kVp as a
Function of Field Size. Expressed in
mR /mAs at One Meter.
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Figure 16. 900 Scatter Distribution at 80 kVp as a
Function of Field Size. Expressed in Per-
centage of Useful Beam at One Meter.



Figure 17. 90
o
Scatter Distribution at 100 kVp as a

Function of Field Size. Expressed in
mR/mAs at One Meter.

28

30°

-30°



1+5
0

29

300

-30°

Figure 18. 900 Scatter. Distribution at 100 kVp as a
Function of Field Size. Expressed in Per-
centage of Useful Beam at One Meter.
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V. DISCUSSION

It wan found that the scattered radiation varies pro-

portionnlly and indopendontly with increasing voltage and

with the Nell size nt the film. This in in nr;reement with

findinrs by Keane and Spiegler (27), Lorentzon (33), and

BomFord and Burlin (4) . They found that sentter increased

as beam energy increased, and also as the field size was

enlarged. At large values, however, the magnitude of the

scatter tends to stabilize due to the cancelling effect

of the greater thickness of medium from the center of the

field (27,35,37,46).

Mnhmoud and Vikterlof (34) found that for higher values

of beam energy (200 kV therapy x rays) , scatter isodose

linen were virtually independent of field size. This was

not demonstrnied in this study, ponsibly due to the much

lower range of beam energies used in diagnostic radiology.

The magnitude of the scattered radiation ranges from

a minimum of 2.41 x 10
-4 mR/mAs to a maximum of 2.89 x 10

-2

mR/mAs through the parameters studied. The percentage of

the useful beam ranged from 1.76 x 1.0-2 to 3.76 x I0-1,

which in in good agreement with values presented by Bom-

ford and Burlin (4).

A significant variation of scatter occurs across the

horizontal field for any given technic. There is a drop
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of 20% to 30% from the center field value to the 45° value.

This may he due to the field distribution and heel effect

characteristic of the Mobile 100-15, since the maximum scat-

ter occurs approximately 100 to 200 to the cathode side of

the field, which would he Oxpectod if the field dintribution

were contributing an effect. Martin and Evans (35), and

later Trout and Kelley (t.9) found that scatter exposure rate

dropped sharply away from the edge of the beam. This may

also be due to the increased thickness of absorber at the

45° nngle.

Leakage radiation represented less than 7% of the total

radiation reaching the probe. In most cases is was very

much less than this value. Table 1 gives the ratio of leak-

age to the total scattPr exposure for each voltage and field

size. The maximum allowable tube housing leakage from a

diagnostic x-ray unit is 1.00 mR/h at one meter when the unit

is being operated at its maximum continuous tube current at

the maximum rated voltage (40). If the housing were to leak

this amount in the geometry used for this study, 50 mR/h

would reach the probe. if a linear relationship between

tube current and exposure rate can be assumed, the net scat-

ter at 100 kVp and 0.9 milliamperes (the maximum continuous

tube current at 100 kVp for the Mobile 100-15) would be 93.6

mR/h. Therefore, the contribution from leakage to the total

scatter at one meter would be 35% at 100 kVp.
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In moist canes, scattered radiation will present, a. great-

er potential hazard to adjacent personnel and the operator

than tube housinv leakage, as found in this rtudy, and also

by Martin and Evans (35). This appears to hold true for all

cases except f'or very small Field sizes (39,3).

In considering the source of ncattered radiation, one

must also consider the floor, wails, and nearby equipment.

In situations where the attenuation of the primary beam is

small, significant backscatter can be produced from the

floor or wall in the direction of the beam. However, the

primary attenuator, the patient, is generally considered to

produce the majority of the scatter.

In dealing with any exposure situation, one must weigh

benefit versus risk involved. The radiologic technologist

must keep exposures to a minimum while still maintaining the

necessary radiographic quality. Risk to the operator can

be reduced by the use of protective clothing or shields,

and to the patient by providing shielding for unexposed areas.

Another area of concern in the study of scatter, esp-

ecially with mobile unitn, is the exposure delivered to per-

sons not occupationally involved with radiation, such as

other patients. The patient who cannot be moved to the x-

ray department is given the examination in bed.

As was stated earlier, protection recommendations given

by the advisory boards are a minimum of six feet of distance
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between personnel and the useful beam, and the use of pro-

tective shields or clothing by the operator. (40) It is of

interest to determine the exposure theoretically delivered

to a patient in an adjacent bed, and also to the operator,

as a result of a mobile examination.

Exposure due to scatter for the technologist is depen-

dent upon the workload of the unit used. Exposures can be

determined if the duration of the examination is known and

the data for a typical scatter situation is available. For

a nearby person, a one-time exposure from an examination

would depend upon the technic. The typical hip examination

of 80 kVp, one meter focus-film distance, requiring a 14 x

17-inch film, with an exposure of 50 mAs, would deliver an

exposure of 0.21 mR to a person six feet away.

While the scatter values determined in this study are

within limits set by current standards, it is still not

known what effects even small exposures to radiation may

have. Certainly it is advisable to review our laws and our

standards with this in mind.

13Workload is defined as the product of the tube current
in milliamperes and the total time of use of the unit in
seconds or minutes per week. (40)
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Table 1. Ratio of Tube Housing Leakage to Total Scatter
Expressed in Percentage.

kVp

Ratio of Leakage to Scatter

(Percent)

8 x 1.0 10 x 12 14 x 17

tpo 3.97 1.66 .529

6o .853 439 .167

8o 1.77 x.987 .372

loo 7.o 3.94 1.63
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VI. SUMMARY

Scattering is a process which is present whenever rad-

iation in used. By the use of proper shielding and protect-

ive coverings secondary exposures can be kept to a minimum.

Scatter varies proportionally with increasing voltage

and increasing field size, and is the predominant factor in

secondary radiation in diagnostic radiology. Tube housing

leakage is small in proportion except when very small field

sizes are used.

The results of this study indicate that exposures to

personnel are within presently acceptable limits. Radiation

exposures should be kept to a minimum using the present

standards for equipment use, since it is still not known

what effect even small exposures to radiation may have on

the human system. Therefore, it would be prudent to examine

our radiation protection standards and recommendations with

the thought to create a safer radiation situation.
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APPENDIX A

Scatter Data
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Table 2. 90° Scatter Distribution at One Meter from an
8 x 10-inch Field at 40 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

0° 3.155 x 10- 2.3 x 10-2

100 3.18 2.32

20° 3.22 2.36

30° 3.25 2.38

4o° 3.08 2.25

45° 2.74 2.0

-10° 2.96 2.16

-20° 2.86 2.15

-30° 2.64 1.93

-40° 2.50 1.82

-45° 2.41 1.76
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Table 3. 90° Scatter Distribution at One Meter from an
8 x 10-inch Field at, 60 kVp.

Horizontal
Angle

Scatter

mR/mAs

0° 1.48 x 10-3

10° 1.54

20° 1.475

30° 1.485

40° 1.35

450 1.285

-10° 1.38

-20° 1.395

-30
o

1.33

-40° 1.325

-45° 1.235

Percent Useful Beam

4.47 x 10-2

4.67

4.46

4.48

4.09

3.80

4.18

4.23

4.03

4.01

3.74
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Table 4. 900 Scatter Distribution at One Meter from an
8 x 10-inch Field at 80 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

00 3.46 x 10-3 6.29 x 1 o-2

le 3.55 6.47

200 3.72 6.78

30° 3.74 6.8o

4o0 3.31 6.03

450 3.10 5.65

-100 3.44 6.26

-20° 3.37 6.12

-300 3.24 5.89

-40° 3.07 5.58

-450 2.89 5.25
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Table 5. 90° Scatter Distribution at One Meter from an
8 x 10-inch Field at 100 kVp.

Scatter

Horizontal
Angle mR /mAe Percent Useful Beam

0 6.09 x 10-3 7.92 x 10-2

100 6.42 8.35

20° 6.55 8.55

300 6.65 8.65

40 6.42 8.35

450 5.87 7.62

-100 6.03 7.84

- 20° 5.98 7.79

-30 6.02 7.82

-40 5.91 7.7o

-450 5.43 7.07
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Table 6. 900 Scatter Distribution at One Meter from a
10 x 12 -inch. Field at 40 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

o
0 6.95 x 10

-4
5.06 x 10-2

10° 7.10 5.19

200 6.91 5.05

30° 6.03 4.39

40° 5.38 3.93

45° 4.82 3.52

-10° 6.59 4.8o

-20° 6.12 4.46

- 300 5.59 4.07

-40° 5.25 3.83

-45° 4.75 3.47
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Table 7. 900 Scatter. Distribution at One Meter from a
10 x 12-inch Field at 60 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

00 2.88

10° 2.96

20° 2.82

30`) 2.63

40° 2.29

45° 2.055

-10° 2.69

-200 2.48

-30° 2.24

-40° 2.06

-45° 2.00

x 10-3 8.70 x 10-2

8.96

8.55

7.95

6.90

6.22

8.05

7.50

6.79

6.24

6.o6



48

Table 8. 90° Scatter Distribution at One Meter from a

10 x 12-inch Field at 80 kVp,

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

00 6.27 x 10-3 11.4 x 10-2

lo° 6.6o 12.0

20° 6.52 11.85

30° 5.87 10.68

40° 5.23 9.50

45° 4.78 8.70

-100 5.97 10.85

-20° 5.69 10.12

-30° 5.17 9.40

-40° 4.89 8.90

-".5° 4.57 8.32
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Table 9. 90° Scatter Distribution at One Meter from a
10 x 12-inch Field at 100 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

0° 11.15 x 10-3 14.5 x 10-2

10° 11.92 15.0

11.9520° 15.55

30' 11.0 14.3

40° 10.05 13.08

45° 8.53 11.10

-10° 10.77 14.0

- 20° 9.78 12.72

-30° 9.27 12.07

-40° 8.72 11.35

-450 8.33 10.83



50

Table 10. 900 Scatter Distribution nt One Meter from a

14 x 17-inch Field at 40 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

0
o 2.215 x 10-3 16.15 x 10 -2

10° 2.30 16.75

20° 2.19 15.95

30° 2.02 14.75

40° 1.865 13.6

450 1.717 12.5

-le 2.145 15.7

-20° 2.078 15.15

-30° 1.922 14.0

-40° 1.745 12.75

-45° 1.645 12.0



Table 11. 900 Scatter Distribution at One Meter from a
14 x 17-inch Field at 6o kVp.

Horizontal
Angle

51.

Scatter

mR/mAs Percent Useful Beam

00

100

20°

30

40°

14.50

7.6 x lo-3

7.7

7.54

6.93

6.2o

5.5o

-10° 7.43

-20° 7.21

-30° 6.80

-40° 6.15

-45° 5.72

23.0 x 10-2

23.3

22.8

21.0

18.8

16.65

22.45

21.8

20.58

18.6

17.25
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Table 12. 90° Scatter Distribution at One Meter from a
14 x 17-inch Field at 80 kVp.

Scatter

Horizontal
Angle mR/mAs Percent Useful Beam

16.70 x 10-3 30.4 x 10
-2

lo° 17.0 31.0

20° 16.68 30.38

30° 15.38 28.0

40° 14.35 26.2

450 12.88 23.4

-10° 16.42 29.9

-20° 15.45 28.1

-30° 14.85 27.0

-40° 13.55 24.6

-45° 12.85 23.3
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'.table 13. 90° Scatter Distribution at One Meter from a
14 x 17-inch Field at 100 lcVp.

Horizontal
Angle

Scatter

mR/mAs

00 27.65 x 10-3

100 28.90

20° 27.95

30° 25.65

40° 23.95

450
22.20

-100 27.10

-20° 26.20

-30° 24.70

-400 22.85

-45° 21.65

Percent Useful Beam

36.0 x 10-2

37.6

36.4

33.4

30.8

28.9

35.2

34.0

32.2

29.7

28.2
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APPENDIX B

Miscellaneous
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Table 1i-. Beam Quality Factors. General Electric
Mobile 100-15. Collimator Removod.

Kilovolts Peak

40 6o 80 100

Useful Beam Exposure Rate
R/min .822 1.98 3.297 4.605

First H. V. L.
mm. Al 1.15 1.60 2.20 2.85

Second H. V. L.
mm. Al 1.75 2.40 3.30 4.05

Inherent Filtration
mm. Al 2.00 2.00 2.22 2.50

Effective Energy
keV

Homogeneity Coefficient

22.5 25 28 31

.657 .667 .667 .695
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Figure 19. Attenuation Curves in Aluminum for the General
Electric Mobile 100-15 X-ray Unit.
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Table 15. Time Response Correction Factors for the
Victoreen 555 Radocon with 0.1DA Probe.

Rate Scale

3 mR/min

10 mR/min

30 mR/min

100 mR/min

300 mR/min

1 R/min

3 R/min

10 R/min

Correction Factor Krc

1.152

1.137

1.09

1.02

1.00

1.00

1.00

1.00
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Figure 20. Time Response of the Victoreen 555 Radocon
with 0.1DA Probe.

12



59

Table 16. Energy Response Correction Factors for the
Victoreen 555 Radocon with 0.11)A Probe.

Kilovolts Peak Correction Factor Kr

40 1.067

6o 1.062

80 1.06

100 1.058



Kilovoltage Constant Potential

43 JO 100 f50 2100

0.8 _

40 70 100

Effective Kilovoltae

Figure 21. Energy Response of the Victoreen 555 Radocon and 0.1DA
Probe. Correction Factors.
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Table 17. Horizontal Distribution of X-ray Tube Housing
Leakage. General Electric Mobile 100-15.
Beam Blocked at Beam Port.

Leakage Radiation (mR/mAs)

Horizontal
Angle 40 kVp 60 kVp 80 kVp 100 kVp

x 10 -6 x 10
-6

x 10 5 x 10

0° 11.75 10.86 6.24 4.57

10° 10.5 12.7 4.81 4.35

20° 9.28 10.05 4.38 3.64

30° <8.34 <9.72 3.74 2.03

40° <8.34 <9.72 2.68 1.632

45° <8.34 <9.72 2.14 1.497

o
-10 9.28 10.13 4.99 4.35

-20 0 <8.34 10.86 4.46 4.08

-30° <8.34 <9.72 3.80 3.71

-40° <8.34 <9.72 2.67 2.82

-45° <8.34 <9.72 2.14 2.56
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Table 18. Equipment Model and Serial Numbers.

X-ray Unit:

General Electric Mobile 100-15

Model no. 110E8A-3

Serial no. 723793

Heads General Electric

Model no, 11AA5A2

Serial no. 724185

Mascot Collimator: Videx Corporation

Model no. FF50

Instruments:

Victoreen Radocon

Model no. 555

Serial no. 123

555-10LA Probe

Serial no. 1.02

555-0.1DA Probe

Serial no. 105


