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FOREWORD

The Bureau of Radiclogical Health conducts a national program to limit man's
exposure to ionizing and nonionizing radiations, To this end, the Bureau (1) develops
criteria and recommends standards for safe limits of radiation exposure, (2) develops
methods and techniques for controlling radiation exposure, (3) plans and conducts
research to determine health effects of radiation exposure, (4) provides technical
assistance to agencies responsible for radiological health control programs, and (5)
conducts an electronic product radiation control program to protect the public health
and safety. '

The Bureau publishes its findings in appropriate: scientific journals and technical
report and note series prepared by Bureau divisions and offices. Under a memorandum
of agreement between the World Health Organization and the Department of Health,
Education, and Welfare, three WHO Collaborating Centers have been established within
the Bureau of Radiological Health, FDA:

WHO Collaborating Center for Standardization of Protection Against Nonionizing
Radiations (Office of the Bureau Director)

WHO Collaborating Center for Training and General Tasks in Radiation Medicine
(Division of Training and Medical Applications)

WHO Collaborating Center for Nuclear Medicine (Office of the Bureau Director)

As a WHO Collaborating Center, the Bureau makes available its technical reports and
notes to participating WHO members.

Bureau publications provide an effective mechanism for disseminating results of
intramural and contractor projects. The publications are distributed to State and local
radiological health personnel, Bureau technical staff, Bureau advisory committee
members, information services, industry, hospitals, laboratories, schools, the press,
and other concerned individuals. These publications are for sale by the Government
Printing Office and/or the National Technical information Service.

Readers are encouraged to report errors or omissions to the Bureau. Your comments
or requests for further information are also solicited.

John C. vmforthg

Director
Bureau of Radiological Health
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PREFACE

The Division of Electronic Products (DEP) of the Bureau of Radiological Health, Food
and Drug Administration, conducts a program of scientific and technical evaluation of
radiation emitting electronic products as part of the FDA's effort to implement the Radiation
Control for Health and Safety Act of 1968, PL 90-602.

Within DEP, the Image Analysis Section of the Medical Physics Branch has been
developing analytical methodology for evaluating the performance of medical diaghostic x-
ray systems. One facet of this effort has been the application of state-of-the-art energy
dispersive x-ray spectrometry to the medical x-ray field. The work included in this report is
applicable to mammography and to general diagnostic radiography performed at low energies.
Comments are solicited from those who find this work useful.

! Sodioidn

Roger H. Schneider
Director
Division of Electronic Products
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ABSTRACT

This handbook is a compendium of experimentally acquired and corrected x-ray spectra
obtained from three conventional mammographic x-ray tubes (tungsten, molybdenum-
tungsten, and molybdenum targets) and from a special purpose tube often used for
mammography (RSI tungsten anode).

The experimental data are divided into five parts. The first section presents graphical
displays of exposure rate data (mR/mAs at'| meter) that correspond to experimental spectra.
The second section describes and compares parameters of 30 kVp x-ray beams produced by
the anode material types used in mammographic tubes. The third section describes the data
format used for displaying the graphical overlays and for the numerical tabulation of x-ray
spectra. In the fourth section specifically selected spectral overlays are used to (1) compare
the energy content of x-ray beams produced by different anode materials and x-ray systems,
(2) illustrate x-ray beam shaping by using K-edge filters, and (3) demonstrate x-ray beam
hardening with phantom materials. The last section contains numerical tabulations of x-ray
spectra produced by the mammographic tubes. While these spectra may not be inclusive, they
should be representative of a range of mammographic techniques for each tube and system
tested. The additional information contained with each tabulation should make it possible for
the experimenter to simulate each spectrum by measuring the kVp, filtration, and HVL of
the x-ray beam.
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HANDBOOK OF MAMMOGRAPHIC X-RAY SPECTRA
i. INTRODUCTION

Mammography has become a widely used procedure for the diagnosis of breast cancer.
Its widespread acceptance and increased use have enhanced the development of a wide variety
of x-ray systems that have been designed specifically for mammography. Much effort has
been made to develop mammographic x-ray systems that reduce radiation dose to the patient
while producing an image that is of a quality suitable for detection of breast cancer. The new
mammographic x-ray systems may feature innovative development of components such as the
power supplies, imaging equipment, x-ray tubes, and x-ray beam filters.

Since an accurate knowledge of the x-ray spectrum is necessary for predicting image
quality and radiation dose of any system, these developments also have stimulated a real
interest in mammographic x-ray spectra. The spectra produced by these special mammo-
graphic systems are not well documented; additionally, the spectra produced by conventional
diagnostic equipment that is operated in the low kVp techniques applicable for mammography
are limited in availability.

The main purpose of this handbook is to present typical x-ray spectra used in mammo-~
graphy. The experimental data in Section & is divided into five parts. In Section 4.1, we
present graphical displays of exposure rate data (mR/mAs at 1 meter) that correspond to the
spectral tabulations of Section 4.5. Section4.2 describes and compares the parameters of the
30 kVp x-ray beams that are produced by the three anode materials used in mammographic
tubes, Section 4,3 gives a description of the data format used for displaying the graphical
overlays and the numerical tabulation of the x~ray spectra. Section#.4 uses specially selected
spectral overlays to (1) compare the energy content of x-ray beams produced by different
anode materials and x-ray systems, (2) illustrate x-ray beam shaping by using k-edge filters,
and (3) demonstrate x-ray beam hardening with phantom materials. Section 4.5 contains
numerical tabulations of mammographic x-ray spectra. While these spectra may not be
inclusive, they should be representative of a range of mammographic techniques for each tube
and system tested. The additional information contained with each tabulation should make it
possible for the experimenter to duplicate each spectrum by measuring the kVp, filtration, .
and HVL of the x-ray beam.

The descriptive information preceding the experimental data should be useful to the x-
ray spectroscopist and should also help the user in deciding which spectra are applicable to
his needs. Section Z describes the equipment used in obtaining the data. The methods and
procedures detailed in Section 3 also include a brief description of the data handling
techniques used to obtain the corrected x-ray spectra.

Most of the x-ray spectra presented in this report were generated by using a high-voltage
waveform that approximates constant potential conditions (< 6 percent rippte). The data
include spectra from three conventional x-ray tubes and a nonconventional RSI x-ray
generator (RSI systems are now sold and serviced by Pfizer). We plan to publish similar x-
ray spectra that will be applicable for mammographic systems using the conventional single-
phase high-voitage generator and plan to supplement these data with specira from new
mammographic systems as they become available. In addition, further spectral data that
would benefit the medical physics community could be generated; if any health professional
has unique spectral requirements, these may be submitted for consideration.

2. EQUIPMENT
The three conventional x-ray tubes that contained the different anode materials were

engrgized and controlled by the same generator-control system{General Electric MSI-12501I),
This system operates as a three-phase, 12-pulse unit in the radiographic mode and as a’

1



-single-phase, full-wave rectified system in the fluorographic mode. The latter mode has been
modified to make the kVp and mA continuously variable. The x-ray spectra were acquired
with the system operating in the fluorographic mode at tube currents less than 2.0 mA. The
mR/mAs data were taken at high tube currents with the system operating in the radiographic
mode (three-phase, 12-pulse). The high voltage (HV) and the HV waveforms were measured
and monitored for both modes of operation with a Phillips Model II kVp meter and an
oscilloscope. The HV waveforms indicated that both modes of operation are similar and should
produce x-ray spectra approximating constant potential conditions. The ripple on the HV
waveform varied from approximaztely 4 to 6 percent for the spectral data shown here,

The three conventional x-ray tubes cperated by this system were:

(1) Dynamax 69M - a glass window, tungsten (W) anode tube manufactured by Machlett
for mammography. The inherent filtration was specified to be equivalent to 0.64 mm
Al at 70 kVcp.

(2) Dynamax Mé4 - a glass window, molybdenum (Mo) anode tube manufactured by
Machlett for mammography and now called the Dynamax 64. The inhetrent filtration was
specified to be equivalent to 0.7 mm Al at 35 kVcp.

(3) MMX-2-tube - a beryllium (Be) window x-ray tube (1.0 mm Be inherent filtration)
manufactured by General Electric for mammography with a Mo-W alloy anode. (Alloy
composition is 70 percent Mo and 30 percent W.)

The RSI system has a conventional tungsten anode x-ray tube, but it also features a 45
target angle and focusing grids that produce a very small focal spot. The tube insert has a
beryllium window but the x rays exit through an aluminum cover that is 0.5 mm thick.
Because of the 43 target angle, self filtration by the anode should be less than for a
conventional tube with a small target angle. The system operates as a low'mA, constant

gotent.ial generator. Therefore, it produces x-ray spectra that are similar to those produced
y the conventional generator operated in the fluoroscopic mode.

Exposure measurements were made with a Victoreen model 555 integrating rate meter
utilizing a 1 DAS probe. Experimental half-value layers (HVL) were obtained using the above
equipment and 1100 alloy aluminum filters. The data for the product of tube current and
exposure time (mAs) were measured with a noninvasive meter. A description of this
instrument and its development are given in a Bureau of Radiological Health publication (1).

The complete spectrometer system is illustrated (Fig. 1) and has been described
previously (2). The system features a high-purity (intrinsic) germanium detector that can be
stored at room temperature, but does require liquid nitrogen cooling for data collection.

GE: 4t G.E. INTRINSIG
PRE- 1 GERMANILUM
AMP DETECTOR

TENRELEC (Tcsos)
POWER SUPPLY
(NEG) BIAS 400V

H P
2895-B
TAPE PUNCH

H. B H. R
5401-8 S862-A
MULT!- CHANNEL PLOTTER

7l ANALYZER

M2 $ H.R
2748-B H. B 9866 -A

TAPE READER 9820 -A LINE
PROGRAMM ABLE PRINTER

CALCULATOR

G.E. = GENERAL ELECTRIC
H.E = HEWLETT PACKARD

‘Figure 1. Block diagram of spectrometer system.
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3. METHODS AND PROCEDURES
3.1 CALIBRATION PROCEDURE AND SETUP

A list of radiation sources and procedures has been presented for use in resolution
measurements, linearity evaluations, and energy calibrations of the spectrometer system (2).
Figure 2 illustrates the experimental configuration used to obtain spectral data. The fixture
used to position phantorn material for making radiographs and attenuating the x-ray beam is
not illustrated, but was located approximately 70 cm from the x-ray tube focal spot or just
in front of the ionization chamber. The detector aperture diameter was varied from 0.2 to
0.9 mm. Beam limiting collimators and beam shaping filters were inserted at the x-ray tube
port. This experimental configuration (Fig. 2} also simulates the narrow beam geometry
conditions that are recommended for HVL measurements. (Note location of collimator and
filters used for measuring HVL.)

X-RAY VARIABLE SIZE
. TUBE BEAM LIMITERS APERTURES
15" DIA. VARIABLE SIZE
RVLA LeaDp coL 1-DAS 10N Au~Pt
CHAMBER /8 ul

FILTERS
7N

Z
BEAM
SHAPING

I | DETECTOR

40 cm

80 ¢m

100 em

Figure 2. Experimental setup for taking data.

3.2 DETECTOR EFFICIENCY CURVE

Figure 3 illustrates the full energy efficiency curve (FEEC) for our detector. Anaccurate
procedure for calculating its shape below 60 keV was previously reported (3). The shape of
the curve above 60 keV was determined by using calculated detector response data that were
obtained under Interagency Agreement from Dr. M.J, Berger and Mr, S,M. Seltzer of the
National Bureau of Standards, Washington, D.C. They used Monte Carlo calculations to
develop response functions for our detector to monenergetic photons, These data and our
analytical formulation (3) that were developed independently gave essentially the same results
for photon energies below 60 keV.

The FEEC gives the probability that an incident photon will be completely absorbed in
the detector, but gives no information about the probability of a photon being partially
absorbed and its presence being recorded at the wrong energy. It can be used to correct
photopeak data from a monoenergetic photon source but should not be used to correct data
from a source emitting a continucus distribution of photons. In the energy region below 60
keV, practically all photons undergo photoelectric interactions with the detector, The K-
escape phenomenon (2-4) is the main process by which counts can be recorded incorrectly.
Procedures for K-escape correction have been published (3,4). It should be pointed out that
application of a simple efficiency correction based on the FEEC can easily produce an altered
spectrum that is even more distorted than the original data.
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Figure 3. Full energy efficiency curve ror

our germanium detector.

3.3 DATA HANDLING AND CORRECTION TECHNIQUES

The spectrometer was calibrated to give an energy conversion of 0.15 keV per channel,
channel zero corresponding to zero energy (2). The initial data were acquired under these
conditions and then summed and averaged over 1.0 keV intervals (Fig. #). This averaging
technique was used solely for comparing the spectral shapes displayed in Figures 4 and 5, All

other data in this report were obtained by summing over each keV interval and then applying
This averaging technique lowers the effective

the correction techniques described below.
The location of the

heights of the energy intervals containing the K, and Kg x rays (Fig. 4).
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Figure 4. Comparison of data before and
after averaging over 1 keV intervals.
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tra has been normalized to unity by
displaying all data points in the two
spectra as ratios to this peak value.



keV interval must be chosen to make the Ky and Kg x-ray peaks appear approximately in the
center of the interval. This procedure is necessary to assure that each K x ray appears in the
correct energy interval. It also will minimize the error in our correction technique which
assumes that the Ky and Kg x rays have energies of 10 and 11 keV, respectively. The data
points below 10 keV in Figure & are due 1o the K-escape process rather than x rays from the’

tube.
B\; ~===- CORRECTED SPECTRUM
— UNCORRECTED SPECTRUM
Acm o= lo- Fly *+ Freppyy Vg ex)

Bom o= 8400 480

1-F,

1
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Figure 5. Correction of x-ray spectrum
for K-escape distortion. The peak data
point of the corrected spectrum has
been normalized to unity by plotting
all data points in the two spectra as
ratios to this peak value.

Since analytical techniques for data correction have been published elsewhere, the
correction procedure will be described only briefly. As mentioned above, we assume that the
K-escape fraction, F, (3} is equal to the total probability that an incident photon will be
recorded in the wrong energy interval. Thus, the measured intensity, I, at any energy, &,
can be related to the true incident intensity. I, at that energy by:

I¢ = Io,e -Felo,e + Fereg + lo,erexs (1)
where ek is the energy of the germanium K x ray. The second term corrects for the intensity
lost by K-escape to a lower energy, while the third term corrects for the intensity gained by
escape from a higher energy. Solving for Iy yields:

Ioe ={Ie - Feseg 10e+e;<"/ (1-Fe) (2)

Since the correction procedure requires a knowledge of I ¢ +eg, it must proceed from the

maximum to the minimum energy of the spectrum. Using this ptocedure, the terms con-
taining e+eg are zero initially and will have been corrected when they are used in the
calculation. In order to obtain the resolution shown here, a more complicated procedure was
used; the quantity e+ex was separated into two components that result from the probability



of K, and Kg escaping separately. The correction procedure is illustrated in Figure 5 and,
as can be observed, the K-escape counts below 10 keV have essentially been removed.
Spectra having abrupt changes in the region where the K-escape process is highly probable are
the most difficult spectra to correct.

4. EXPERIMENTAL DATA
4,1 EXPOSURE RATE DATA

This section presents the exposure rates (mR/mAs) produced at | meter by the four x-
ray tubes used in this study. Accurate mAs measurements could not be made with our
experimental setup when the generator was operated at the low current levels used to acquire
x-ray spectra. At the low tube currents used, the leakage current was a significant portion
of the current flowing through the tube and producing x rays. The mAs measuring technique
(1) used here should obviate most of the leakage current problem; unfortunately, the
instrumentation is not accurate at currents below 1 mA. Therefore, the generator was
operated in the radiographic mode rather than the fluoroscopic mode to obtain this data.
Section 2 explains why the two modes should give similar results.

Leakage currents are also a problem with the RSI system. In fact, a plot of mR/mAs
as a function of mA at 50 kVp shows the mR/mAs will increase by a factor of 3 when the mA
is varied from 0.4 to 4.0 mA. The mAs data were acquired with the system operating at the
highest mA setting (4 mA). The kVp and mA were measured at the console by using con-
ventional meters across the menitoring points. The accuracy of the time setting was
monitored with an oscillator that was controllable by an x-ray beam monitor.

The data are presented graphically by plotting mR/mAs as a function of kVp for various

values of x-ray beam filtration. The experimental data made a very smooth curve; in fact,
the plots presented here were obtained by using a computer program to {it a curve to the data

and plot the data on the graphs. Figures 6-9 present this data for some typical x-ray beams
produced by the four types of x-ray tubes studied. Furthermore, one could interpolate
between the curves furnished here to obtain fairly accurate exposure data for the appropriate
x-ray beams.

PV R D L DAY O B
UL 1005 Me l i P
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Figure 6. Exposure :ates (mR/mAs)
measured at | meter for the Dynamax
69M x-ray tube. The value listed for
each curve is the filtration in mm of
Al inserted in the x-ray beam. In-
herent filtration is approximately
0.64 mm Al equivalent at 70 kVcp.

Figure 7. Exposure rates {mR/mAs)
produced at | meter by the Dynamax
M4 x-ray tube. Beam filtration is
listed in mm for Al and Mo. Inherent
filtration is approximately 0.7 mm
Al equivalent at 35 kVcp,
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Figure 8. FExposure rates (mR/mAs at Figure 9. Exposure rates (mR/mAs)
1 meter) for the MMX-2 x-ray tube. produced at 1 meter by the RSI
Beam filtration is listed in mm system. The values listed for
for Al and Mo. TInherent filtra- each curve are the Al filtration
tion is approximately 1.0 mm Be. (mm) inserted in the x-ray beam,

Inherent filtration is approxi-
mately 0.5 mm Al.

4.2 COMPARISON OF 30 kVp X-RAY BEAMS

Table i illustrates the relative radiation intensities {mR/mAs) for the tubes using the
three anode materials at a target to detector distance of 77 c¢cm. The output from the
composite Mo-W anode is much higher than from the other two anode materials. This high
output is due in part to differences in target angle and filtration. The Mo-W anode has a
target angle of 15°, while the other two anodes have 12° target angles. The Mo and W anode
x-ray tubes have approximately the same inherent filtration (0.7 and 0.64 mm of Al), which is
almost 0.2 mm more than the Mo-W anode tube. Furthermore, an intensity comparison in
terms of mMR/mAs is really not fair to the W anode, because its spectrum has fewer of the low
energy photons which are more efficient at ionizing air. The last column of Table 1 has made
use of our spectral data to convert the ionization data (mR) to photons.cm-2, and these data
should be used for intensity comparisons. The data are not shown here, but we also tried to
adjust filtrations to make the three tubes have equal filtration., Even after allowing for all
these factors, the Mo-W anode cutput appears to be significantly higher than the Mo or W
anode. The last row of Table 1 demonstrates the beam parameter for the RSI tube, Spectral
comparisons of these x-ray beams are shown in Figures 10 and || of Section 4.4,



Table 1. 30 kVp x-ray beam comparisons

Filtration (mm Al) Photons/cm2/mAs
Anode INH - Added - HVLa mR/mAsb (X107)
Mo 0.70 - 0.48 3.92 1.64
MO-W 00510 T ’ Ocu1 9026 3056
W 0.64 —_— 0.58 2.84 1.37
RSI Tube 0.50 0.51 ©0.60 5.83 2.93

aHVL in mm of Al - measured and calculated values gave
excellent agreement.
bMeasured at 77 cm.

€0.51 mm Al added to inherent filtration of approximately
1 mm Be.

4.3 DESCRIPTION OF EXPERIMENTAL DATA FORMAT

The remainder of the spectra shown and all those tabulated have been corrected for K-
escape and, except for the intensity comparisons shown in Figures 15 and 17, the total
number of photons In each spectrum has been normalized to unity area. This type of data
display facilitates comparisons of x-ray spectra and makes it possible to overlay similar
spectra on the same graph. Furthermore, when the area is normalized to unity, the
coordinates of each data point in these spectral displays have useful meanings--the abscissa
gives the energy interval and the ordinate yields the fraction of photons contained in that
energy interval of the x-ray spectrum.

The data format combines the theoretical constraints with the experimental limitations
of our equipment. A 1-keV interval is necessary for separating the Mo K, and Ky x-rays and
then removing the detector distortion caused by the escape of K, and g x rays from the
germanium detector. The energy of the Mo K x rays further constrained the location of the
1-keV interval to be centered between the whole integer numbers. (See Section 3.3 for more
information.)

The descriptive information included with each x-ray spectrum should make the data
more useful to the experimenter, The experimenter can estimate the spectral distribution of
an x-ray beam by measuring parameters such as filtration, HVL, and kVp. We also have
included a normalization factor (3) with each spectrum; it can be used to calculate the
differential photon fluence spectrum (photons/cmZ) that will produce an exposure of 1.0 mR.
This is accomplished by multiplying each fractional value of a tabulated spectrum by the
normalization factor for that spectrum. Conversely, if an x-ray beam quality tabulated here
can be duplicated experimentally, this normalization factor and an exposure measurement
also can be used to obtain the differential photon fluence spectrum of that x-ray beam.

4.4 X-RAY BEAM COMPARISONS USING SPECTRAL DISPLAYS

Figure 10 illustrates a comparison of 30 kVp x-ray spectra from three tubes having
ditferent anode materials. The spectra from Mo and Mo-W anodes have an extremely large
fraction of the photons located between 16 and 20 keV. The filtrations listed for the W and
Mo anodes are the manufacturers' specification for inherent filtration. Since the Mo-W anode
was in a beryllium window x-ray tube, the total filtration was the amount of Al added to the
x-ray beam. The spectral data (Fig. 10) indicate that the Mo and W anode x-ray tubes have



approximately the same low energy cutoff point, which must mean they also have
approximately the same inherent filtration.

Figure 11 illustrates a 30 kVp spectral comparison of the RSI system with the conven-
tional tube described in Section 2. The filtration of the RSI tube was adjusted so that the low
energy sides of the two spectra were nearly identical. This was accomplished by adding 0.5
mm Al to the RSI tube; therefore, the spectra in Figure 11 were taken with total beam
filtrations (mm Al equivalent) of 0.64 for the conventional tube and 1.0 for the RSI tube. This
difference in filtration of approximately 0.4 mm Al is caused by the variation in anode fil-
tration resulting from a target angle of 12° for the conventional tube and 45° for the RSI tube.
The high energy end of the spectra in Figure L1 also serves to illustrate the difference
between a true constant potential generator (RSI system) and one with approximately 6-
percent ripple. The end-point energies of these spectra are nearly the same; however, the
waveform and spectral shapes indicate that the high veltage applied to the conventional tube
was above 28.5 kV for only a small fraction of the time. :
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area). :

The spectra in Figure 12 illustrate the use of a K-edge filter for shaping the mammo-
graphic x-ray spectrum of the Mo-W anode tube, This technique is extremely effective when
the filter and anode materials are the same and the kVp exceeds the K absorption edge of the
target material. Addition of Mo filtration enhances the photon fraction just below the Mo K-
edge; and, in fact, addition of 0.03 mm of Mo increases this percentage of x rays from 66 to
81 percent. Calculations also indicate that this portion of the photons (81 percent) actually

produce 92 percent of the skin exposure,
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The spectra from W anode tubes also can be shaped by K-edge filters, Figures 13 and 14
compare spectra using this technique and the normal technique of filtration with aluminum.
The tin filter has altered the specirum so that approximately 70 percent of the photons are
located in the energy interval between 23 and 30 keV., The lanthanum filter consisted of four
x-ray intensifying screens, equivalent to approximately 0.1 mm of lanthanum. Spectral
shaping with these higher Z materials did not prove useful for mammographic systems using

35+
-~
At 2
/o
o
/
| st 40 kVp W Anode ;o
} !
» Inh. Fil. !
i !
% o0%0h (0.6 mm Al) 7 ],
2 e 10O mm ! i
o} Al Added / i
X i
&‘075_ ——o 013 m i j
Tin Added !
0 n 2 i i
ot T
o 0s0r i
2 !
=]
5 }

=

B

o
T

5 o s % 25 % 35 0
ENERGY — (KEV)

Figure 13, Comparison of effect of
Al and Sn filters on 40 kVp, W
anode x-ray tube operated at 50
kVp. (All spectra normalized to
unity area.)
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silver based film and normal imaging techniques, but might prove useful for systems using
xeroradiography, ionography, or image processing. Spectral shaping is very useful for
radiographic imaging when the material to be radiographed has a K-edge discontinuity below
the K-edge of the filter (5,6). For example, if the tumor could be selectively loaded with

iodine, normal radiography would be extremely efficient utilizing the lanthanum filtered
spectrum (Fig. 11).

The three anode materials also were used to examine changes in the x-ray spectrum
after it penetrated phantom materials, Various thicknesses of Lucite and polystyrene were
used as phantorn materials and produced practically identical results (comparing the primary
beams) when the polystyrene was approximately 1.2 times thicker than the Lucite. (Lucite,
Plexiglas, and Acrylic have the same chemical composition, CsHgO7, and specific
gravity--1.18 to {.19.)

075 ’— / ,’—1|
/ 1
/ \
- 7 \
/ \
\
/
060 - 50 kVp W ANODE /
e 2,0 mm Al Added /
L ——— ta FlL. Added /
e INH. FIL. i
(0.6 mm Al)

045+

030

NUMBER OF PHOTONS —

015

T

L] 10 15 20 2l5 30
ENERGY — (KEV)

Figure 14. Effect of Al and La filters on
x-ray spectra from W anode.x-ray tube
operated at 50 kVp. (All spectra normali-
zed to unity area.)

All the spectra shown here were obtained with Lucite, and the Lucite thickness should
be multiplied by approximately 1.25 to obtain an equivalent compressed breast thickness. (This
value represents the density ratio of Lucite to breast tissue; 0.95 was assumed to be the
density of breast tissue). A 40 kVp, tungsten anode x-ray beam was used 10 demonstrate
spectral change as a function of Lucite thickness. The 30 kVp beam exhibits the same
changes, but the various spectra are not well enough separated to be displayed as in Figure
16, TFigure 15 illustrates the change in shape and intensity of entrance and exit spectra.
Figure 16 compares two exit spectra with an entrance spectrum. This display clearly indicates
hardening of the x-ray beam by preferential absorption of low energy photons.

X-ray beams that have been shaped by K-edge filters undergo a unique spectral change
as a function of Lucite thickness., Figure 17 illustrates the effect of adding 3.2 cm of Lucite
1o 2 30 kVp x-ray beam produced by a Mo anode target and filtered by 0.03 mm of Mo. Figure
18 shows the relative changes in spectral shape above and below the Mo K-edge as a function
of Lucite phantom thickness. The incident spectrum has 83 percent of the photons below the
Mo K-edge; but, after penetrating 6.4 cm of Lucite, this percentage has been reduced to only
42 percent. Thus even for a relatively large absorber, at 30 kVp the Mo K x rays still
represent a substantial fraction of the exiting flux.
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Figure 15. Effect of adding a 3.2 c¢m Lucite phan-
tom to W anode x-ray spectra.
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Figure 16. A 40 kVp, W anode x-ray spectra trans-
mitted through 1.6 mm Al and 3.2 or 6.4 cm Lucite.
(All spectra normalized to unity area.)
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Figure 17. Effect of adding 3.2 Figure 18. A 30 kVp, Mo anode x-ray
em Lucite phantom to Mo anode spectra transmitted through 3.2,
X-ray spectrum. 4.8, and 6.4 cm of Lucite. {All

spectra normalized to unity area.)

4.5 INTRODUCTION TO TABULATED SPECTRAL DATA

The mammographic spectra are catalogued under three functional listings entitled
primary spectra, exit spectra, and RSI spectra. The spectra obtained by using K-edge filters
for x-ray beam shaping are included with the entrance spectra. The data is preceded by a
spectral index that lists some of the x-ray beam parameters for each tabulated spectrum.
This index should aid the user to locate the spectrum that best satisfies his requirements. The
equipment and data format are described in Sections 2 and 4.3, respectively. The HVL's listed
here were obtained from calculations using the spectral data, and are in excellent agreement
with experimental values.- The total filtration given for each x-ray spectrum was obtained
by assuming the following inherent filtrations for the four x-ray tubes: (i) 0.6 for W anode,
{2) 0.6 for Mo anode, (3) 0.0 for Mo-W anode (1.0 mm Be was ignored), and (4) 0.5 for the tube
in the RSI system, Recent data from Machlett indicates that the equivalent inherent fil-
trations of the tungsten and molybdenum anode tubes are 0.64 or 0.7 mm Al, respectively.
The filtration is composed of glass, insulating oil, and plastic. Note that these inherent
filtrations are specified at 70 and 35 kVcp, respectively, and that the actual Al equivalent
value varies with voltage.
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4.5.1 INDEX OF MAMMOGRAPHIC X-RAY SPECTRA

PRIMARY SPECTRA, TUNGSTEN' ANODE

Filtration

kvp HVL mm Al mm Other Page
25 0.43 - 22
25 0.54 0.51 22
25 0.62 1.02 22
25 0.79 3.05 23
30 0.58 - 23
30 0.71 0.51 23
30 0.81 1,02 : 24
30 0.96 2.03 ' 24
30 1.08 3.05 _ 24
30 0.99 - 0.13 Sn - 25
35 0.78 - 25
35 1.1 1.02 ‘ 26
4o 0.83 - 26
40 1.04 0.51 27
40 1.22 1.02 . 27
40 1.149 2.03 28
40 1.70 3.05 78
40 1.20 - 0.13 Sn 29
4o 2.03 - 0.13 La 29
45 1.01 - 30
L5 1.49 1.02 30
50 1.09 - 31
50 1.39 0.51 31
50 1.61 1.02 32
50 2.01 2.03 32
50 2.32 3.05 33
50. 1.40 - 0.13 8n 33
50 2.42 - 0.13 La 34
50 2.88 - 0.15 Sm 34
50 3.36 - 0.20 Gd 35
55 1.22 - 35
55 1.83 1.02 ) 36
55 2.60 - 0.13 La 36
60 1.29 - 37
60 1.64 0.51 38
60 1.95 1.02 39
60 2.82 3.05 40
60 2.43 2.03 41
60 2.80 - 0.13 La 42
60 3.18 - 0.15 Sm 42
60 3.89 0.20 Gd 43
60 4.55 0.23 Er 43
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INDEX OF MAMMOGRAPHIC X-RAY SPECTRA

PRIMARY SPECTRA, MOLYBDENUM ANODE

Filtration
kVp HVL mm Al mm Other Page
20 0.30 - 57
20 0.36 - 0.030 Mo 57
25 0.42 - ’ 58
25 0.51 0.51 : 58
25 0.46 - 0.030 Mo 59
25 0.44 - 0.015 Mo . 59
30 0.59 0.51 59
30 0.66 1.02 60
30 0.49 - 0.015 Mo 60
30 0.54 0.51 0.030 Mo 60
30 0.18 - . . 61
30 0.50 - 0.030 Mo 61
35 0.53 - 62
35 ¢.53 - 0.030 Mo 62
35 0.58 0.51 0.030 Mo 63
35 0.63 0.51 ' 63
40 - 0.56 - : 64
40 0.56 0.015 Mo 64
40 0.56 - 0.030 Mo 65
1] 0.62 0.51 0.030 Mo~ 65
4o 0.71 1.02 0.030 Mo 66
Lo 0.68 0.51 ‘ 66
40 0.92 1.2 N 67
45 0.56 67
L5 0.58 - 0.030 Mo 68
50 0.61 - ‘ 68
50 0.61 - 0.015 Mo 69
50 0.61 - 0.030 Mo 69
50 0.89 1.02 70
50 1.21 2.03 70
55 0.61 - 71
55 0.91 1.02 71
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INDEX OF MAMMOGRAPHIC X-RAY SPECTRA

EXIT SPECTRA, TUNGSTEN ANODE

Filtration

kVp HVL mm Al mm Other i cm Phantom Page
25 0.58 - 1.59 Lud C 74
25 0.66 - , 3.19 Lu 74
25 - 0.73 - ' 4,79 Lu 74
25 0.80 - ‘ 6.43 Lu 75
25 0.71 0.51 .~ .3.19 Lu 75
25 0.82 0.51 . 6.43 Lu 75
25 0.58 - . ) 2.63 Psb 76
25 0.67 - 5.25 Ps 76
25 0.73 - . 7.85 Ps 76
25 0.76 0.51 ., . ‘ 7.85 Ps 77
25 0.71 0.51. . 5.25 Ps 77
25 _ 0.64 0.51 2.63 Ps 77
25 0.69 1.02°.. : 2.63 Ps - 78
4o 1.53 0.51" : 3.19 Lu 78
40 1.85 C.51.. : 6.43 Lu 79
40 1.93 1.02 .. - 6.43 Lu 79
Lo 1.65 1.02 . 3.19 Lu 80
40 1.85 2.03 . . 3.19 Lu 80
40 2.06 2.03 : ‘ 6.43 Lu 81
40 1.52 0.51: S ) 5.25 Ps - 81
iy 1.64 1.02 ., 5.25 Ps 82
40 1.69 0.51 . 7.85 Ps 82
40 1.80 1.02 ' 7.85 Ps 83
4o 1.48 1.02 2.63 Ps 33
40 1.35 0.51 ' 2.63 Ps 84
55 2.99 - 0.13 La 4,79 Lu 84
55 2.87 - ‘" 0.13 La 5.25 Ps 85
4o 1.40 - 0.13 sn 5.25 Ps 85
Lo 1.48 - . 0.13 Sn 4,79 Lu 86
aLucite

bpolystyrene

19



INDEX OF MAMMOGRAPHIC X-RAY SPECTRA

EXIT SPECTRA, MOLYBDENUM ANODE

Filtration

kVp HVL mm Al mm Other cm Phantom Page
30 0.56 - 0.030 Mo 1.59 Lu - 87
30 0.63 - 0.030 Mo 3.19 Lu 87
30 0.71 - 0.030 Mo .79 Lu 87
30 0.81 - 0.030 Mo 6.43 Lu 88
30 0.70 - 0.030 Mo 7.85 Ps 88
30 0.63 - 0.030 Mo 5.22 Ps 88
30 0.57 0.030 Mo 2.60 Ps 89
30 0.61 - 2.60 Ps 89
4o 1.06 - 0.030 Mo 4,79 Lu 90
EXIT SPECTRA, MOLYBDENUM -~ TUNGSTEN ANODE
Filtration
kVp HVL mm Al mm Other cm Phantom Page
30 0.64 0.51 0.030 Mo 3.19 Lu 91
30 0.74 0.51 0.030 Mo 4,79 Lu 91
40 0.93 0.51 0.030 Mo 3.19 Lu g2
40 1.22 0.51 0.030 Mo 4,79 Lu 92
4o 1.25 0.51 . 4.79 Lu 93
4o 1.42 0.51 6.00 WBMc 93
4o 1.70 0.51 8.00 WBM 94
49 1.10 0,51 4,00 wWBM 94
40 1.26 0.51 5.00 WBM g5
40 1.54 1.52 4,79 Lu 95
40 1.56 1.52 5.00 WBM 96
50 2.02 1.52 5.00 WBM 96
50 1.99 1.52 5.79 Lu 97

RSI SPECTRA

Filtration

kVp HVL mm Al mm Other Page
30 0.60 0.51 100
30 0.75 1.02 101
30 0.86 1.52 101
40 0.4y - 102
40 0.80 0.51 102
Lo 1.04 1.02 103
49 1.22 1.52 103
50 1.26 1.02 104
50 1.50 1.52 104
50 1.71 2.03 105

CBR3, breast tissue substitute (7)
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4.5.2 PRIMARY SPECTRA
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4,5,2 PRIMARY SPECTRA

(UNGSTEN ANODE SPECTRUM (MW 1)

KVP: 25 X HYL: .43 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .3770E+07 PHOTONS/5Q.CM/MR
369696 36 36 36 4 36 336 2636 3696 32 3K 36 263K 3 6 363606 X6 06 26 36 3626 36 36 3 36 36 06 0 24 34 24 36 2 26 X 6

KEV NCRMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
7.5 .000400 . 17.5 .12455
8.5 .00135 18.5 .13264
9.5 006279 19.5 .12927
10.5 .00449 20.5 .11511
11.5 .01204 21.5 .08685
12.5 02074 22.5 046790
13.5 .03949% 23.5 .01806
14.5 .06243 2%4.5 .00340
15.5 .08843 25.5 .00003
16.5 »10990 26.5 .00003

3.3.2.3.2.2.3.2.3.3.2.3. ... .58 .11 5.3 3511 3.1 3.2.3.5.3 ... .1 .1 .8.8

TUNGSTEN ANODE SPECTRUM (MW 23

Kvp: .25 KHH HVL: .56 MM AL

MM AL ADDED: .51 %% AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .4327E+07 PHOTONS/5Q.CM/MR
2636 36 96 36 36 6 96 26 6336 6 26 26 36 6 96 36 36 9696 26 36 36 36 96 96 6 6 26 26 3 36 2 J6 26 24 36 26 36 34 6 36 36 4 266 ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
9.5 .00000 18.5 .13710
10.5 .00108 19.5 .16704
11.5 .00321 20.5 .16166
12.5 .007690 21.5 .11936
13.5 ,01763 22.5 07432
14.5 .03699 23.5 .03179
15.5 .06172 24.5 .00729
16.5 08079 25.5 00007
17.5 .11808 26.5 .00001

MMM MMM NI MMM MMM KN MK NN NKKENM KRR NNXEXA KRR NURAN

TUNGSTEN ANODE SPECTRUM (MW 3)

KvpP: 25 3% HylL: .62 MM AL

MM AL ADDED: 1.02 ¥ AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .6721E+07 PHOTONS/SQ.CM/MR
26 36 36 3 9 26 36 36 36 36 36 3 36 36 36 26 36 6 36 36 36 36 26 06 36 36 6 3636 36 36 3 3 56 36 36 3 3 56 9636 3 0 X6 2 K X ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
16.5 .06000 18.5 .13082
11.5 .00042 19.5 .15365
12.5 00274 20.5 .16036
13.5 .08760 21.5 .14689
14.5 .01846 22.5 .10103
15.5 .03%850 23.5 04744
16.5 .06874 24.5 .01376
17. .10296 25.5 .00803%6

HEKEMREKERKIEHM RN R ER NN HMMNMMMNNHMMNRMREMR KA X AR KRR
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TUNGSTEN ANODE SPECTRUM (MW &)

KVp: 25 X¥X¥ HvL: .79 MM AL

MM AL ADDED: 3.05 xx AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .5540E+07 PHOTONS/SQ.CM/MR
EHRHEERN AR REEANAKRREARRRK KK REAKR R AN RE XX R A AR KR AR ARN

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .0co00 19.5° .13685
13.5 .00129 20.5 .18741
14 .5 .80191 21.5 .21064
15.5 .0¢530 22.5 17718
16.5 .01850 23.5 .08570
17.5 .04178 24.5 .030%2
18.5 .08491 25.5 .00084

2332333332333 3333333333333 3333283333323 3 83

TUNGSTEN ANODE SPECTRUM (MW 53

KvyP: 30 * % % HvL: .58 MM AL

MM AL ADDED: .00 *x AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .4840E+07 PHOTONS/SQ.CM/MR
336 36 5 36 36 36 6 36 36 36 36 6 36 H 36 36 36 36 3 06 36 36 36 3636 36 36 3 3 3 06 X 6 3 36 2 M K MM KK X X

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
8.5 .00000 20.5 .09361
9.5 .00185 21.5 .09375
10.5 .00218 22.5 .08043
11.5 .00608 23.5 . 08254
12.5 .01032 24.5 .0729%0
13.5 .01972 25.5 .05940
14.5 . 03230 26.5 .04245
15.5 . 04655 27.5 .02216
16.5 .06089 28.5 .00816
17.5 .074663 29.5 00177
18.5 .08396 30.5 .00007
1%.5 .08103 31.5 .00006

(3332322 E R s s st

TUNGS%EN ANODE SPECTRUM (MW 62

KVP: 30 XX % Hvib: .71 MM AL
MM AL ADDED: .51 ¥ AL EQUIVALENT (INH): .60 MM

NORMALIZATICN FACTOR: .5461E+07 PHOTONS/S5Q,CM/MR
36 3¢ 36 36 36 36 36 36 36 36 336 36 26 26 34 26 06 36 36 36 6 6 26 366 36 26 36 36 3 34 36 26 36 36 36 26 36 26 256 36 2 2 M M K

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
9.5 00000 20.5 .09775
10.5 00104 21.5 .10324
11.5 .0018%6 22.5 .10348
12.5 .00331 23.5 .09783
13.5 .00813 24.5 .0898¢
14.5 .01672 25.5 .07484
15.5 .02958 26.5 .05642
16.5 04482 27.5 02923
17.5 .06177 28.5 .01088
18.5 .07612 29.5 .00214%
19.5 . 08948 30.5 .00003

*X**************X*************XX*%X**X***X***KK*XX
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TUNGSTEN ANODE SPECTRUM (MW 7)

KvpP: 30 3 ¥ HyL: .81 MM AL

MM AL ADDED: 1.02 %x¥ AL EQUIVALENT C(INH}: .60 MM
NORMALIZATION FACTOR: .5920E+07 PHOTONS/S5Q.CM/MR
36 36 26 36 36 36 36 6 36 366 36 6 26 36 636 36 36 36 96 33 26 9 336 36 6 36 36 36 3 96 36 3 2636 36 96 36 26 26 2 3 26 26 36 M %

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 21.5 .10653
11.5 .00101 22.5 .11168
12.5 .00132 23.5 .11207
13.5 .00382 24.5 .10410
14.5 .00849 25.5 .09833
15.5 01733 26.5 .0663%
16.5 03117 27.5 .03529
17.5 04677 28.5 01366
18.5 .06473 2%9.5 .gp2s51
19.5 . 08255 30.5 .00002
20.5 .09668 31.5 .00002

336 26 X X 3 36 I 3 I IE I I 2 3 K 3 35 IE I M NI I I 3 M I 32 2 D6 IE 26 26 2 MM

TUNGSTEN ANODE SPECTRUM (M 83

Kyp: 30 * 3 HVL: .96 MM AL

MM AL ADDED: 2.03 % AL EQUIVALENT (INH): ,60 MM
NORMALIZATION FACTOR: .6625E+07 PHOTONS/S5Q.CM/MR

36 3656 36 06 3 3 3 36 36 3 33 3 36 536 26 06 36 3 36 26 06 36 356 3 3 X 56265 36 3 3 2 K X X 3K KKK KKK

KEV NORMALIZED KEV NORMALIZED
SPECTRUNM SPECTRUM
12.5 .00000 22.5 .11965
13.5 .00126 23.5 .12800
14.5 .o0213 24.5 .12677
15.5 .00592 25.5 .11597
16.5 .01262 26.5 .09013
17.5 .02589 27.5 .05271
18.5 .06130 28.5 .02134
19.5 .06169 29.5 .00677
20.5 .08327 30.5 .00003
21.5 .10253 31.5 .00000

X**************X****X******************X**********

TUNGSTEN ANODE SPECTRUM (MW 92
Kvp: 30 % % HVL: 1.08 MM AL
MM AL ADDED: 3.05 %% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .7165E+07 PHOTONS/S5Q.CM/MR
363636 36 36 36X 396 36 06 36 2363636 3 X3 36 36 2 36 3096 26 3 26 3636 33 9K 3 2 K JE K26 3 96 26 36 36 366 3

KEV NORMALIZED KEVY NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 22.5 .11356
14.5 00101 23.5 :13229
15.5 .00164 24.5 .139%2
16.5 .00492 25.5 .13854
17.5 .01211 26.5 .11566
18.5 .026466 27.5 .07279
19.5 .06233 28.5 .03211
20.5 .06565 29.5 .00865
21.5 .08963 30.5 .00013

636 € 36 36 IE 2 3 3 36 € HE 2 3 3 6 26 3 26 I 36 36 36 26 26 203 36 2E I 236 3 3 20260 3 K 32K KK MK MK
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TUNGSTEN ANODE SPECTRUM (MWe7)

KVpP: 30 W Hyb: .99 MM AL

MM AL ADDED: .00 X% AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: »13 MM OF SN

NORMALIZATION FACTOR: .6731E+07 PHOTONS/SQ.CM/MR
9696 6 6 36 96 26 6 63K 96 96 36 36 36 36 I 36 36 6 36 26 36 36 36 36 36 26 26 3¢ 3 6 36 X6 36 36 36 26 36 36 36 36 36 36 6 36 3 % 3¢ %

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .oocoo0 22.5. .11174
13.5 .00111 23.5 .12233
14.5 .00224 2%.5 . 12475
15.5 .p0572 25.5 .11909
16.5 01215 26.5 .10177
17.5 .02358 27.5 .06911
18.5 03870 28.5 .03256
19.5 . 05787 29.5 .00360
20.5 07749 30.5 .00007
21.5 .09612 31.5 .00001
t3.3.3.3.3.3.3 3

t3.3.3. 5833353235333 332333333323.8

TUNGSTEN ANODE SPECTRUM (Migd2)

KvpP: 35 %% % HYL: .78 MM AL

MM AL ADDED: .00.%% AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .6256E+07 PHOTONS/SQ.CM/MR

36 36 36 36 36 36 363636 36 IO 36032 333K K KK 23 2969 2 33K N KK H N K

KEV  ~ NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
8.5 .00000 22.5 .06870
9.5 .00102 23.5 .0695¢0
10.5 .00106 24.5 .069%917
11,5 .00313 25.5 .06682
12.5 .00484 26.5 .06389
13.5 .00970 27.5 .0595%
14.5 .01595 28.5 .05424
15.5 .0247% 29.5 .04922
16.5 .03264% 30.5 .04183
17.5 04361 31.5 .0348%
18.5 .05042 32.5 .02632
19.5 .05728 33.5 .01687
20..5 06261 34.5 .00579%
21, .06602 35.5 .00018

3636 36 2 36 3 )6 I 5 3 36 36 26 36 2 26 2 36 36 26 26 6 D6 26 26 26 26 3K 3¢ 3 3 3 26 36 363 36 3¢ 3 3 36 2 3 I M H M HH K

25



TUNGSTEN ANODE SPECTRUM (MW&32

KvP: - 35 L3 HvL: 1.11 MM AL

MM AL ADDED: 1.02 xx AL EQUIVALERT (INH): .60 MM
NORMALIZATION FACTOR: .7725E+07 PHOTONS/5Q.CM/MR

96 36 36 36 3 36 36 56 J6 36 2 36 36 J6 636 36 36 36 36 6 36 36 36 36 36 3 36 36 26 336 36 6 26 4 6 36 36 3 06 06 363696 %

KEY NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 24.5 07754
12.5 .00069 25.5 .07935
13.5 00134 26.5 .07927
14.5 .00341 27.5 .07810
15.5 .00715 28.5 .07364
16.5 .01255 29.5 06736
17.5 .02095 30.5 .05946
18.5 .02955 31.5 04979
19.5 .03958 32.5 . 03793
20.5 .06993 33.5 .02457
21.5 205911 34.5 .00739
22.5 .06749 35.5 ,00013
23.5 .07370 36.5 , .00002

13323333 33322232 3 SIS 2 0

TUNGSTEN ANODE SPECTRUM (MW10)

K¥P: 40 % %% HvL: .83 MM AL
MM AL ADDED: .00 X% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .6762E+(7 PHOTONS/5Q.CM/MR
26 36 HE K 6 06 26 6 J6 26 36 36 26 6 36 6 36 34 36 36 34 63 36 2 26 36 2626 96 3 36 36 206 36 26 34 36 26 3 06 3 08 X X

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
3.5 .00000 25.5 .05888
9.5 .00085 26.5 .05776
10.5 .00123 27.5 .65498
11.5 .00284% 28.5 .05234
12.5 .00487 2%9.5 . 04874
13.5 . 00879 30.5 .04461
14.5 .01463 31.5 .04071
15.5 .02l3z 32.5 .03609
16.5 .029%914 33.5 .03146
17.5 .03763 34.5 .02620
18.5 .04257 35.5 .02089
19.3 . 04884 36.5 01468
206.5 05267 37.5 .008290
21.5 .05633 38.5 .00275
22.5 .05813 39.5 00063
23.5 .05946 40.5 .00008
24.5 06043 41.5 .0g007

3333 ST ST LIRSS ST LSS LIRSS T
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TUNGSTEN ANODE SPECTRUM
KV¥P: 40 23 HYL:
MM AL ADDED:

NORMALIZATION FACTOR:

1.0 MM AL
.51 ¥x AL EQUIVALENT (INH): .60 MM
.7738E+07 PHOTONS/5Q.CM/MR

(MW1l1)

323 3T TSI RSS2 5.5.3.3.3.3.3.5.3.3.2.1.2.3.]

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SFECTRUM
10.5 .00000 26.5 .06314
11.5 .00084 27.5 .06258
12.5 .00145 28.5 .06000
13.5 .00321 29.5 .0565¢4
14.5 .00648 30.5 .05327
15.5 01166 31.5 .06849
16.5 .01827 32.5 .04385
17.5 .02589 33.5 .03736
18.5 03292 34,5 .03158
19.5 .03999% 35.5 .02535
20.5 04723 36.5 .01773
21.5 05326 37.5 .0093%

" 22.5 .05723 38.5 .00283
23.5 .06085 39.5 .00054
2.5 06231 40.5 .00005
25.5 .06338 4l1.5 .00004

33T T332 3333233333333 3333333333 3.3.33.3.2.3.3.3.3.]
TUNGSTEN ANODE SPECTRUM (MW12)

KVP: 40 3% HvL: 1.22 MM AL

MM AL ADDED: 1.02 %% AL EQUIVALENT (INH): .60 MM

ATION FACTOR: .8487E+07 PHOTONS/5Q.CM/MR
P63 96 36 36 3 36 3 36 36 6 366 I3 26 6 96 6 36 3606 36 36 33K 363 36 36 3 26 36 36 36 26 36 36 3 6 3 H6 26 K K K3

NORMALIZ
KEY NORMALLZED
SPECTRUM
11.5 .00000
12.5 .000456
13.5 .00123
14.5 .00282
15.5 .00387
16.5 .01083
17.5 01750
18.5 .02379
19.5 .03228
20.5 .06025
21.5 .04757
22.5 .05364
23.5 .05838
24.5 .06295
25.5 .06508
296 96 H 2 K X

KEY

26,
27.
28.
29.
30.
31.
32.
33.
3¢,
35.
36.
37.
8.
39.
40

[DREES RE RN RO T R RE R RV RS F R |

5

NORMALIZED
SPECTRUM

.06682
.06693
.06534
.06281
.05914
.05556
.04979
.06616
.0377¢
, 02948
.02114
.01175
.00377
.0005%
.00003

13.3.3.2.3.3.3.3.2.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.3.1.2.3.2.3.1.1
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TUNGSTEN ANODE SPECTRUM (MW13)

KvP: 40 *%% . HVL: 1.49 MM AL
MM AL ADDED: 2.03 XX AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .9614E+07 PHOTONS/S5Q.CM/MR
36 36 26 36 36 36 96 36 36 36 26 36 36 26 36 36 JE 26 J6 26 26 26 26 26 26 26 36 3 36 36 36 26 36 28 26 56 36 36 36 26 J6 26 36 26 2 6 6

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 .07087
14.5 .00079 28.5 .07339
15.5 00173 2%.5 07264
16.5 .00379 30.5 07047
17.5 00717 31.5 .06650
18.7 31232 32.5 .06124
19... .01855 33.5 .05475
20.5 02611 34.5 .04794
2l.5 - .03481 35.5 .03865
22.% 16307 36.5 .02797
23.5 15123 37.5 .01553
24.5 -058190 38.5 .00522
25.5 .06417 39.5 .00097
26.5 .06878 40.5 .00002

1E3.3333.33.33.33.3.3.1.3.3.3.3.3.3.33.3.3.3.33.3.383.3.333.53.3.3.3 8.3 3.8.5.3.3.3 8.3

TUNGSTEN ANODE SPECTRUM (MW14)?

KVP: 40 %% % HvL: 1.70 MM AL :
MM AL ADDED: 3.05 %X AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .1043E+08 PHOTONS/SQ.CM/MR

36 26 36 2 26 2626 3 26 06 36 36 36 26 36 6 26 26 26 26 26 26 26 26 36 2636 6 36 X 36 X 2 N M 2K 3 MR KM H X M XX KK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
14.5 .000090 28.5 .07583
15.5 .00067 29.5 .07825
16.5 00120 30.5 .0775¢4
17.5 .00305 31.5 .07685
18.5 .00589 32.5 07136
19.5 .01065 33.5 .064938
20.5 L01700 34.5 .05679
21.5 .02422 35.5 .04716
22.5 .03319 36.5 .03522
23.5 . 04325 37.5 .61903
24.5 .04990 38.5 .00652
25.5 .05889 39.5 00139
26.5 .06744 40.5 .00000
27.5 07246 41.5 .00600

366 26 36 36 6 36 36 36 36 36 36 I 56 36 36 36 36 36 I6 J6 6 36 IE 6 36 € 36 36 36 26 6 36 I 36 36 3 36 26 36 I 26 36 36 3 6 W M M K
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TUNGSTEN ANODE SPECTRUM (MW6D)

KVP: 40 6% HVL: 1.20 MM AL ,
MM AL ADDED: .00 %% AL EQUIVALENT C(INH): - .60 MM
BEAM SHAPING FILTER: .13 MM OF SN -

NORMALIZATION FACTOR: .7924E+07 PHOTONS/SQ.CM/MR
36363 36363 6363606360696 363636 36363636 636 6 36 36 6 6 36 3 3 3 3 3 336 36 36 3 3 36 336 3 3 3 236 3 ¢

KEV NORMALIZED KEV ‘NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 . 12391
14.5 00186 28.5 .12210
15.5 .00282 29.5 .01888
16.5 .00608 30.5 00682
17.5 01266 31.5 00789
18.5 01991 32.5 60919
19.5 .03158 33.5 01042
20.5 04356 34.5 . .01075
21.5 05767 35.5 .01054
22.5 .07228 36.5 00946 .
23.5 .08621 37.5 .00632
24.5 .09785 38.5 .00299
25.5 10964 39.5. .00085"
26,5 111766 " 40.5 .00010

‘ x***********xxx***xxxxxxxxxxxxx*xxxxxxxxxxxxxxxxxx

TUNGSTEN ANODE SPECTRUM ' (MW72)

KVP: 60 X% HYL: 2.03 MM AL -
MM Al ADDED: .00 %% AL EQUIVALENT (INH): .60 MM _
BEAM SHAPING FILTER: .13 MM OF LA o
NORMALIZATION FACTOR: .1168E+08 PHOTONS/SQ.CM/MR
*K%X****K*XX*XX**X*X****XX*X*X*%%*X**XXKXXXXXX*XXX

KEV NORMALIZED KEV ‘NORMALIZED
SPECTRUM SPECTRUM
16.5 - .00000 29.5 .07959
17.5 .00096 30.5 - 08393
18.5 00154 31.5 .08629
19.5 .00348 32.58 .08590
20.5 .00631 33.5 .08230
21.5 .01088 3.5 07642
22.5 .01760 35.5 .06611
23.5 02563 36.5 .05282
2.5 03454 37.5 .03492
25.5 04415 38.5 .01374
26.5 .05501 39.5 .000384
27.5 .06403 40 .5 .00006
28.5 07292 41.5 .00001

D6 36 36 J6 36 26 36 36 26 36 € 36 36 36 76 96 36 26 26 26 36 26 36 36 36 ] 36 36 36 6 6 36 36 36 26 26 36 36 6 6 2 26 26 36 26 M N
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TUNGSTEN ANODE SPECTRUM (MUWE5)

KVP: 45 £33 HVL: 1.01 MM AL

MM AL ADDED: .0 %x AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .8076E+07 PHOTONS/S5Q.CM/MR
365626 36 36 36 36 3 36 36 6 36 36 J6 3 06 26 X 36 56 36 3 3 36 36 36 36 26 96 6 6 26 36 36 36 3 36 36 2 3436 26 20 6 3 3 36 2

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
8.5 .00008 27.5 . 06877
9.5 .00065 28.5 .04813
10.5 .00083 29.5 .04695
11.5 .0019% 30.5 .04498
12.5 .00277 31.5 .04273
13.5 .00500 32.5 04111
14.5 . 00890 33.5 .03846
15.5 L01371 34.5 .03564
16.5 .01933 35.5 .03285
17.5 .02599 36.5 .03827
18.5 .02995 37.5 .02738
19.5 .03519 38.5 .02394
20.5 L03913 3%.5 .02045
21.5 .04306 40.5 .01744
22.5 .04508 41.5 .01399
23.5 .04786 42.5 01042
24.5 .06893 43.5 .00667
25.5 .05000 46.5 00214
26.5 .06924 45.5 .00003

36 36 36 ¥ 36 3 26 36 3¢ 36 36 3 36 36 26 26 3 6 € € 36 26 36 36 26 36 2 26 D6 36 26 36 36 26 96 26 36 36 36 26 36 3 X 36 M X 2 X

TUNGSTEN ANODE SPECTRUM (MWB4 )

KVYP: 45 K¥X HvYL: 1.49 MM AL

MM AL ADDED: 1.02 ¥ AL EQUIVALERT (INH): .60 MM
NORMALIZATION FACTOR: ,1008E+08 PHOTONS/5Q.CM/MR
XX***XX***XXX*X***********XXX!XXXKX*X*X*****X****%

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 29.5 .05402
12.5 .00049 30.5 .05328
13.5 00077 31.5 .05219
1.5 .00164 32.5 .05081
15.5 .00320 33.5 .04870
16.5 .00569 3%.5 .04585
17.5 .01054 35.5 .06307
18.5 .01483 36.5 .03966
19.5 .02030 37.5 .03592
20.5 .02608 38.5 .03203
21.5 .03181 39.5 .02817
22.5 .03744 40.5 02347
23.5 .04135 41.5% .0188¢0
24.5 .06656 42.5 .01407
25.5 . 04907 3.5 ,00859
26.5 .05228 4% .5 .00227
27.5 .05320 45.5 .00004
28.5 . 05381 46.5 .00002

3 36 36 3 5 3 36 36 3 2696 7 36 36 26 26 36 3 2 36 36 36 3 3¢ 26 36 2 36 2636 26 36 36 36 3 36 I I H M M H KM XM NN KX
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TUNGSTEN ANODE SPECTRUM

K¥P: 50
MM. AL ADDED:

NORMALIZATION FACTOR:

E3 3
.00 %X AL EQUIVALENT (INH):
.8719E+07 PHOTONS/5Q.CM/MR

HVL:

1.09 MM AL

(MW15)

.60 MM

36 3€ 36 IE 3E 36 D€ 36 26 J€ I6 36 HE IE IE 36 3 2 26 36 2 36 36 3 M 2K I 36 36 I IE 3€ 26 2 2 €K 26 I€ 36 2 2 I 2 I 26 6 MMM

KEY

[ad
]

27.5
28.5
29.5

NORMALIZED
SPECTRUM

.00000
00060
.00060
.00166
.00223
.00449
.00785
.01185
.01667
.0226%
.02621
.03088
.03421
.03707
.04034
.06212
.0631¢6
.04439
. 04453
~06390
.06370
. 04290

KEV

39.5
40.5
41.5
2.5
43.5
44.5
%5.5
46.5
47.5
48.5
49.5
50.5
51.5

NORMALIZED

SPECTRUM

04163
04073
.03856
.03713
.03498
.03292
.03121
.02905
02699
.02449
.022790
.02030
.01812
.01545
.01347
.01086
.00833
.00583
.00291
.00064
.00010
.00006

FE 3 36 3€ 36 56 36 36 36 26 36 36 € 26 € 3¢ 26 26 2 26 3 2 26 JE 3 IE 26 I 36 3 M I I 26 6 36 I I 24 I 26 3 36 I M 2 N K

TUNGSTEN ANODE SPECTRUM

KVP: 560
MM AL ADDED:

NORMALIZATION FACTOR:

b33 HVL:

.51 %% Al EQUIVALENT (INH):
-1002E+08 PHOTONS/5Q.CM/MR

1.39 MM AL

(MW16)

.60 MM

33 36 36 3 26 3 3 3 26 3 36 2 % 3 3 22 22K 3623 3 XK X 2K I 2 H 3 3€ 36 K 2 3 3 I 36 I 36 26 6 3 3 3¢ f

KEV

Pk ok i ot
N 2D

| o
(=]
ARV R AS R RS J T RS RE 6 N

26.5
25.5
26.5
27.5
28.5
29.5
30.5

NORMALIZED
SPECTRUM

.000090
.00058
.00071
.00166
.00317
.00554
.00912
,01412
.01819
.02331
.02748
.03221
. 03544
.03900
.04104
. 04350
. 04646
.065648
.04580
.04627
. 04567

KEVY

31.5
32.5
33.5
34.5
35.5
36.5
37.5
33.5
39.5
40.5
41.5
42,5
43.5
46,5
45,5
46.5
47.5
48.5
49.5
50.5
51.5

NORMALIZED
SPECTRUM

.04407
.04298
.064111
.03940
.03761
.03556
.03360
.03078
.0289¢6
.02610
.02368
.02118
.01850
.01572
01314
.01027
.00730
.00393
.00091
00013
.00005

LR T332 3333333 2333333333233 3833313313112
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TUNGSTEN ANODE SPECTRUM

KVP: 50
MM AL AD

KEVY

il.
12.
13.
la.
i5.
16.
17.
18.
19.
20.
21.
22.
23,
26,
25.
26.
27.
28.
29.
30.

UICIC T TR IC T N AC IC R T T AT TUET )

X % X

(MWL17)

HvL: 1.61 MM AL
DED: 1.02 ¥% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .1094E+08 PHOTONS/5Q.CM/MR
3636 36 36 36 36 3 36 36 3 36 36 36 26 3¢ 3 36 36 36 3 26 36 36 6 26 36 36 36 36 34 6 26 236 36 36K 56 3 36 36 36 3 34 36 3 3 H €

NORMALIZED

SPECTRUM

»

-

.00gp0¢
.00055
.00063
.00145
.00283
.00519
.00877
.01266
L01716
.02158
02626
.03117
. 03483
.03887
.04162
.06405
.04592

04630
04733
06728

KEY

31,
32,
33.
34,
35.
36,
37.
38.
39.
40.
Gl.
42.
43.
44,
45.
46 .
7.
48.
49.
50.

NORMALIZED
SPECTRUM

04668
.04629
04464
.04323
.04109
03961
.03695
.03475
.03220
02963
02667
.02438
02068
.01804
01460
L01131
.00782
.00611
,00082
.00005

vttt gir i i e

53 96 36 36 5 3 36 26 36 3 36 26 36 3 36 36 06 36 36 3 96 96 26 36 3636 36 26 3 26 26 26 650 2 06 36 M6 M M 2 M K MW MM

TUNGSTEN ANODE SPECTRUM

. HYL: 2.01 MM AL : :
MM- AL ADDED: 2.03 %% AL EQUIVALENT (INH): .60 MM
.1247E+08 PHOTONS/SQ.CM/MR

KVP: 50

5213

NORMALIZATION FACTOR:

(MW18

i3 1333333331033 3335133t 3200

KEV NORMALIZED KEV
SPECTRUM
13.5 .00000 32.
14.5 .00041 33,
15.5 .00075 34,
16.5 00147 35,
17.5 . 00327 36.
18.5 00519 37.
19.5 .00859 38.
20.5 .01235 39,
21.5 .01700 40,
22.5 .02195 4],
23.5 .02696 42,
264.5 .03183 43,
25.5 03561 a4,
26 .5 .03894% 45.
27.5 .04306 46 .
28.5 .04585 47.
29.5 04747 48,
30.5 04907 49.
.. 31.5 . - .0491% . . 50.
13333.3.3.35.1.1.3.3.33.3.33.333 33 3.1

32

NORMALIZED
SPECTRUM

. 06982
.04975
. 06827
.06727
.04507
. 04325
.04093
.03828
.83512
. 03248
02920
.02585
.02240
.01873
.01461
.0101¢4
.00559
00117
. L0001l
333333 333333 33383

Vit ittt i g in



TUNGSTEN ANODE SPECTRUM (MW19)

KvP: 50 ¥ 3 3¢ HYL: 2,32 MM AL .
MM AL ADDED: 3.05 »% AL EQUIVALENT (INH):. ..60 MM
NORMALIZATION FACTOR: .1358E+08 PHOTONS/S5Q.CM/MR
36 56 36 36 36 36 3656 JE 96 36 36 6 36 36 26 3 3636 36 36 336 36 36 36 3¢ 2 3 36 26 36 26 36 5 2 2 2636 36 36 36 H 3 36 3 2 ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
164.5 .00000 33.5 .05107
15.5 .00036 34.5 .05180
16.5 .00063 35.5 .05197
17.5 .00136 36.5 .04956
18.5 00220 37.5 .04810
19.5 00430 38.5 .04611
20.5 .00705 39.5 .06394%
21.5 .01059 40.5 .048086
22.5 .01460 1.5 .03783
23.5 .01925 2.5 .033%98
24.5 .02463 3.5 .03022
25.5 .0289%6 44.5 .02651
26.5 .03453 5.5 .02199
27.5 03853 6.5 01744
28.5 .04256 7.5 .01248
29.5 .04576 48.5 .00683
30.5 .06833 9.5 .00148
31.5 04967 50.5 .00008
5 .05153 51.5 .60001

3636 36 36 6 26 06 06 3 2 3 3 X 3 26 36 26 36 26 3 36 96 36 36 6 3 36 6 36 3 3 26 3 2 € € 36 36 3€ 26 3¢ I 3 2 36 € 36 3 3 3

TUNGSTEN ANODE SPECTRUM (MW61)

KvP: 50 M3 % HYL: 1.40 MM AL

MM AL ADDED: .00 *x AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: .13 MM OF SN

NORMALIZATION FACTOR: .9458E+07 PHOTONS/S5Q.CM/MR

3 56 56 36 36 36 3 3 H 3 JE H 36 96 36 6 33 36 D66 3 26 36 36 36 36 36 26 36 2 36 36 36 36 36 3 2026 36 36 36 3 3 K K K I o 2

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
13.5 .0000¢ 32.5 .0099%3
14.5 .00079 33.5 .01210
15.5 .00214 34.5 .01474
16.5 00378 35.5 01651
17.5 00782 36.5 .01844
18.5 01306 37.5 .01936
19.5 062116 38.5 .02051
20.5 03025 39.5 .02131
21.5 03972 40.5 02131
22.5 05146 41.5 .82092
23.5 06285 2.5 .02084%
24.5 07308 43.5 .02011
25.5 08463 44 .5 .01858
26.5 .09327 5.5 .01597
27.5 .10056 46.5 .01357
28.5 .10364 47.5 .00986
2%.5 .0l665 48.5 .00537
30.5 .00602 49.5 .00108
1.5 .00852 50.5 .00009

XX*****%X*****x**********K********XXXXX*X!XX******
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TUNGSTEN ANODE SPECTRUM (MW65)

KVP: 50 * %% HVL: 2.42 MM AL

MM AL ADDED: .00 »x AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: .13 MM OF LA

NOGRMALIZATION FACTOR: .13647E+08 PHOTONS/S$Q.CM/MR
3636363636 3 36 36 26 206 96 2636 36 36 3 2 26 26 36 3 36 36 36 36 56 6 6 3 3 X 2 36 26 36 3 3¢ 3 3 3 % )6 X 3¢ % %

KEV . NCRMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
17.5 .00000 34.5 .07432
18.5 - .00087 35.5 . 87491
19.5 .00185 36.5 .075410
20.5 .00399 37.5 .07478
21.5 .00637 38.5 .05986
22.5 .01607 3%.5 01225
23.5 .01526 0.5 .81312
24.5 .02075 1.5 .01323
25.5 .02728 42.5 .01360
26.5 .03421 3.5 .01356
27.5 .04098 46 .5 .01282
28.5 .04730 45.5 .01134
29.5 .05444 46.5 .00973
30.5 .05%25 7.5 .00712
31.5 .06500 48.5 .00429
32.5 .06881 49.5 .00103
33.5 07224 50.5 .00006

3333525335502 2 33 8.3.5.2. .8 .28 3.0 2 5.2 2832 2.1.8.5.2.2 3. 5.3 .23 5.3, .1

TUNGSTEN ANODE SPECTRUM {(MW73)

KVP: 50 %% HVL: .2,88 MM AL )
MM AL ADDED: .00 X% AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: .15 MM OF SM '
NORMALIZATION FACTOR: .1539E+08 PHOTONS/SQ.CM/MR
E33.3.3.3.3.3.3.33.3.3.33.33.3..3.3.3.3.3.2.835.3. ... 3.2 .33.3..2.3.8.1..2..1.8.8

KEV NORMALIZED KEV NORMALIZED
‘ SPECTRUM SFECTRUM
17.5 .00009 34.5 .05600
18.5 .00045 35.5 .05767
19.5 .00091 36.5 .05837
20.5 .00199 37.5 .05837
21.5 .00320 38.5 05814
22.5 .00549 39.5 .05615
23.5 .00851 40.5 .05359
24.5 .01228 41.5 .05049
25.5 01674 42.5 .04728
26.5 .02173 43.5 -04301
27.5 .02652 44.5 .03829
. 28.5 .03189 45.5 .03280
29.5 .03726 6.5 .024902
30.5 .04211 47.5 .00339
-31.5 .04678 48.5 .00183
32.5 .05044 9.5 .00056
33.5 .05364 50.5 .00008

1333333333228 32332233 s 2t T T
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TUNGSTEN ANODE SPECTRUM

KVP: 50
MM AL ADDED:

XN HVL:

BEAM SHAPING FILTER:

NORMALIZATION FACTOR:

3. 36 ‘MM AL

.00 %% AL EQUIVALENT (INH)-

.20 MM OF GD

(MW66) -

;60 MM

.1698E+08 PHOTONS/5Q. CM/MR

**************************************************

KEV

31.5
32.5
33.5
34.5

NORMALIZED
SPECTRUM

.00000
.00045
00106
.00182
.00313
.08517
00787
.01173
01607
.02148
02673
03212
03768
.04357
.064807
.05268

KEV

35.5
36.5
37.5
38.5
39.5
4G.5
41.5
42.5 -
%3.5
44.5
45,5
46.5
47.5
48.5
49.5
50.5%

NORMALIZED
SPECTRUM

05640
05978
06082
06155
.06256
06151
.05848
.05575
.05178
06677
06015
.03258
.02440
01401
.00359
00022

ERERERRNHEHERH KN N KKK KN RNAKRH NN RKERAR KKK KRR KRK

TUNGSTEN ANODE SPECTRUM

KVP: 55

MM AL ADDED:
NORMALIZATION FACTOR:

* ¥ % HVL:

.00 %% AL EQUIVALENT (INH): _
.9674E+07 PHOTONS/5Q.CM/MR

1.22 MM AL

(MWB6)

.60 MM

FEHEIEHEH MMM MMM MMM MM HH U NN RN R U XK MIREE RN RN KRR ERNK

KEV

Lo

PO P3N 1 o b s bt o b et
NN PHN- OO 00
U‘IULHWUWWUIWL-T‘WU\U‘IWW

31.5

NORMALIZED
SPECTRUM

.00000
.00061
.00053
.00138
00169
. 80330
.00593
.00922
.01307
01760
.02123
.02536
.02783
. 03131
03421
.03565
.03737
.03923
.03951
.03938
.039642
.03903
.03889
.03788

_KEV

32.5
33,5
36.5
35.5
36.5
37.5
38.5
39.5
40.5
41.5
42.5
43.5
44.5
45.5
46 .5
47.5
48.
49.
50,
51,
52.
53,
54.
55.

(RS20 BV, RV RF, B8 AN ]

NORMALIZED
SPECTRUM

03678
.03572
.03459
.03321
.03109
. 02992
.02869
.02696
.02604
02616
.02221
.02030
.01890
01715
01502
.01381
.01196
.01046
00841
. 00663
.08476
.00286
.00077
.00009

**K*******X******X***X*X*XXX*X*X*!***X****%X*%X*K%
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TUNGSTEN ANODE SPECTRUM (MWB7 )

K¥P: B5 = %xx HVL: 1.83 MM AL

MM AL ADDED: 1.02 %% AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .1208E+08 PHOTONS/SQ.CM/MR

36 36 3 36 36 36 36 3 3 36 36 36 36 36 36 36 56 36 36 3 36 36 26 36 26 JE 36 36 36 36 96 96 3 96 3 36 26 36 3 3 6 36 26 6 3 3 X X %

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00080 34.5 .04052
13.5 00043 35.5 .03885
14.5 .00095 36.5 .03804
15.5 .go2l0 37.5 .03679
16.5 .003%4 38.5 .03469
17.5 .00664% 39.5 .03327
18.5 .00941 40.5 .03168
19.5 .01337 41.5 .03000
20.5 .01717 42.5 .028180
21.5 .02081 43.5 .02578
22.5 .02544 4.5 .0241%
23.5 .02843 45.5 .02181
24 .5 .03209 46.5 .01973
25.5 .03475 47.5 01764
26.5 .03676 48.5 .01558
27.5 .03893 49.5 .01323
28.5 . 04046 50.5 .0108¢
29.5 .04131 51.5 .00866
30.5 .064201 52.5 .00633
31.5 .04182 53.8 .00354
3z2.5 .04168 54.5 .08093
33.5 .04106 55.5 .00008

3656 36 36 36 2 36 36 36 36 3 3 J6 36 36 36 36 € 3 X 3 36 36 X 36 3 36 36 36 I 36 36 3 36 36 36 3 26 36 36 3¢ M 36 36 26 26 H K M X

TUNGSTEN ANODE SPECTRUM (MW77)

KyP: 55 * %% Hvi: 2.60 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: .13 MM OF LA

NORMALIZATION FACTOR: .1436E+08 PHOTONS/SQ.CM/MR
626 36 36 36 26 3 36 3 3 36 3 363 3 36 I 3 6 06 3 36 36 26 36 6 36 36 36 36 36 36 I 336 2 96 3 26 M 3¢ 2 36 2 3 D MM K ¥

KEV NORMALIZED KEVY NORMALIZED
SPECTRUM SPECTRUM
17.5 .000090 37.5 .07352
18.5 .00076 38.5 .061890
19.5 .00150 39.5 .012902
20.5 .00297 40.5 .01255
21.5 .00472 41.5 .01411
22.5 .007650 2.5 .01514
23.5 .01194 43.5 .01564
24.5 .01659 44.5 .01615
25.5 .02205 45.5 01611
26.5 .02789 46,5 .01591
27.5 . 03647 7.5 .015352
28.5 .04089 48.5 014532
29.5 .04709 : 49.5 .01337
30.5 . 05248 50.5 01164
31.5 .05777 51.5 .00959
32.5 .06269 52.5 .00732
33.5 06571 53.5 .00621
34.5 .06872 54.5 .00087
35.5 .07105 55.5 .000038
36.5 .07278 56.5 .00004

36 36 36 36 36 36 36 96 36 3 6 26 36 36 36 36 26 36 3 36 J6 6 6 0T 3 JEXE X2 X 2 3 36 36 36 26 36 26 36 2 36 26 2 3 3 3¢ 36 3 3¢
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TUNGSTEN ANODE SPECTRUM (MW20)

KvP: 60 K% HvL: 1.29 MM AL

MM AL ADDED: .00 %x AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .1024E+08 PHOTONS/SQ.CM/MR-
363 36 3636 36 H6 I 36 2636 26 36 46 26 26 36 363 X I I 606 MK KK 33X KK 23 K KK M H K

KEV NORMALIZED "KEV NORMALIZED
SPECTRUM ' SPECTRUM
8.5 .00000 35.5 .03111
9.5 .00049 36.5 .02979
10.5 .00064 37.5 .0292¢9
11.5 .00126 38.5 .02769
12.5 .00151 39.5 .02670
13.5 .00324 40.5 . 02549
14.5 .00549 1.5 .02418
15.5 .00827 2.5 .02262
16.5 .01150 43.5 .02152
17.5 .01671 G4 .5 .02029
18.5 .01914 45.5 .01886
19.5 .02282 46,5 01770
20.5 .02523 47.5 .016463
2l.5 .02820 48.5 .01500
22.5 .03073 9.5 .01372
23.5 .03227 50.5 .01266.
24.5 . .03403 51.5 .01127
25.5 .03530 52.5 .00996
26.5 .03567 53.5 .00856
27.5" .03612 54.5 .00748
28.5 .03594 55.5 .00599
29.5 .03588 56.5 .00475
30.5 03549 ' 57.5 .00324
31.5 .0349¢0 58.5% .00194
32.5 .03388 59.5 .00049
33.5 .03385 60.5 : .00009
3.5 .03241 61.5 .00006

3€ 36 3 36 3 26 3 36 3¢ 36 3€ 36 36 I 3 D6 36 36 6 26 36 96 36 36 96 96 6 3 26 36 36 6 26 26 36 2 26 3K 3 2 ¢ 2 06 6 06 K
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TUNGSTEN ANODE SPECTRUM (MW213

KvP: 60 % %% HVL: 1.694 MM AL

MM AL ADDED: .51 %X AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: ,1171E+08 PHOTONS/SQ.CMsMR
3¢ 36 36 36 36 36 36 36 56 06 3 36 3E 36 36 36 3 4 36 26 36 36 36 26 34206 26 30 0 6 3006 06 20 04 3 06 3 26 K MM MK KK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 00000 36.5 .03303
11.5 00049 37.5 03200
12.5 00076 38.5 .03039
13.5 L00113 3%.5 .03031
14.5 .00220 40.5 .02809
15.5 00393 1.5 02678
16.5 00636 42.5 02517
17.5 01615 43.5 .02422
18.5 .01246 4.5 .02248
19.5 01621 45.5 .02152
20.5 L0193%3 46.5 .02048
21.5 .02339 '47.5 .01869
22.5 .02529 8.5 .01702
23.5 .02888 49.5 .01579
24.5 .03117 50.5 .01426
25.5 .03328 51.5 .01301
26.5 .03462 52.5 .0115¢C
27.5 .03592 53.5 .00981
28.5 .03686 54.5 .00827
29.5 03679 55.5 .00683
30.5 .03707 56.5 .00576
31.5 .03651 57.5 .00389
32.5 .03675 58.5 .00232
33.5 .03536 59.5" .00067
34.5 .03490 60.5 .00007
35.5 .03420 61.5 .00005

3233333333333 333133813 33335331080 R TR 0 0 2 00
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TUNGSTEN ANCDE SPECTRUM (MW22)

KVP: 60 ¥HH HvL: 1.95 MM AL

MM AL ADDED: 1.02 x» AL EQUIVALENT {INH): .60 MM
NORMALIZATION FACTOR: ,.1287E+08 PHOTONS/5Q.CM/MR
3636 36 36 36 36 36 3 M 06 D33 M I M I X I I 3 3 30 36 36 3 26 00 06 2 K 0 06 3K 36 3 2 M K 2K XK K

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 37.8 .034290
13.5 .Q0046 38.5 .03317
1.5 .00075 39.5 .03178
15.5 .00174 40.5 - .03052
16.5 .00347 41.5 -02949
17.5 .00602 42.5 .02820
18.5. .00823 43.5 .02646
19.5 .01195 4.5 .02527
20.5 .01470 45.5 .02365
2l.5 .01870 6.5 .p2212
22.5 .02194 47.5 .02064
23.5 .02527 48.5 .01886
2.5 .02805 9.5 .01737
25.5 .03038 50.5 .01575
26.5 .03272 51.5 . 01437
27.5 .03434 52.5 .01264%
28.5 .03595 53.5 .01105
29.5 .03675 54.5 .00948
30.5 Q3772 55.5 .00778
31.5 . 03737 56.5 .00619
32.5 .03752 57.5 . 004644
33.5 .03757 58.5 002690
34.5 .03691 59.5 .00067
35.5 .03610 60.5 .G0007
36.5 .03521 6L.5 .00005

3333333333333 33333333333 35222 2 2 R b e 2t St 2y
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TUNGSTEN ANODE SPECTRUM (MW23)

KvP: 60 34 3% HYL: 2.82 MM AL
MM AL ADBED: 3.05 xx AL EQUIVALENT (INH): .60 MM

NORMALIZATION  FACTOR: ,1590E+08 PHOTONS/SQ.CM/MR
26363696 36 36 6 26 36 36 336 96 36 6 36 36 36 6 36 36 36 360 3 36 36 36 36 3 36 26 96 3 3 36 26 96 6 36 3 96 36 36 36 36 3¢ 2 X

KEV  NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
15.5 .06000 -38.5 .03948
lg.5 .00050 39.5 . 03879
17.5 00068 0.5 .03751
18.5 .00166 1.5 03670
19.5 .00253 4£2.5 .0352¢4
20.5 .00427 43.5 .03433
21.5 00654 4.5 .83253
22.5 .00938 5.5 .03042
23.5 .01227 6.5 .02924
24.5 .01596 47.5 . 02736
25.5 .01925 48.5 .02553
26.5 .042230 9.5 .02342
27.5 02616 50.5 .02204
28.5 .02924 51.5 .01952
29.5 .03188 52.5 .01749
3.5 . 03328 33.5 .01521
31.5 .03590 54.5 L01317
32.5 .03775 55.5 .011a1
33.5 .03840 56.5 00875
34.5 .03901 57.5 .00657
35.5 .04000. 58.5 .00392
36.5 03973 59.5 .00109
37.5 .03927 60.5 .00008

****-)(X****)ﬂ(X******X******X******X%*****%XX***K*X*

40



TUNGSTEN ANODE SPECTRUM (MW24)

KVP: 60 %% % HVYL: 2.43 MM AL

MM AL ADDED: 2.03 xx AL EQUIVALENT (INH): (60 MM
NORMALIZATION FACTOR: ,1460E+08 PHOTONS/SQ.CM/MR

4 36 36 36 36 6 26336 36 36 36 56 96 36 6 26 26 06 96 26 26 36 26 2 3 3 3 36 06 36 96 36 36 36 6 34 6 3 3 26 M H MM K NN

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
16.5 .00000 38.5 .03699
15.5 .00050 39.5 .03567
16.5 .00084 40.5 .034646
17.5 .00205 41.5 .03324
18.5 . 00355 42.5 03209
19.5 .00554 3.5 .03069
20.5 .00815 4.5 .02913
21.5 .01105 5.5 .02786
22.5 .01456 46.5 .02572
23.5 01819 47.5 .02398
24.5 .02149 48.5 .02277
25.5 .0248¢4 49.5 .02035
26.5 .02763 50.5 .01921
27.5 .03058 51.5 .01698
28.5 .03280 52.5 .01505
29.5 . 03476 53.5 .01324
30.5 03671 54.5 .01138
31.5 .038¢03 55.5 .00946
32.5 .03864 56.5 .00762
33.5 .03846 57.5 .00535
- 34.5 .03891 58.5 00306
- 35.5 .03857 59.5 .00079
v 36.5 ,03825 60.5 - .006005
37.5 .03707 61.5 .00002

*X****X*)(*X**XXX**X‘G)@XXX*X*XXXXXX**X*K**XX*XXXXXKK
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TUNGSTEN ANODE SPECTRUM (MW713

KVP: 60 ®¥%% - HVYL: 2.80 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT (INH)>: .60 MM
BEAM SHAPING FILTER: .13 MM OF LA

NORMALIZATION FACTOR: .1533E+(08 PHOTONS/S5¢.CM/MR
12331233 3333332333333333333313333333312233.23.3232.2.2.3.2,]

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
17.5 .00000 39.5 .01233
18.5 .00065 40.5 .0l212
19.5 .00135 1.5 .01363
20.5 .00233 42.5% .01517
21.5 .003389 43.5 L1606
22.5 .00619 G4.5 .01675
23.5 .00958 45.5 .01768
24.5 .01331 46.5 .01793
25.5 .0183¢% 47.5 .01812
26.5 .02359 48.5 .01842
27.5 .02883% 9.5 .01811
28.5 .03452 50.5 01744
2%.5 .03984 51.5 ,01692
36.5 .04509 52.5 .01553
31.5 . 06954 53.5 .01425
32.5 .05514 54.5 .01287
33.5 . 05863 55.5 .01119
34.5 .oela7? 56.5 .00%52
35.5 .06688 57.5 .00721
36.5 .06611 58.5 .00438
37.5 06815 59.5 .00138
38.5 .06155 60.5 .00013

333333333333 3833 383311 822 el

TUNGSTEN ANODE SPECTRUM (MWZ252

KVP: 60 ¥ HylL: 3.18 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT (INHJ>: .60 MM
BEAM SHAPING FILTER: .15 MM OF SM

NORMALIZATION FACTOR: ,1667E+08 PHOTONS/5Q.CM/MR

36 3 36 36 36 36 3¢ 36 96 36 X 3 36 36 36 36 36 36 34 26 36 6 26 26 336 3 26 36 34 30 3O 3 0 K 26 M KK X XK

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
17.5 .00000 39.5 05414
18.5 .00047 0.5 .05351
19.5 .00067 4]1.5 .052889
20.5 .00154 42.5 .05250
21.5 .0025¢0 3.5 .05129
22.5 .00412 4.5 05040
23.5 .006386 5.5 .06942
24.5 .00928 46,5 03698
25.5 .01233 7.5 .00622
26.5 .01623 48.5 .00634
27.5 L2038 9.5 .00674
28.5 . 02487 50.5 .00654
29.5 .02827 51.5 .00635
30.5 03266 52.5 .00625
31.5 .03389 53.5 .00620
32.5 .04089 . B4.5 .00555
33.5 . 04419 55.5 00536
34.5 04633 56.5 .0043¢
35.5 . 04819 57.5 .00343
36.5 .05141 58.5 .0021¢9
37.5 .05098 59.5 .00067
38.5 .0534% 60.5 .0000%

;3333232333333 ST R ST 33333 R TR T R EEETS SR 224
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TUNGSTEN ANODE SPECTRUM

KyP: 60
MM AL ADDED:

¥ X% HVL:

.00 %% AL EQUIVALENT C(INH}:

BEAM SHAPING FILTER:

NORMALIZATION FACTOR:

3.89 MM AL
.20 MM OF GD

(MW68)

60 MM

.1889E+08 PHOTONS5/5Q.CM/MR

93636 26 3636 3 3€ 36 26 36 36 36 96 36 3 36 26 36 36 6 76 I 36 3 6 36 36 26 36 36 D 23 2 3 36 3 362K 26 96 X 06 K X K

KEV

(GRS TGRSRV N6 R0 A RS0, R0 RE QO RGRL R RS RS NE L6 RE ]

&0.

NORMALIZED KEY
SPECTRUM
.00000 41.5
.00053 42.5
.00087 43.5
.00181 46,5
.00305 45.5
00468 46.5
.00695 47.5
00979 48.5
.01300 49.5
.01697 50.5
.02116 51.5
.02478 52.5
.02957 53.5
.03348 54.5
03775 55.5
064136 56.5
. 046443 57.5
04663 58.5
.04976 59.5
.05168 60.5
05341 61.5

NORMALIZED
SPECTRUM

.85377
.05470
.05459%
.05459
.05368
.05253
.05081
.04847
.06554
.01441
.00364
.00363
.00374
.00359
.00337
.00297
.00237
.00160
.00047
.00004
.00001

I Tttt 333 sttt tsttisess il sssss s

TUMGSTEN ANO

DE SPECTRUM

L00 %% AL EQUIVALENT (IRH):

4.55 MM AL
.23 MM OF ER

(MW26)

.60 MM

.2092E+08 PHOTONS/5Q.CM/MR

**X****X***XX*XX**X**********X*XXK*X**************

KVP: 60 ¥ XX HVL:

MM AL ADDED:

BEAM SHAPING FILTER:

NORMALIZATION FACTOR:
KEY NORMALIZED

SPECTRUM

21.5 .00000
22.5 .00020
23.5 .00054
24.5 .80134
25.5 .00193
26.5 .00322
27.5 .00493
28.5 ,00690
29.5 .00945
30.5 .01251
31.5 .01619
32.5 ,01947
33.5 .0238¢4
34.5 .02711
35.5 .03040
36.5 L,033460
37.5 .03696
38.5 03977
39.5 .Naz225
40.5 .04355

KEV

4.
42,
43.
44,
45,
46 .
47.
8.

wmunbwnmsionmigiuonin

58.5
59.5
60.5

NORMALIZED
SFPECTRUM

.04559
.04781
.0674%6
. 04807
.04882
L064767
.06667
.04547
.04320
.03986
. 03837
.03494
.03238
.02719
.02395
.01928
.00710
.00112
.00034%
.00003

3696 36 76 56 36 36 € 36 36 36 36 36 36 26 26 26 36 36 36 36 96 36 36 6 36 36 3€ 26 6 26 36 36 36 26 36 6 56 D6 36 36 0 36 36 26 3 X X ¥
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW35)

KVP: 20 X ¥ HvVL: .08 MM AL :

MM al ADDED,: .00 *x MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .1234E+07 PHOTONS/SQ.CM/MR
KEEHERXRAKEENREAEN KA NER A RE RN N E AKX R AR AKX RR LR X

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
3.5 .00000 12.5 . 08625
4.5 .00148 13.5 .07808
5.5 .00807 14.5 .06789
€.5 .02712 15.5 .05675
7.8 .05751 16.5 .04329
8.5 .164483 17.5 .03018
9.5 .16455 18.5 .01413
10.5 .10810 19.5 .00331
11.5 .10791 20.5 .00032

3 3 3 X 3 3 3 XK 3 3 2N B K K I KK DN M KM K0 I MK KKK KKK KK

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MDW36)

KvpP: 20 XXX HvL: .23 MM AL '
MM AL ADDED,: .51 x% MM QF BE INHEREN]- 1.00
NORMALIZATION FACTOR: .26406E+07 PHOTONS/5Q.CM/MR "
336 396 36 36 36 36 36 36 3 36 36 36 36 6 26 26 36 3636 36 36 36 6 3636 26 36 4 36 36 36 34 34 3 06 3 30 36 3 M MO MM H

KEY NORMALIZED KEV NORMALIZED '
SPECTRUM SPECTRUM
5.5 .00000 13.5 .12982
6.5 .00132 14.5 .15010
7.5 00216 15.5 .15509
8.5 .00459 16.5 14114
9.5 .02334 17.5 .11115
10.5 .03584 18.5 .0591¢
11.5 . 07329 19.5 .01401
12.5 .09840 20.5 .00061

***%*X*%*******K*****K**X**X**X*******X**KX*%X*X*X

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW38?

KvpP: 25 KRR H¥L: .09 MM AL

MM AL ADDED,: .00 xx MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .1470E+07 PHOTONS/SQ.CM/MR

X 3636 26 56 3 3063 K2 MK KM I MK MM H MM HMKM MK KN KM KN N KRN K HR

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
3.5 .00g00 15.5 .05671
4.5 .00081 16.5 L05177
5.5 .00517 17.5 L07766
6.5 .01804 18.5 .033849
7.5 .03950 19.5 .03807
8.5 L11766 20.5 .02213
9.5 .13868 21.5 01620
10.5 08263 22.5 .00943
11.5 .08687 23.5 .00272
12.5 .06876 24.5 .00032
13.5 .0659%1 25.5 .00018
14.5 .06208 26.5 .00020

333 SFEITIIEIIFESIF LSS T IITITS SIS SRS TS
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW37)

KVP: 25 X% % HYL: .32 MM AL

MM AL ADDED,: .51 %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .3154E+07 PHOTONS/SQ.CM/MR -
3636 3% 3 26 36 36 3 36 36 36 36 36 D6 36 X 3¢ 36 € 36 36 36 36 36 36 3 6 3¢ 36 36 36 6 36 36 36 I 36 36 26 3 26 36 2 26 2 M M X

KEV NORMALIZED KEV NORMALIZED
o SPECTRUM SPECTRUM
6.5 .00000 16.5 .10050
7.5 .00189 17.5 .17805
8.5 .00271 18.5 .09358
9.5 .01187 19.5 .10462

10.5 01714 20.5 .06596

11.5 - .03501 2l.5° .05116

l2.5 .04683 22.5 .03369

13.5 .06593 23.5 .01326

14.5 .08265 2%4.5 .00153

15.5 .09355 25.5 .00002

36 7€ 3¢ 36 36 336 I 36 26 36 36 36 I 36 36 26 I 3 6 2 I I 6 I 26 I 3 36 26 36 36 3 26 I I 3 36 26 3 36 36 26 2 3 I M M MM

MOLYBDENUM-TUNGSTEN -ANODE SPECTRUM (MOW 23

KVP: 30 ¥ % % HvYL: .10 MM AL

MM AL ADDED,: .00 X% MM OF BE INHERENT: 1.00
NORMALIZATION FACTODR: .1748E+0G7 PHOTOMNS/SQR.CM/MR
HIEHHE NN R KKK MK R RN REMHEHA KR EA KRN KRR RHER KA AR NN

. KEV. NORMALIZED KEV NCGRMALIZED

SPECTRUM - SPECTRUM

3.5 .00090. 17.5 .13215
4.5 .00108 18.5 .03776
5.5 .00358 19.5 .05296
6.5 “ 01226 20.5 .023802
7.5 .02750 21.5 .02396
8.5 .09531 22.5 .02119
9.5 .11079 23.5 .01861
10.5 .06586 24.5 .01598
11.5 .06777 25.5 .01307
12.5 .05209 26.5 .01049
13.5 .05129 27.5 .00780
14.5 .04996 28.5 .00512
15.5 .04739 29.5 .00187
16.5 .06591 30.5 .00013

33133 3.3.3.33.2.33.3333.33.3..3.3.8.533.533.3.82.3.3..3.3.23.2.3.0.3.3.3.5.3.
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MoW 1)

KvP: 30 * %% HVL: .41 MM AL

MM AL ADDED,: .51 xx MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .3841E+07 PHOTONS/SQ.CM/MR
8333333333333 333338322333 33333 3333333343332 33E 3

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
6.5 .00000 19.5 .10353
7.5 .06120 20.5 .05955
3.5 .00169 21.5 .05352
9.5 .00707 22.5 .04981
10.5 .00942 23.5 .04487
11.5 02043 24.5 .03943
12.5 .02663 25.5 .03292
13.5 .03832 26.5 .02649
14.5 .04935 27.5 .01820
15.5 .05863 28.5 .00985
16.5 .06620 29.5 .00197
17.5 .21071 30.5 .D0013
18.5 .06994 31.5 .00011

3333333 2333332333223 2233282 E 0

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW 3)

KVP: 30 MK HvL: .57 MM AL

MM AL ADDED,: 1.62 %% MM OF BE INHERENT: 1.80
NORMALIZAYION FACTOR: .4675E+07 PHOTONS/SQ.CM/MR

96 36 396 3 36 3 36 96 36 3 3 3636 2 3 36 26 34 36 3 3 26 K 3¢ 36 3 36 36 363K 3 3K X 6 96 36 X 3 36 36 36 36 36 3¢ ¢ 3 3¢

KEV NORMALIZED KEY NORMALIZED

SPECTRUM SPECTRUM
9.5 .000080 20.5 07155
10.5 .00168 21.5 .06673
11.5 .00460 22.5 .06696
12.5 .00884 23.5 .06292
13.5 .01750 24.5 .05609
14.5 .02881 25.5 . 04816
15.5 .04162 26.5 .0378¢4
16.5 .05539 27.5 .02648
17.5 .19481 28.5 .01279
18.5 .07330 29.5 .00306
19. .11759 30.5 .00025

3333333223233 8323332333333 I ELEELS
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MOLYBDENUM-TUNGSTEM ANODE SPECTRUM (MOW 43

KvP: 30 3 ¥ HytL: .31 MM AL
MM AL ADDED,: .00 %% MM OF BE INHERENT: 1.00
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .3120E+(7 PHOTONS/SQ.CM/MR
3656 36 36 36 36 3 3 K 26 3 X3 X X 3 3 3 06 6 X H MMM MM P MMM K MU MH MM XX KN XKRK

KEV NORMALIZED KEV MORMALIZED

SPECTRUM SPECTRUM
6.5 .0080¢C 19.5 .12687
7.5 .00163 20.5 .01458
8.5 .00475 21.5 .00890
9.5 .017¢02 22.5 .00996
10.5 .01947 23.5 .01143
11.5 .03616 24.5 .01135
12.5 .04279 25.5 .01119
13.5 .05693 26.5 .01039
14.5 .07009 27.5 .008160
15.5 .07926 28.5 .80500
16.5 .08875 29.5 .00124
17.5 .27491 30.5 .00013
18.5 .08898 ‘ 31.5 .00014

36 36 36 36 36 36 36 3 3 3 26 36 26 36 3 3 3 3 X 6 56 36 36 36 26 3K 96 26 36 36 € 2 36 M 3 4 36 36 36 3 2 2 2K 3 K 2 H K HH

MOLYBDENUM-TURGSTEN ANODE SPECTRUM (MOW 7
KVpP: 3D b HYL: .45 MM AL
MM AL ADDED,: .51 %% MM OF BE INHERENT: 1.00

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .3863E+07 PHOTONS/5Q.CM/MR
36 36 36 36 36 36 3 36 36 36 3 36 34 36 36 36 36 36 36 36 36 36 36 36 3 6 36 36 36 36 26 36 36 36 36 6 3 34 36 36 6 3 30 36 36 36 2696 34 ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
8.5 .g0000 20.5 .02001
3.5 .00155 21.5 01419
10.5 .00317 22.% .01675
11.5 .00854 23.53 .01879
12.5 .0158¢0 24.5 .01951
13.5 .039027 25.53 .01921
14.5 .04809 26.5 .01656
15.5 .06893 27.5 L01191
16.5 .08983 28.5 .00521
17.5 .30617 29.5 .00133
18.5 11333 30.5 .00009
19.5 .17269 31.5 .00067

BE 26 26 D6 3 36 36 36 I IE 36 36 36 I I I 36 3 36 3 36 I 36 36 36 IE 36 M I D6 36 36 I I 36 I I I M N M NI MEN
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW39>

K¥P: 35 * ¥ ¥ HyL: = .11 MM AL

MM AL ADDED,: 00 %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .1927E+07 PHOTONS/S5Q.CM/MR
M HMH MMM MR UK UM RHEA AR RAXEREKKAREE AN KRR R RN AR KRR H R

KEV NORMALIZED KEVY NORMALIZED
SPECTRUM SPECTRUM
3.5 .00000 20.5 02686
4.5 .00080 21.5 , 02421
5.5 .00303 22.5 .02249
6.5 .01035 23.5 .02030
7.5 .02358 24.5 .01878
8.5 .08140 25.5 .01669
9.5 .10321 26.5 .015090
10.5 .05181 27.5 .01301
11.5 . 05856 28.5 .01126
12.5 04646 29.5 .00915
13.5 .04488 30.5 .00747
1.5 .04404 31.5 .00536
15.5 .04361 32.5 .00335
16 .5 . 04455 33.5 .00125
17.5 .15526 34.5 .00013
18.5 03634 35.5 .00010
19.5 .05833 36.5 .00007

HHNHNRH NN MR NI N MMM MMM MMM M MMM KN MMM NN K RRNNHNK

MOLYBDENUM-TUNGSTEN ANGDE SPECTRUM. (MOW40)

KyP: 35 X% HVYL: .45 MM AL
MM AL ADDED,: . .5} %% MM OF BE INHERENT: 1.00

NORMALIZATION FACTOR: .4254E+07 PHOTONS/SQ.CM/MR
36 96 36 36 36 36 26 36 36 96 6 36 36 36 3636 36 3 3 36 36 36 336 3 36 36 36 5 36 2 36 3636 36 36 H 3 36 2 36 36 6 36 36 2 X %6

KEY | NORMALIZED KEV NORMALIZED
. SPECTRUM SPECTRUM
6.5 .00000 21.5 .04666
7.5 .00079 22.5 .04654
8.5 00181 23.5 . 04320
9.5 00612 264.5 .03989

10.5 00730 25.5 .03639

11.5 .01542 26.5 .03323

12.5 .02000 27.5 .03028

13.5 .02889 28.5 .02629

14.5 .037067 29.5 .02215

15.5 .06571 30.5 .01789

16.5 .05462 31.5 01331

17.5 .21399 32.5 .008638

18.5 .05688 33.5 .006333

19.5 .09755 34.5 .00022

20.5 .04768 35.5 .00005

6 3636 56 36 3 2 2 3 6 3 I6 3 2 26 26 36 36 26 3 2 2 M I I 36266 I I I 23 I M I 34 26 366 M 0 N M 363 3¢
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW10)

KVP: 43 X% % HVL: .54 MM AL
MM ‘AL ADDED,: .51 %% MM OF BE INHERENT: 1.00
MOLYBDENUM FILTER ADDED: .030

NORMALIZATICN FACTOR: .4744E+07 PHOTONS/5Q.CM/MR
2636363 26 36 36 36 26 36 36 36 3 36 36 36 36 36 36 36 56 63636 J6JK 6 34 33 2696 3336 36 36 36 36 36 3 36 34 3 36 36 6 X % X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
9.5 .000090 25.5 .02008
10.5 ,00191 26.5 .02204
11.5 .00488 27.5 .02304
12.5 .00856 28.5 .02454
13.5 .01649 29.5 .026460
14.5 .02680 30.5 .02387
15,5 .03899 31.5 .02332
16.5 . 05381 32.5 .02207
17.5 .29860 33.5 .02053
18.5 .07050 34.5 .01859
19.5 .14433 35.5 .01586
20.5 .01396 36.5 .01283
21.5 .00918 37.5 .00900
22.5 .01237 38.5 .00478
23.5 01540 39.5 00108
24. .01785 40.5 .00008

2363636 3 3 36 3¢ 3 3 3 26 36 26 36 36 2K 3 26 36 D 26 26 I I 6 36 36 I 26 3 26 € 3 I M 22 M MM MMM KK

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW171}

KVP: 4@ XXX HvL: .50 MM AL

MM AL ADDED,: .51 X% MM OF BE INHERENT: 1.080
NORMALIZATION FACTOR: .4737E+07 PHOTONS/5Q.CM/MR

B 3636 96 96 6 26 96 36 36 36 36 2 9 3K 36 3 36 26 6 6 3 3 26 36 3636 36 J6 36 3K 36 6 26 36 36 56 36 26 36 36 3 36 3 36 34 36 3

KEV NORMALIZED KEV NORMALIZED

SPECTRUM o SPECTRUM -
7.5 .00000 26.5 .03694
2.5 .00125 25.5 .03445
9.5 .00473 26.5 03269
10.5 .00555 27.5 .03082
11.5 .01190 28.5 . 02873
12.5 .01478 29.5 .02721
13.5 .02218 30.5 .02429
14.5 .0291% 31.5 .0221%
15.5 .03561 32.5 .01%78
16.5 .064417 33.5 01679
17.5 .21588 34.5 .01428
18.5 .04595 35.5 .01218
19.5 .09148 36.5 .00959
20.5 .04008 37.5 L00711
21.5 .03890 38.5 .00421
22.5 .03815 39.5 .00113
23.5 03768 40.5 .00011

b2 2322222233332 3322333333333 3333323333283
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM “(MOW18)

KVP: 40 = XX HVYL: - .70 MM AL R

MM Al ADDED, 1.02 %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .5902E+07 PHOTONS/5Q.CM/MR

36 36 36 X6 3 36 36 3 96 36 6 363 96 36 6 36 36 96 236 36 26 06 36 6 36 36 36 36 36 36 3 3 3 36 3 3 36 36 2 26 3 36 36 36 M K e

KEV NORMALIZED KEV NORMALIZED
SPECTRUM . SPECTRUM
10.5 00000 26.5 064315
11.5 .00258 27.5 04144
12.5 00403 28.5. .03958
13.5 .00820 29.5 03715
14.5 .01476 30.5 . 03405
15.5 .02201 31.5 03086
16.5 03106 32.5 02749
17.5 .17190 33,5 02487
18.5 06215 36,5 ©.02136
19.5 .08953 35.5 01797
20.5 06180 36.5 .01417
21.5 .06216 37.5 .00988
22.5 .06475 38.5 .00572
23.5 04600 39.5 .00142
26.5 04697 40.5 .00005
25.5 L06489 41.5 .00006

336 36 36 3 3 3 36 36 D 3 26 36 36 3 6 36 36 36 6 6 26 36 36 36 26 36 2 36 36 3 3 36 36 26 36 3K 36 36 36 36 6 3 26 I 26 2 X

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM  (MOW19)

KVP: 40 ¥ 5 HYL: 1.00 MM AL '

MM AL ADDED,: 2.03 %% MM OF BE INHERENT: 1.00 °
NORMALIZATION FACTOR: .7578E+07 PHOTONS/5Q.CM/MR
3636 36 3 36 36 3 3 36 36 36 3636 36 3 2 36 36 36 € 3 36 36 36 36 I 32 3 36 36 36 26 3 3 3 M I HH N M N W N KK

KEV' ~ NORMALIZED KEV ~  NORMALIZED
SPECTRUM © SPECTRUM
11.5 .00000 26.5 .05669
12.5 .00082 27.5 .05599
13.5 .00147 28.5 .05535
14.5 .00314 29.5 .05341
15.5 00649 30.5 .05152
16.5 .013064 31.5 04737,
17.5 .08573 32.5 .04335
18.5 .02660 33.5 . 03845
19.5 ,06587 34.5 .03436
20.5 036493 35.5 . 02884
21.5 .03997 36.5 .02257
22.5 04582 37.5 .01659
23.5 .05056 38.5 - .00968
24.5 .05347 39.5 .002272.
25.5 .05561 40.5 00003

**XX*KXXXXXX*XX*****X**************************N!*
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW24)

KvP: 40 3% HVL: .12 MM AL
MM AL ADDED,: .00 %% MM OF BE INHERENT: 1.00

NORMALIZATION FACTOR: ,2108E+07 PHOTONS/SQ.CM/MR
36 36 36 36 36 36 26 36 36 36 26 36 26 96 26 96 36 36 3636 26 3 36 36 266 3 336 X 3 H I 36 26 96 P 3¢ 36 26 6 363 X 36 26 ¥

KEV NORMALIZED KEV NORMALIZED
~ - SPECTRUM - - : SPECTRUM
3.5 .00000 22.5 .02172
4.5 00067 23.5 .62052
5.5 .0027¢4 24.5 .01%823
6.5 .00890 25.5 .0178%
7.5 .02155 26.5 01646
8.5 07099 27.5 01500
3.5 . 09426 28.5 .01407
10.5- . 04269 29.5 .01246
11.5 : . 064843 30.5 01113
12.5 03792 31.5 01004
13.5 03871 33.5 .00868
14.5 03917 33.5 L00788
15.5. 03810 34.5 00642
16.5 . .06438% '35.5 .00495
17.5 17388 36.5 006412
18.5 03420 37.5 00283
19.5 06130 38.5 .00161
20.5 .02443 39.5 .00031
21.5 ~ - .02281 . 40.5.. . ..00007

***XKXKKK!X**X**XKXX*******x**XX***K**K***X*X*****

MOLYBDENUM-TUNGSTEN‘ANODE SPECTRUM  (MOW29)

KVP: - 60 -%x%.. - HYL: 8¢ MM AL

MM AL.‘ADDED,: 1.52. . %X M OF BE INHERENT: 1.00
NORMALIZATION: FACTOR: .6724E+07 PHOTONS/5Q.CM/MR
3696 96 36 2636 36 26 26 3 36 26 36 26 96 26 6 06 3 36 36 36 36 36 3 36 36 36 3 26 26 36 226 36 36 26 2 6 26 36 X3 K ) X K

KEY. © NORMALIZED KEV  NORMALIZED

SPECTRUM A SPECTRUM
10.5 00000 26.5 05174
11.5 00090 27.5 05064
12.5 00152 28.5 04916
13.5 .0035¢ 29.5 04616
14.5 .00709 . 30.5 . 04281
15.5 .01278 31.5 .03933
16.5 02214 32.5 . 03585
17.5 .12254 33.5 .03120
18.5 .03450 34.5 .02723
19,5 .07918 35.5 .02222
20.5 03902 36.5 .01722
21.5 .06300 37.5 01174
22.5 06726 38.5 00592
23.5. .05063 39.5 00112
24,5 - 05161 . - 40.5 .00007
25.5 .05180 41.5 .00005

************************X*********X***************
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW&1)

KvP: 45 %3 % HVL: .54 MM AL -

MM AL ADDED,: .51 % MM OF BE INHERENT: 1,00
NORMALIZATION FACTOR: .5091E+07 PHOTONS/SQ.CM/MR
36266 96 36 36 26 36 26 K26 36 36 26 56 6 36 96 36 6 36 36 9696 D6 36 36 36 36 26 36 6 2 26 26 26 6 26 56 26 36 26 26 36 X K 2 X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
8.5 L000090 27.5 .02972
9.5 .00400 28.5 .02822
10.5 .00456 29.5 .02687
11.5 .00980 30.5 .02492
12.5 .01283 31.5 .02338
13.5 .01827 32.5 .02137
14.5 .02448 33.5 .p2018
15.5 .03084 34.5 .01850
16.5 .03955 35.5 .01631
17.5 .21311 36.5 .01458
18.5 .040462 37.5 01317
19.5 .08854 38.5 .01112
20.5 .0355¢0 39.5 00901
21.5 .03412 40.5 .00757
22.5 .03456 41.5 .00575
23.5 .03419 42.5 .00387
24.5 .03358 43.5 .00207
25.5 .03288 G44.5 .00035
26.5 .03178 45.5 .00003

t333.333 3323233223322 33T LT L2

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOWG2)

KyP: &5 %% % Hyit: .13 MM AL

MM AL ADDED,: .00 %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .229%92E+07 PHOTONS/SQ.CM/MR
26 26 36 36 36 36 3636 36 96 4 6 3 2 36 3 3 36 36 26 3 38 96 26 36 36 3 36 36 36 36 3 3 3 36 36 36 3 3 26 36 36 36 3 3 2 I 3

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
3.5 .00000 25.5 .01792
4.5 .00068 26.5 .01642
5.5 .00213 27.5 .01581
6.5 .00707 28.5 .01475
7.5 .01720 29.5 01367
8.5 .06323 30.5 01238
9.5 .08588 31.5 .01172
10.5 .03765 32.5 .01055
11.5 .04382 33.5 00977
12.5 .03335 34.5 00861
‘13.5 . 034380 35.5 .00794
14.5 .03529 36.5 00706
15.5 .03542 37.5 006196
16.5 .04124 38.5 .00521
17.5 ,18913 39.5 .00453
18.5 .03251 40.5 .00357
19.5 .06391 41.5 .B0267
20.5 .02336 2.5 .00188
2l.5 .02182 43.5 .00108
22.5 .02081 4.5 00017
23.5 .01992 45.5 .00003
24,5 .01883 46.5 .00005

3333232183333 3238238323323 333333 3.853.553.3.8.3.3.8.3.1
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW253

KvP: 50 % Hyt: .13 MM AL

MM AL ADDED,: .00 %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .2447E+07 PHOTONS/S5Q.CM/MR
P20 06 30N M6 00N K MK K I K I I KKK K MK KM MK H

KEV - NORMALIZED - KEV NORMALIZED
SPECTRUM R SPECTRUM
3.5 .00000 27.5 01562
4.5, 00076 28.5 01497
5.5 .00202 29.5 01396
6.5 .0061% 30.5 01316
7.5 .01594 31.5 01219
8.5 .05692 32.5 01161
9.5 .07936 33.5 611063
10.5 .03311° 34.5 01028
11.5 .03921 35.5 00965
12.5 . 82986 36.5 60852
13.5 .03116 37.5 00796
14.5 .03213 38.5 o720
15.5 .03244 39.5 00659
16.5 .06003 40.5 00589
17.5 .18595 41.5 00524
18.5 .03060 42.5 00471
19.5 .06505 3.5, 00415
20.5 .02149 46.5 08346
21.5 .02083 45.5 00291
22.5 .01987 46.5 00227
" 23.5 .01936 47.5 00174
24 .5 ,.01852 48.5 00113
25.5 .01762 49.5 00045
26.5 .01684% 50.5 00005

HHMMMM KK ERMMKMN KRN MK NMNMERMNE NN ER MR EKRERE M A XARR NN

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW26)

K¥P: 50 fakale) Hyl: .56 MM AL

MM AL ADDED,: .51 % MM QF BE INHERENT: 1.00
NORMALIZATION FACTOR: .5626E+07 PHOTONS/5Q.CM/MR
3436 3636 36 34 636 36 36 236K 26 33X X 3 36 33 3606 3 22 33K 36 36 3 6 26 36 36 36 3K 36 2 5 X2 2 H KK K

KEY NORMALIZED KEVY NORMALIZED
SPECTRUM o SPECTRUM
8.5 .00000 30.5 .02452
9.5 .0038¢0 T 31.5 .02332
10.5 .00387 32.5 .02208
11.5 .00819 33.5 .02097
12.5 .01034 34.5 .0185¢0
13.5 .0156¢0 35.5 .01828
14.5 .02110 36.5 .01682
15.5 .02669 37.5 .01565
16.5 .03868 38.5 .01453
17.5 .20676 39.5 .01289
18.5 .03614 0.5 . 01143
19.5 .08502 41.5 .01065
20.5 .03004% 42.5 .00951
21.5° .03003 43.5 00811
22.5 .03008 64.5 .00708
23.5 .03041 5.5 .00595
24.5 .03006 6.5 .00670
25.5 .0299%4 47.5 .00364
26.5 .02919 48.5 00241
27.5 .0282¢4 49.5 .00123
28.5 .02669 50.5 .00015
29.5 .02569 51.5 .00005

3636 3636 2 3636 3 6 X M X6 X M I 20X I 2 IE 22X 2 I KM MMM K KM KA KM HN
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW27)

KvP: 50 % % % HVL: .77 MM AL

MM AL ADDED,: 1.02 %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .6824E+07 PHOTONS/SQ.CM/MR

96 6 36 H6 3K 36 34 3 76 X6 3636 36 36 36 56 36 36 6 36 36 3 36 6 36 26 36 26 2 36 56 36 36 36 26 3 3 26 X X X MoK X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 00000 31.5 L03110
11.5 .00183 32.5 .02%12
12.5 .00321 33.5 .02787
13.5 .00572 34.5 .02621
14.5 .01005 35.5 .02459
15.5 .01502 36.5 .02302
16.5 .0257¢0 37.5 02141
17.5 .15198 38.5 .019891
18.5 .03032 39.5 .0l1822
19.5 07672 40.5 .01649
20.5 .02893 41.5 .01499
21.5 .03033 42.5 .0132¢
22.5 .03292 43.5 .01148
23.5 .03443 4.5 .009%86
24.5 .03528 45.5 .00821
25.5 .03567 46.5 .00650
26.5 .03529 47.5 .00485
27.5 . 034810 48.5 .00322
28.5 .03453 49.5 L00117
29.5 .03359 50.5 .00014
30.5 .03206 51.5 .00006

33333323323 EIL ST ES SRS S

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM {(MOW32)

K¥pP: 50 * % % HvL: .96 MM AL

MM AL ADDED,: 1.52 %% MM OF BE INHERENT: 1.080
NORMALIZATION FACTOR: .8006E+07 PHOTONS/SQ.CM/MR
X3 36 3 3 36 36 3 36 36 2 26 06 36 2 2 36 36 26 36 36 3 3 5K 200 3636 36 K 36 36 X 2 36 36 36 3 3 5 X % X K X H K

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 31.5 .03736
12.5 .001080 32.5 03612
13.5 .00227 33.5 , 03431
14.5 .00451 34.5 .03262
15.5 .00808 35.5 03079
16.5 .01467 36.5 .02886
17.5 .10483 37.5 .02651
18.5 .02311 38.5 .026485
19.5 . 06338 39.5 .02278
20.5 .02599 40.5 .02089
21.5 .02939 41.5 .01857
22.5 .03266 42.5 .01639
23.5 .03512 3.5 .01421
24.5 .03723 44.5 .g1212
25.5 .03849 45.5 .00970
26.5 03956 $6.5 .00748
27.5 .03982 47.5 .00537
28.5 .03979 48.5 .00264
29.5 .03923 49.5 .00054
30.5 .03866 50.5 .00005

t332 25282333 2332233323233 33 322333322282
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW13)

KVP: 50 K HvlL: 1.17 MM AL

MM AL ADDED,: 2.02 %¥ MM OF BE INHERENT: 1.08
NORMALIZATION FACTCR: .9092E+07 PHOTONS/SQ.CM/MR
233663 36 33 3 36 36 36 36 36 36 3K 326 36 3 26 36 96 36 36 3606 23 36 36 36 36 36 36 36 36 2 M MK X KK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .0000D 31,5 .06181
12.5 .00056 32.5 .04086
13.5 .00086 33.5 .03972
14.5 .00192 34.5 .03761
15.5 .00432 35.5 .03569
16.5 .005934 36.5 .03390
17.5 .06630 37.5 .03171
18.5 .01726 38.5 .02845
19.5 .064975 39.5 L 02665
20.5 .p2212 40.5 .02387
21.5 .02665 1.5 .02169
22.5 .03074 42.5 .01922
23.5 .03477 3.5 L01668
24.5 .03758 644 .5 .01426
25.5 .04077 5.5 .01l112
26.5 .04204 46.5 .00897
27.5 .04299 47.5 L 00613
28.5 .04338 48,5 .00308
29.5 .04355 49.5 .00057
30.5 .06293 50.5 .006008

3 6 D I€ 36 2 36 36 2 X I 36 HE 36 3 I 36 I 3 2 6 I 2 36 2 56 2 26 36 2 36 2 2 22 K KX X KKK K MK

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW15}

KvP: 50 35 HVL: 1.40 MM AL

MM AL ADDED,: 2.5¢ %% MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .1017E+08 PHOTONS/SQ.CM/MR

36 36 6 26 36 36 36 36 K 36 36 3666 3 2K 26 2 3K M K K 00 M3 K MK X K 36 K K KK H R

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 32.5 .04692
13.5 .00077 33.5 .04315
14.5 .00092 34.5 .06191
5.5 .00218 35.5 .046019
16.5 .00608 36.5 .03794
17.5 .03987 37.5 .03590
18.5 .01225 38.5 .03310
19.5 .03751 39.5 .0307¢8
29.5 .01815 40.5 .02792
21.5 .02237 41.5 .02517
22.5 .02712 42.5 .02301
23.5 .03153 43.5 .01971
24.5 .03614 44.5 016456
25.5 .03938 45.5 .01380
26.5 .04173 46.5 .01048
27.5 .04358 47.5 .00734
28.5 . 045390 48.5 .00393
29.5 .06638 49.5 .00084
30.5 .04598 50.5 .00006
31.5 .04618 51.5 .00005

336 3 3 3 3 36 36 36 D6 24 26 26 26 3 36 36 26 3 36 3 36 26 36 36 X 36 36 36 26 3 3 36 36 0 36 3¢ 36 36 36 3 26 36 3 3¢ 36 3¢ ¢
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW14)

Kvp: 58 * ¥ HVL: 1.63 MM AL

MM AL ADDED,: 3.05 %x MM OF BE INHERENT: 1.00
NORMALIZATION FACTOR: .1110E+08 PHOTONS/5Q.CM/MR

36 36 26 36 36 56 36 J6 6 36 3636 36 6 2656 36 36 36 6 2696 36 36 36 36 36 36 369 96 6 36 36 26 36 36 36 26 36 26 3 36 36 96 6 %6

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 32.5 . 04787
13.5 .00042 33.5 .06690
14.5 .00052 34.5 .06541
15.5 .00125 35.5 .06429
16.5 00330 36.5 .04187
17.5 .02427 37.5 .03957
18.5 .00837 38.5 .03720
19.5 02757 39.5 .03434
20.5 .01384 40.5 .03118
21.5 .01913 41.5 .02807
22.5 .02356 42.5 .02545
23.5 .02877 43.5 .02187
24.5 .03311 %4%.5 .01892
25.5 .03751 45.5 .01543
26.5 .04094 46 .5 .01195
27.3 .04387 47.5 .00817
28.5 .84611 48.5 .00408
29.5 .04745 49.5 00030
30.5 .04817 50.5 .00007
31.5 .06835 51.5 .00005

3 36 3 3 I 2 2 36 2 36 3 I 36 36 2 3 3 I 26 3 2K I I 3K 3 3 26 36 56266 3K 2K 36 I I 362K I I 3K 36 63K 2 3 M
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MOLYBDENUM ANODE SPECTRUM {MO15)

Kyp: 20 ¥ ¥ % HYL: .30 MM AL

MM AL ADDED: .00 ¥x AL EQUIVALENT (INH}: .60 MM
NORMALIZATION FACTOR: .2835E+07 PHOTONS/S5Q,CM/MR
ST EE TS FELIII IS TSI IS S FEL TS EFTT T

KEV NORMALIZED KEV NORMALIZED

SFECTRUM SPECTRUM
7.5 .00000 14.5 .14198
&.5 .00175 15.5 .166488
9.5 .00414 16.5 .16965
10.5 .01284 17.5 .15284
11.5 .03365 18.5 .10559
12.5 .06712 19.5 .03715
13.5 .10696 20.5 -00162

B 36 36 € 36 36 26 I 26 33 3¢ 3 36 26 26 3 3 3 3 2 H 3 I 2 636 6 3 3 5 39 MM MM H MMM R

MOLYBDENUM ANODE SPECTRUM (MO16>

KypP: 20 %% % HYL: .36 MM AL

MM AL ADDED: .00 % AL EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .G630

NORMALIZATION FACTOR: .31649E+07 PHOTONS/SQ.CM/MR
3333333333333 3333333333333 LTS T

KEV NORMALIZED KEY NORMALIZED

SPECTRUM SPECTRUM
8.5 .00000 15.5 16629
9.5 .00199% 16.5 .19484
10.5 .00389 17.5 .19534
11.5 .01303 18.5 .14527
12.5 .033464 19.5 .05251
13.5 .07211 20.5 .00113
14.5 .12015 5 .00901

3.3.33.33.33.3.33.3.3.3.33.3.333.33.3.32.3.33.33.3.3.3.3.33.2.3.33.3.1.3.3.2.3.3.3.
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MOLYBDENUM ANCDE SPECTRUM (MO11>

KVyP: 25 XRX¥ HYL: .42 MM AL
MM AL -ADDED: .00 %% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .3678E+07 PHOTONS/5Q.CM/MR
336 36 56 36 303 3 36 36 36 36 6 96 56 6636 3 36 D6 0606 0 HIEH K 23 MM MM KKK KM N M N KR KRN XK

KEV NORMALIZED KEY NORMALIZED
‘ SPECTRUM SPECTRUM
8.5 .00000 17.8 .26584
9.5 .0e2l1 138.5 .085¢02
10.5 .00518 19.5 .13588
11.5 01324 20.5 .06072
12.5 .02589 21.5 .05088
13.5 .04248 22.5 .03993
14.5 . 06095 23.5 .02567
15.5 .07620 24.5 .00794
16.5 .09146 25.5 .00048

xxx*xxxixxx*xxxxxxxx*xx*xxxx*x******xx*******x***x

MOLYBDENUM ANODE SPECTRUM (Mo12)

Kvp: 25 %% % HvL: .51 MM AL

MM AL ADDED: .51 xx AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .4150E+07 PHOTONS/5Q.CM/MR
3333 TSI ITRIS SIS EL TSRS

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
.5 .00000 18.5 .10408
10.5 .00162 19.5 .16375
11.5 .00335 20.5 .07847
12.5 .00908 21.5 .06919
13.5 .01939 22.5 .065913
14.5 .03649 23.5 .04115
15.5 .05587 26.5 .061592
16.5 .07868 25.5 .00089
17.5 .26290 26.5 .00005

I MM MMM MM K NN H MK R KR KM MMM MMM MMM MMM R NNHEH NN
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MCLYBDENUM ANGDE SPECTRUM (MO13)

KVP: 25 x % ¥ HYL: .46 MM AL

MM AL ADDED: .00 »x AL EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .3759E+07 PHOTONS/3Q.CM/MR
EEHKHEHHEHRHEEIHRHEE NN K HHNEARRRK M NKE KR AR KKK R R KKK KR K

KEY NORMALIZED KEY NORMALIZED

SPECTRUM SPECTRUM
$.5 .goge0 18.5 13078
10.5 .00204 19.5 .19657
11.5 .00498 20.5 .01838
12.5 .01301 21.5 .01163
13.5 02775 22.5 01169
14.5 . 04633 23.5 01002
15.5 07451 2%.5 .00457
16.5 .10365 25.5 .00035
17.5 .36067 26.5 .00007

4333333333333 3833333333333 8843332333333 833223 T

MOLYBDENUM ANODE SPECTRUM {M014)
KVyP: 25 XX ¥ HvL: .44 MM Al
MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM

MOLYBDENUM FILTER ADDED: 015
NORMALIZATION FACTOR: .3694E+07 PHOTONS/S5Q.CM/MR
336 36 36 6 36 36 36 36 X 06 06 36 36 K 36303 36 96363 36 00 3000 50 BN I MM MM MMM N KN K

KEVY NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
8.5 .00000 ) 17.5 .31095
9.5 .00145 18.5 11392
16.5 .00321 19.5 .16633
11.5 .00848 20.5 .031%2
12.5 .019390 21.5 .02558
13.5 .03621 22.5 .02360
14.5 .05650 23.5 .01749
15.5 .07782 24.5 .00658
16.5 .10015 25.5 00044

MOLYBDENUM ANODE SPECTRUM (M0 79
Kyp: 30 3 HvL: .59 MM AL
MM AL ADDED: .51 »* AL EQUIVALENT (INH): .60 MM

NORMALTZATION FACTOR: .4745E+07 PHOTONS/SQ.CM/MR
33T S ST EF LS EFFITS TSI LTSS SIS ST ST

KE¥Y NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 21.5 . 05464
11.5 .00227 22.5 .05563
12.5 .00481 23.5 .05380
13.5 .01089 24.5 .05040
14.5 .01985 25.5 .064738
15.5 .03189 26.5 037462
16.5 . 04857 27.5 .02940
17.5 .26582 28.5 .01825
18.5 06627 29.5 .00635
19.5 .16299 30.5 .00044
20.5 .05509 31.5 .00004

333 TES SIS SRS EEETTII ST
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MOLYBDENUM ANODE SPECTRUM (MO &)

Kyp: 30 %3 % HYL: .66 MM AL

MM AL ADDED: 1.02 *x AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .5154%4E+07 PHOTONS/SQ.CM/MR
263696 36 3 36 3 X 36 3 X% 3 3 36 636 36 33 XK 2K X 3 36 26 26 5 33 36 K 263636 26 4 K 3 36 3 6 3 3 K ) K

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM

11.5 .00000 21.5 . 06338
12.5 .00222 22.5 .06635
13.5 .00497 23.5 .06679
14.5 .0110¢0 2%.5 .06504
15.5 .02098 25.5 .D5854
16.5 .03713 26.5 .05024
17.5 .21958 27.5 L03770
18.5 .06198 28.5 .02251
19.5 .14500 29.5 .00586
20.5 .0606C 30.5 .00020

3636 96 36 H 36 3 6 26 2626 32696 3 36 36 06 6 26 2606 6 26 06 26 06 306 0 6 3 6 26 36 26 26 26 6 06 H X K MK X K

MOLYBDENUM ANODE SPECTRUM (Mg 9

KVYP: 3 % HYL: .49 MM

MM AL ADDED 00 *x AL EQUIVALENT (INH): .60 MM

MOLYBDENUM FILTER ADDED: .015 ,
NORMALIZATION FACTOR: .4096E+07 PHOTONS/SQ.CM/MR
3263 K362 K 236 3 36 36 3K 0 33K K 3K 6 3 36 36 3636 3 96 36 3 3 34 36 36 36 36 36 2 96 3 36 6 6 X

KEV NORMALIZED KEVY NORMALIZED
SFECTRUM SPECTRUM
9.5 .00000 20.5 .0254%
10.5 .00235 21.5 .02359
11.5 00541 22.5 .02558
12.5 .01195 23.5 .02663
13.5 .02242 26.5 .02576
14.5 .03554 25.5 .02420
15.5 .05069 26.5 .02099
16.5 .07008 27.5 .01627
17.5 .35254 28.5 .01004
18.5 . 08234 29.5 .00275
19.5 .16515 30.5 .00016

3 6 36 3 I 2 I 5 I IE 36 26 I 6 3 HEIE I 2 2K IE I I I K I I 2 26 3 I I I I 3K XK M N6 3K I 3 K ¢ K

MOLYBDENUM ANODE SPECTRUM (M026)
KVP: 30 %%x HVL: .54 MM AL
MM AL ADDED: .51 %% AL EQUIVALENT (INH): .60 MM

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .64Z286E+07 PHOTONS/5Q.CM/MR
3K 3 3636 36 36 3 36 36 6 36 36 6 36 336 36 26 26 36 36 06 6 6 36 06 636 0 3 0626 36 3 06 M IR M I K KK H MK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .0o000 21.5 .01425
11.5 .00161 22.5 .01827
12.5 .00374 23.5 .02185
13.5 .00965 24.5 .82421
14.5 .02052 25.5 .02395
15.5 .03715 26.5 .0218¢
16.5 .06576 27.5 .01643
17.5 .3639¢0 8.5 .0078%6
18.5 .1651¢0 29.5 .00170
19.5 .22645 30.5 .00004%
20.5 .01569 31.5 .00002

X¥KXXXXX%**K*%X*%KXKXX**********XX%K*X*XXX¥X******
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MOLYBDENUM ANODE SPECTRUM (M039)

KYpP: 30 * %% HyL: .48 MM AL
MM AL ADDED: .00 ¥% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .41264E+07 PHOTONS/SQ.CM/MR
X3 56 3 96 3 3 3 3 36 36 36 36 36 3 366 06 36 2636 96 36 3K 306 0 06 03K M0 2 M0 K MM KN K

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
8.5 .00000 20.5 .064734
5.5 .001582 21.5 . 36498
10.5 .00355 22.5 .04193
11.5 .00848 23.5 .0387¢4
12.5 .01631 24.5 .03404
13.5 .02641 25.5 .02945
14.5 .03847 26.5 02276
15.5 .04958 27.5 .01626
16.5 .06341 28.5 .00833
17.5 .30347 29.5 .g022¢
18.5 .06830 30.5 .00025
19.5 . 13416 31.5 .00005

36 36 26 36 3 26 36 P H6 36 36 36 36 J6 3 3 2 3 3¢ 36 36 3 3K 36 3 36 36 36 3 3 XK KB I H MWK NN MK HH K

MOLYEDENUM ANODE SPECTRUM {(M030>

KVP: 30 ®X % HVL: .50 MM AL

MM AL ADDED: .00 %x AL EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATIORN FACTOR: .4020E+07 PHOTONS/SQ.CM/MR
XHEXKKMARKHIERNEMERR KRN EX RN EAK RN KK KKK N YN AN XN A R AR,

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
16.5 .00000 21.5 .01056
11.5 .00391 22.5 .01294
12.5 .00935 23.5 .01539
13.5 .01930 24.5 .01636
14.5 .03361 25.5 .01652
15.5 .05146 26.5 .01496
16.5 .08177 27.5 ,01198
17.5 .3%041 28.5 .00718
18.3 .09714 29.53 30208
19.3 .19452 30.5 .00025
20.5 .01021 31.5 .000089

t333 1330322328333 323323 2.3.3
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MOLYBDENUM ANODE SPECTRUM (MO238)

Kyp: 35 XX ¥ HvL: .53 MM AL
MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .4516E+07 PHOTONS/SQ.CM/MR
MNEH K H K AR KENA NN R R RN NN A KN RN R AR H R KR ARA KRN A RN

KEV NORMALIZED KEY NORMALIZED

SPECTRUM SPECTRUM
9.5 .00000 23.5 .03541
10.5 .00260 24.5 .03678
11.5 .00586 25.5 .03229
12.5 01117 26.5 .02972
13.5 .01861 27.5 .02643
14.5 .02729 28.5 .02326
15.5 .03661 29.5 .01961
16.5 .0478% 30.5 .01580
17.5 .31327 31.5 .01192
18.5 .05453 32.5 00747
1%.5 .12828 33.5 .00255
2.5 .04059 34.5 .0003¢9
21.5 .03678 35.5 .00015
22.5 .03665 36.5 .0o0g22

333 ET ST FESET LSS SIS T EIIZ TS SEES ST S

MOLYBDENUM ANODE SPECTRUM (M029)

Kvp: 35 MK HvL: .53 MM AL

MM AL ADDED: .00 *x al EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .4304E+07 PHOTONS/SQ.CM/MR

3 36 36366 3 6 06 36 006 36 3 3636 M MMM MK MMM MMM HN MM KKK XA K N H XXX

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 23.5 .01427
11.5 .00315 24,5 .01635
12.5 00693 25.5 .01782
13.5 .01386 26.5 01899
14.5 .02666 27.5 .01925
15.5 .03851 28.5 . 01842
16.5 .06063 29.5 .01715
17.5 .39622 30.5 .01429
18.5 .07811 31.5 .01133
19.5 .18893 32.5 .0067%6
20.5 .01095 33.5 .00177
21.5 .0089¢9 3.5 .00040
22.5 .01182 35.5 .00021

123333333333 333330233 2332232 R P e b0
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MOLYBDENUM ANCDE SPECTRUM (Mo27>

Kyp: 35 by HYL: .58 MM AL

MM AL ADDED: .51 %% AL EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .4722E+07 PHOTONS/SQ.CM/MR
KM NN A K NN KK MM HHH WK KKK HHHARMREHEA KK NRARNH KK Y XX

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 24.5 .02189
12.5 .00259 25.5 .02509
13.5 .00636 26.5 .02715
14.5 .01366 27.5 . 02865
15.5 .02587 28.5 02790
16.5 .04977 29.5 .02624
17.5 . 36869 30.5 .02309
13.5 07653 31.5 .01829
19.5 .20339 32.5 .01247
20.5 .01247 33.5 .00473
21.5 .01061 34.5 .00099
22.5 .01468 35.5 .00C16
23.5 .01853 36.5 .00020

*********XX**XXXXXXX%XKX*XKX***%X**X****X***XX%XXX

MOLYBDENUM ANODE SPECTRUM (M047)
KvP: 35 X% % HYL: .63 MM AL
MM AL ADDED: .51 %% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .5146E+07 PHOTONS/5Q.CM/MR
36 56 36 6 36 36 36 36 26 236 36 26 I 36 36 36 26 36 06 36 36 3636 36 36 36 36 96 36 96 96 36 36 36 36 36 26 366 36 6 06 36 26 36 36 4 3¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 e3.5 .04425
11.5 .00178 2%.5 .04332
12.5 .063%1 25.5 .04229
13.5 .00805 26.5 .04014
14.5 .01482 27.5 .03752
15.5 .02314 28.5 .03356
16.5 . 04070 29.5 .02953
17.5 .26030 30.5 .02532
18.5 .05008 31.5 .01989
19.5 .13226 32.5 .01436
20.5 .03964 33.5 .00843
21.5 .06147 3.5 .00196
22.5 .04314 35.5 .00008

XX**XXX%XX*%*%XXXXXXXXXX*X**%XXX*XXXXXXXXKXX*XXX*X
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MOLYBDENUM ANODE SPECTRUM (M0402

KVP: 40 ¥ 3 3% HVYL: .56 MM AL

MM AL ADDED: .00 % AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .8862E+07 PHOTONS/S5Q.CM/MR
FEK KN MK M AN KW KKK XK KK KNI H 964 3696 % %

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
$.5 .0go00 25.5 .02912
1.5 .00204 26.5 .02805
11.5 . 00487 27.5 .02652
12.5 .0087¢4 28.5 .02525
13.5 .0145¢ 29.5 .B2358
14.5 .02112 30.5 .02133
15.5 .02806 31.5 .01963
16.5 .03955 32.5 01774
17.5 .31310 33.5 .01538
18.5 .042790 34.5 .01339
19.5 .12139 35.5 .01076
20.5 .03165 36.5 .00868
21.5 .03011 37.5 .00605
22.5 .03G69 38.5 .00373
23.5 .03074 39.5 60127
26, .02996 0.5 00015

**********X**X*X*¥*¥¥\£********XKX¥XXXX%*XX*X*XXX*

MOLYBDENUM ANODE SPECTRUM (MO 1D
KVP: 40 33 HYL: .56 MM AL
MM AL ADDED: ng %% AL EQUIVALENT (INH}: .60 MM

MOLYBDENUM FI. . ADDED: .013
NORMALIZATION rACTOR: .4765E+07 PHOTONS/SQ.CM/MR
MHENKN KKK NRERRE RN KN R KRR AR KRN RRNN KRR RNN NN RNKHN

KEV NORMALIZED KEV HMORMALIZED
SPECTRUM SPECTRUM
10.5 .6o000 26.5 .02408
11.5 00336 27.5 .02447
12.5 .00695 28.5 , 02380
13.5 .01325 2%.5 .02284
14.5 .02078 30.5 .02206
15.5 .03020 31.5 .02051
16.5 .05184 32.5 01876
17.5 .34366 33.5 .01633
18.5 .05222 3%.5 .01435
19.5 14626 35.5 .0113%8
20.5 .0151¢€ 36.5 .00%04
21.5 .01524 37.5 .00592
22.5 01801 38.5 00277
23.5 .02019 39.5 .00836
24.5 .021¢91 4.5 .00004
25.5 .02307 41.5 .00005

£3.3.3.3.23333333333 333333333 03333 322222 2 b RS bt
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MOLYBDENUM ANODE SPECTRUM (M041)

KVP: 40 ¥ 3 3 H¥L: .56 MM AL

MM AL ADDED: .00 % AL EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .4705E+07 PHOTONS/SQ.CM/MR
3363 96 36 6 2636 36 36 36 36 26 36 36 36 36 36 06 36 36 36 36 36 96 36 36 06 4 26 36 26 636 36 36 36 36 36 0 36 36 6 36 4 36 36 36 36 ¢

KEV NORMALIZED KEVY NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 26.5 .01708
11.5 .00219 27.5 .01869
12.5 .00482 28.5 .01970
13.5 .01011 29.5 .02034
14.5 .01760 30.5 .01989
15.5 .02808 31.5 .01986
16.5 .06543 32.5 01838
17.5 .385%7 33.5 01754
18.5 . 05953 34.5 01555
19.5 .17318 35.5 01361
20.5 .0l032 36.5 01119
21.5 .00686 37.5 00805
22.5 .00876 38.5 00491
23.5 .01118 39.5 0ol47
24.5 .01352 40.5 00007
25.5 .01560 1.5 0ogg2

AKX XK I AW I KNI NI M I HH DD KM M I D 22 KA H

MOLYBDENUM ARODE SPECTRUM (MB43)
K¥P: 40 ¥ ¥ HVL: .62 MM AL
MM AL ADDED: .51 *¥ AL EQUIVALENT (INH): .60 MM

MOLYBDENUM FILTER ADDED: .030
NORMALTIZATION FACTOR: .5233E+07 FHOTONS/SQ.CM/MR
36 36 36 26 54 36 26 2 3 36 6 26 26 3636 36 36 36 26 6 6 36 6 36 06 36 36 36 H6 36 56 36 36 36 36 36 4 36 36 36 36 34 3 2 34 34 36 M

KEV NORMAL1ZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 26.5 .02459
12.5 L00211 27.5 .02650
13.5 .00454 28.5 02859
14.5 L01031 29.5 .02932
15.5 .01885 30.5 .029%918
16.5 .03923 31.5 .028880
17.5 31812 32.5 02746
18.5 .05729 33.5 .02534
19.5 .17725 34.5 .02229
20.5 .00878 35.5 .01860
21.5 .00830 36.5 .01458
22.5 01142 37.5 .00843
23.5 .0149%% 38.5 00362
24.5 .01849 38.5 .00020
25.5 .02137 40.5 .00003

3333330333023 3333333333333 5.5.3.8.3.3,
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MOLYBDENUM ANGDE SPECTRUM (M044)

KvP: 40 ¥ %% HYL: .71 MM AL

MM AL ADDED: 1.02 ¥* AL EQUIVALENT (INH) .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .5976E+07 PHOTONS/SQ.CM/MR
3636 3 36 96 36 3 06 36 36 36 6 06 36 36 36 3 36 36 MO 36 0 2606 306 3 3 36X 36 06 K MK HH AN

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
12.5 .000¢00 27.5 .03635
13.5 .00227 28.5 .03764
14.5 .00522 29.5 .03925
15.5 .01118 30.5 .03979
16.5 .02866 31.5 .03917
17.5 .26182 32.5 .03799
18.5 .05008 33.5 .03596
19.5 .16474 3.5 .03268
20.5 .00809 35.5 .02774
21.5 .00875 36.5 .p2z2l7
22.5 .plz28z2 37.5 .01491
23.5 .01748 38.5 . 00644
24.5 .02205 39.5 .00108%
25.5 .02662 40.5 .00004
26.5 .030%8 "41.5 .00003

560636 36 3 36 3 3 X 3 X6 06 3 36 36 36 36 36 96 96 36 36 26 36 JE 3 4 26 3 3K 3 3 06 36 3 36 366 K 36 3¢ 3 K 3 3 96 36 4

MOLYBDENUM ANCODE SPECTRUM (MO %)
K¥yP: 40 * XK HVL: .68 MM AL
MM AL ADDED: .Bl %% At EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .5637E+07 PHOTONS/SQ.CM/MR
36362 56 36 3 3 2 3 26 X 236 3 56 3 36 36 3 3 3 25 3 3 3 3 2 36 I3 36 K 3 2K M K

KEVY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .0og00 26.5 .03903
12.5 .00276 27.5 .03740
13.5 .00594 28.5 .33579
14.5 .01096 29.5 .03312
15.5 .01765 30.5 .0313¢0
16.5 .03142 31.5 . 02836
17.5 .24372 32.5 . 02549
18.5 .03965 33.5 .02219
19.5 .11846 34.5 .01882
20.5 .03298 35.5 .01317
2l.5 .03377 36.5 L01153
22.5 .0368% 37.5 00746
23.5 .03836 38.5 .00323
24.5 .03917 3%.5 .00041
25.5 .0388¢6 0.5 .000906

326 X 36 3 36 3 3E 36 3 36 IE I IE 3 36 I I 36 3 3 JE I I I I DE I I B M MM I X I€ 2 I I IE N I I I 2K 3 M
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MOLYBDENUM ANDDE SPECTRUM

KVP: 40
MM AL ADDED:

NORMALIZATICN FACTOR:

¥ X HVL ¢

1.52 %% AL EQUIVALENT (INH):
.7168E+07 PHOTONS/5Q.CHM/MR

.92 MM AL

Mo 52

.60 MM

13.3.32.33.33333333.3333 55500333 3 3 8 0 S R R S R R R 20 0 R 22

KEV

HIVHHO OO EN

]

BN PO TN 3= b et e fd st 0
(S RC 2% RUCRE ZE R0 A0 RO R A0 36 |

NORMALIZED
SPECTRUM

.00000
.00133
.00265
.00583
.01319
.12487
.02591
.09120
02968
.03375
.04026
064586
.04866
.05236
.05371

KEV

[¥33
L
LTIt i o Uiaan

61,

NORMALIZED

SPECTRUM

.05436
. 05337
05200
.04979
.06663
.04166
.03777
.03129
.02628
.01965
.01272
.00492
.00047
.00002
.00002

MHHHHHMMMHHHRN RN MR NE KR AN E AN N RN A KR KR K NNN NN RN

MOLYBDENUM ANODE SPECTRUM

KVP: 45
MM AL ADDED:

NORMALIZATION FACTOR:

* 3% ¥ HVL:

.00 %% AL EQUIVALENT (INH):
.4921E+07 PHOTONS/5Q.CM/MR

.56 MM AL

(M046)

.60 MM

36 3 36 36 D JE I 3¢ 3 3 36 36 € 26 36 3 3 IE 3 36 H 3 6 3 3 5 36 6 I 26 3 3 3 3 6 3 3 H I 3 I 3 3 3 2 3 3¢

KEY

(S RE R R RV RE RNV R L R R RE NS R0, E6 RS JU. G, A% |

27.

NGRMALIZED
SPECTRUM

.00000
L0019z
.00432
.00831
01367
.01954
02651
.0472%
.31187
.04035
.123790
.02658
.02692
.02782
.02810
.02807
.02709
.02616
.02486

KEV

A
~d
AR R A RO RN R RS RO RS N LB R RN RN RS Y]

46,

NORMALIZED

SPECTRUM
02367

.00009

6 € 36 36 2 2 I 36 36 33 I I I 36 36 3 D626 36 I HE 632K I 63626 I I MM HEIEIEH MM H MK MMM X
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MOLYBDENUM ANODE SPECTRUM (M045)

KvP: &5 ¥ HVL: .58 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT C(INH): .60 MM
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .5021E+07 PHOTONS/SQ.CM/MR
XNHRARHR KK EH KKK KX M ER R MR N KRR A KK RN HHR KK E XA RAAKK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 29.5 .01955
12.5 .00407 30.5 .02005
13.5 .00830 31.5 .02061
14.5 .01503 32.5 .02020
15.5 .0238% 33.5 .01985
16.5 .04070 34.5 01906
17.5 .36718 35.5 01807
18.5 .0509%0 36.5 01703
19.5 .16314 37.5 01516
20.5 .00846 38.5 01349
21.5 .00578 39.5 01155
22.5 .00792 40.5 009038
23.5 01012 41.5 00687
24.5 .01187 42.5 00435
25.5 .01388 43.5 00149
26.5 .01583 4.5 00007
27.5 .0177¢4 45,5 .00003
28.5 .01858 46.5 .00004

X*XX**************%*XXXXXXXXXXX%*************XXX*X

MOLYBDENUM ANODE SPECTRUM (Mo17>

Kvp: 50 ¥ 3% HYL: .61 MM AL

MM AL ADDED: .00 *x AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .B464E+(7 PHOTONS/SQ.CM/MR
2636 396 26 36 3636 36 36 3 2636 36 56 3 36 36 36 36 3636 366 3 36 36 34 36 336 5 36 3 I M MR M MK K

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .ogo0e 31.5 .02115
11.5 .00311 32.5 .02016
12.5 .0C600 33.5 .01927
13.5 .01003 34.5 .01832
14.5 .01465 35.5 L01717
15.5 L02033 36.5 .01555
16.5 .02814 37.5 .01460
17.5 .3p272 38.5 ,01353
18.5 .03263 39.5 .01228
19.5 .10942 40.5 .01119
20.5 .02636 41.5 .00883
21.5 .02177 $2.5 009038
22.5 .02313 43.5 00778
23.5 .02434 %4%.5 00662
24.5 .0245¢0 45.5 00536
25.5 .02438 6.5 00426
26.5 02393 47.5 00327
27.5 .02388 48.5 00189
28.5 .02308 49.5 80079
29.5 .02315 50.5 00012
30.5 .02219 51.5 .00005

3333332233333 1333333 3333332833333 3.88.38.2.3.
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MOLYBDENUM ANODE SPECTRUM (MO20)

KYP: 50 XX ¥ HVL: .61 MM AL

MM AL ADDED: .00 ¥ AL EQUIVALENT (INH): .60 MM
MOLYBDENUM FILTER ADDED: .015

NORMALIZATION FACTOR: .54%49E+07 PHOTONS/SQ.CM/MR

3 9663 K 3636 36 3 X XK 36 6 66 36 0 2636 36365 36 X6 36 363636 36 36 36 36 36 36 36 26 36 36 36 6 36 36 36 36 2 36 26 3¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 31.5 .02094
12.5 .00436 32.5 .02067
13.5 .00821 33.5 .02019
14.5 .01347 34.5 .01959
15.5 .01995 i5.5 .018¢67
16.5 .03049 36.5 01753
17.5 .33205 37.5 .01675
18.5 L03719 38.5 .01547
19.5 .1302¢9 39.5 .01442
20.5 .01488 40.5 .01315
21.5 .01874 41.5% .01201
22.5 .01273 42.5 .01044
23.5 .01454 43.5 .00%06
24.5 .014678 64.5 .00770
25.5 L1797 5.5 .00640
26.5 .01898 46 .5 .00498
27.5 .ogz021 47.5 00347
28.5 .02085 8.5 00199
29.5 .02087 49.5 00051
30.5 .02132 50.5 00005

3333333333333 3383338820 22 0222ttty sy

MOLYBDENUM ANODE SPECTRUM (MO21)

KvP: 50 XX% HVYL: .61 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM
MCLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .5453E+07 PHOTONS~SQ.CM/MR
KEEEN KK KRR R RN KKK KRR MR RN N RN KT KRR RN KN MR HEER NN

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .000090 31.5 .01%56
12.5 .00301 32.5 .02005
13.5 .00660 33.5 .01981
14.5 .01168 3.5 .02022
15.5 .01889 35.5 .01971
16.5 .03063 36.5 .01931
17.5 34607 37.5 .01891
18.5 04120 38.5 .01804
19.5 14880 39.5 .01688
20.5 91036 40.5 .01551
2l.5 00460 41.5 .01424
22.5 00626 42.5 .0l281
23.5 00813 43.5 01130
24.5 01025 46.5 .00998
23.5 012490 5.5 .00842
26.5 01369 6.5 .00616
27.5 .01526 47.5 .00448
28.5 .01652 48.5 .00258
29.5 .01788 49.5 .00081
30.5 .01898 50.5 .00006

XXXXX*X**X**XX**XXX*********X**********X*XXX**X*XX
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MOLYBDENUM ANODE SPECTRUM (MO18)

Kvp: 50 * XM HvVL: .39 MM AL

MM AL ADDED: 1.082 *¥x AL EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .75564E+07 PHOTONS/S5Q.CM/MR
3636 36 36 36 36 3 3 36 36 36 36 36 36 56 5636 26 26 36 36 36 06 36 3336 36 26 96 36 36 36 36 36 36 36 3 366 2 3 36 MM H X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM

12.5 .0000¢C 32.5 .03392
13.5 .00154 33.5 .03296
14.5 .00345 34.5 .03129
15.5 .00630 35.5 .02977
16.5 .01192 36.5 .02366
17.5 .15734 37.5 .02652
18.5 .g2107 38.5 .0246¢2
19.5 .08506 39.5 .02239
20.5 .02358 40.5 02036
21.5 .0221¢0 1.5 01767
22.5 .02598 62.5 01615
23.5 .02856 3.5 01403
24.5 .03167 44.5 01162
25.5 03319 45.5 00918
26.5 .0343¢4 §6.5 00711
27.5 .03620 47.5 00495
28.5 .03626 48.5 00245
29.5 .03591 49.5 00046
30.5 . 03557 50.5 00003
31.5 .03538 51.5 00003

**************X**XX%*XXXXKKXXXXXXK*%%X*Q**********

MOLYBDENUM ANODE SPECTRUM (Mo19)>
KVP: 50 ¥* % 3¢ HYL: 1.31 MM AL
MM AL ADDED: 2.03 %% AL EQUIVALENT (INH): .60 MM

NORMALIZATION FACTOR: .9923E+07 PHOTONS/SQ.CM/MR
26 3696 36 36 36 36 36 26 96 3696 66 22 X 3 X MK KKK KKK KK K X K MK NN K X ¥

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 32.5 .06478
13.5 .00047 33.5 .06409
14.5 .00086 34.5 .06251
15.5 .00187 35.5 .06¢162
16.5 .00408 36.5 . 03931
17.5 06252 37.5 .03634
18.5 .01037 38.5 .03407
19.5 .05156 39.5 .03165
20.5 .0151¢6 40.5 .02928
21.5 .01684 41.5 .02667
22.5 .0221¢0 42.5 .02365
23.5 .02621 43.5 .02019
24.5 .03025 44 .5 .01737
25.5 .03418 5.5 .01429
26.5 .03805 46.5 .01060
27.5 .04036 47.5 .00726
28.5 .04303 8.5 .00402
29.5 . 04351 49.5 .00079
30.5 .04462 50.3 .00002
31.5 . 04546 ‘ 51.5 .00001

33333333333 34.33.3 335333333353 20 32Tt 3 s st Sl Lt
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MOLYBDENUM ANODE SPECTRUM ' (M0438)

KypP: 35 X% HYL: .61 MM AL

MM AL ADDED: .00 ¥ Al EQUIVALENT (INH): .60 MM
NORMALIZATION FACTOR: .5624E+07 PHOTONS/SQ.CM/MR
36365 36 36 36 32 3 36 3 36 36 36 36 56 36 36 36 56 36 366 3 5 36 563K K 36 20 26 36 36 36 26 3 M3 3 06 36 K X H X H XK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 33.5 .018790
11.5 .00300 3.5 .01769
12.5 .00556 35.5 .01688
13.5 .00897 36.5 .01587
14.5 L01361 37.5 .01506
15.5 .0187¢ 38.5 .01433
16.5 . 03368 39.5 .01331
17.5 .29531 40.5 .01261
18.5 .03006 41.5 .01181
19.5 .11097 42.5 .011903
20.5 .01919 . 43.5 .0099%
21.5 .01874 4%.5 .00903
22.5 .02031 45.5 .00841
23.5 .02085 6.5 .00754%
24.5 .gz212s 47.5 .00683
25.5 .02167 8.5 .00566
26.5 .02169% 49.5 .00516
27.5 .02154 50.5 .00420
28.5 .02145 51.5 .00325
29.5 02062 52.5 00266
30.5 .02051 53.5 .. 00189
31.5 .0l972 54.5 .00104
32.5 .01928 55.5 .00023

EXKXHMKKNEHHRRENRKAERX KUK M AXXMA XK KRR XKXNKANK

MOLYBDENUM ANODE SPECTRUM (M049)

KVP: 55 K%K HVYL: .91 MM AL

MM AL ADDED: 1.02 ¥¥ AL EQUIVALENT C(INH): .60 MM
NORMALIZATION FACTOR: .8023E+07 PHOTONS/5Q.CM/MR
396 36 56 36 36 3636 3 K 306 396 3 36 3 36 336 26 363K 06 K 36 3606 2626 0 36 36 336 6 36 36 3 336 36 K 36 3 36 3¢ ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 34.5 .02945
13.5 .00154 - 35.5 .02841
14.5 .00308 36.5 .02751
15.5 .0C605 37.5 . .02662
16.5 .01409 38.5 .02497
17.5 .14654 39.5 .02417
18.5 L01940 40.5 .02217
19.5 .08281 41.5 .02159
20.5 .01645 42.5 .01962
21.5 .01861 43.5 .01818
22.5 L02131 4 .5 .01674%
23.5 .02397 t».5 .01555
24.5 02651 46.5 .01385
25.5 .02802 47 .5 .0119¢4
26.5 .02874 48.5 .01082
27.5 .03023 9.5 .00936
28.5 .03155 50.5 .00769
29.5 .03166 51.5 .00650
30.5 .03141 52.5 .00468
31.5 .03158 " 53.5 .0033¢0
32.5 .03104 : 54.3 ,00164%
33.5 .03025 55.5 .00031

13333133333 3332333333333.5.5.333.0 0158038 50 08 R R R 2 L 0 2 8
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4,5,3 EXIT SPECTRA
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4,5.3 EXTIT SPECTRA

TUNGSTEN ANODE SPECTRUM (MW35)

KvpP: 25 M3 HvL: .58 MM AL

MM AL ADDED: .00 % AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 1.59 CM OF LUCITE

NORMALIZATION FACTOR: .4497E+07 PHOTONS/S5Q.CM/MR
MEMMHMHHEMUMN MMM MM MM WEAUK MRS RR A MR KA M EE XN AE XA KX RR RN KN

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
9.5 .0000¢0 18.5 .13766
10.5 .00107 19.5 .15541
11.5 .0p208 20.5 .15448
12.5 .00417 21.5 .13397
13.5 .01157 22.5 .08476
14.5 02625 23.5 L03621
15.5 L05031 2%.5 00914
16.5 .08023 25.5 .00021
17.5 .11243 26.5 .00085

32 TS TS ETEEELT SIS EL IS LSS T

TUMGSTEN ANODE SPECTRUM (MW36)

Kvp: 25 ¥HX HYL: .66 MM AL

MM AL ADDED: .00 xx AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 3.19 CM OF LUCITE

NORMALIZATION FACTOR: ,4908E+07 PHOTONS/SQ.CM/MR
E2 333 3333333333333 333313 3333333333333 .8

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .000090 19.5 .16219
12.5 .00156 20.5 17900
13.5 .00354 21.5 16706
14.5 L01113 22.5 .11282
15.5 .02623 23.5 . 05167
16.5 .05311 24.5 .01298
17.5 .09068 25.5 .00012
18.5 .12789 26.5 00001

3333313333314 333333332 2R e st

TUNGSTEMN ANODE SPECTRUM (MW372

KvP: 25 XXE¥ HvL: .73 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 4.79 CM OF LUCITE

NORMALIZATION FACTOR: .5213E+07 PHOTONS/SQ.CM/MR
SIS IS IS LIS LIRS I LIS LES

KEY HORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 19.5 . 15547
13.5 .00141 20.5 .19088
14.5 L00424 21.5 .19439
15.5 .01330 22.5. 14100
16.5 .03311 23.5 07001
17.5 .06619 24.5 .01869
18.5 .11100 25.5 .00029

LTSI IS SIS IS 233333233233
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TUNGSTEN ANODE SPECTRUM (MW33)

KyP: 25 % H¥L: .80 MM AL

MM AL ADDED: .00 xx AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 6.43 CM QF LUCITE

NORMALIZATION FACTOR: .5558E+07 FPHOTONS/SQ.CM/MR
HHHMKHHHNEHHNRREHN MK K KA RN NRKH MR MK KA R R NN R KR NR

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 19.5 13124
13.5 .00156 20.5 .1818%9
14.5 .00157 2l.5 .21148
15.5 .00534 22.5 .18402
16.5 .01678 23.5 .10507
17.5 .03958 24.5 .038¢42
18.5 .0808¢ 25.5 .00225

133333325333 L2 2R3 RS L b P Yt

TUNGSTEN ANODE SPECTRUM {(MW39)
KVP: 25 % X% % HvL: .71 MM AL
MM AL ADDED: .51 XX AL EQUIVALENT C(INH): .60 MM

PHANTOM MATERIAL: 3.19 CM OF LUCITE

NORMALIZATION FACTOR: .5162E+07 PHOTONS/S5Q.CM/MR
5636 36 6 36 33 36 36 36 H6 36 06 26 36 54 336 3 3363 36 06 36 36 36 3 06 26 36 06 6 36 26 36 6 5 36 3 36 3 o6 X 2 M ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 19.5 .15668
12.5 .0011¢ 20.5 .18802
13.5 . 00224 21.5 19062
14.5 .0p522 22.5 .13751
15.5 .01462 23.5 .06832
16.5 .03563 2.5 .01792
17.5 .070%2 25.5 00026
18.5 .11039 26.5 .00000

3 DE I 3E 6 I 36 36 2 IE D0 IE I I 06 6 3 I 266 3 26 DL D6 6 I6 JE 26 66 2 36 I€ 6 I 26 I3 I MM I MM MK

TUNGSTEN ANODE SPECTRUM (M4 Q)

Kyp:. 25 * 3 % HvL: .82 MM AL

MM AL ADDED: .51 x» AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 6.43 CM OF LUCITE

NORMALIZATION FACTOR: .B671E+07 PHOTONS/SQ.CM/MR

36 36 % J6 36 5636 3 3 36 66626 36 2626 26 X X 2 K M KKK X KK KK 3K K 3606 3 K K 3 3

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 20.5 .18081
14.5 .00139% 21.5 .22562
15.5 .00315 22.5 .19842
16.5 .01123 23.5 .11384
17.5 .03139 2%.5 .03763
18.5 .07057 25.5 .00090
19.5 .12504 26.5 .00500

13333333333 333 3333333053333 L et s et s st g
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TUNGSTEN ANODE SPECTRUM (MW41)

K¥pP: 25 XRX HyL: .58 MM AL
MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 2.63 CM OF POLYSTYRENE

NORMALIZATION FACTOR: ,4505E+07 PHOTONS/5Q.CM/MR
343 26 3636 36 56 6 36 36 36 36 3636 36 23 24 36 26 36 36 56 26 26 6 36 26 36 36 26 36 26 2636 3 34 36 3 22 K MK MM K K

KEV NORMALIZED KEY NORMALIZED

SPECTRUM SPECTRUM
9.5 .00000 18.5 .135290
10.5 .00101 19.5 .15127
11.5 .00193 20.5 .15219
12.5 .00463 21.5 .13399
13.5 .01199 22.5 .08853
14.5 .02685 23.5 .04040
15.5 .05075 24.5 .01¢29
16.5 .079%86 25.5 ,00024%
17.5 .11083 26.5 .00003

336 X 2636 36 36 306 6 26 2626 36 3 26 36 X 2 36 36 36 3€ 36 36 26 2 26 36 36 36 3 3E 26 D€ 36 36 2 HE 36 26 26 2 3 2 M

TUNGSTEN ANQDE SPECTRUM (MWa2)

Kyp: 25 %X % HVL: .67 MM AL

MM AL ADDED: .00 %% AL EQUIVALENT C(INH): .60 MM
PHANTOM MATERIAL: 5.25 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .4951E+07 PHOTONS/SQ.CM/MR
KKK HHH NN HHIN MR MR KA A N AR EHAI AN RERRHEHNNHR RN RKRN

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 . .00000 19.5 .15434%
12.5 .00149 20.5 .17319
13.5 .00423 21.5 .16807
14.5 .01110 22.5 .1225%6
15.5 .02607 23.5 .064052
16.5 .05151 24.5 .01736
17.5 . 086490 25.5 00051
8.5 .12263 26.5 .00000

******X%XXXXXX**XXX***X********X******%XXXXXXXK**X

TUNGSTEN ANODE SPECTRUM (MW%3)
KVP: 25 * ¥ % HyL: .73 MM AL
MM AL ADDED: .00 %% AL EQUIVALENT (INH): .60 MM

PHANTOM MATERTIAL: 7.85 CM OF PCLYSTYRENE
NORMALIZATION FACTCOR: .5245E+07 PHOTONS/SQ.CM/MR
636 36 36 36 56 56 36 6 3 JE 26 36 36 26 3 26 26 36 36 36 36 2 36 36 36 36 36 26 36 4 34 56 56 36 3636 20K 306 0 3 36 6 36 36 2 2 K

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 19.5 .15138
13.5 .00186 20.5 .18018
14.5 .00466 21.5 .19153
15.5 .01357 22.5 .159072
16.5 .03311 23.5 07791
17.5 .06550 2%.5 .02396
18.5 .1045% 25.5 .00102

3333333333223 333 IR L T
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TUNGSTEN ANODE SPECTRUM A (MW44)

KvP: 25 ¥¥% . HVL: .76 MM AL

MM AL ADDED: .51 %X AL EQUIVALENT (IHH): .60 MM
PHANTOM MATERIAL: 7.85 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .540%E+07 PHOTONS/S5Q.CM/MR

36 36 6 36 56 36 36 36 36 36 6 3 36 36 36 36 6 36 36 36 36 36 36 36 36 36 H 26 36 JE 36 6 36 36 6 3 3 36 36 3 36 36 36 3 36 M H

KEVY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 19.5 .14282
13.5 .00142 20.5 .18608
14.5 .00252 21.5 .20677
15.5 .00892 22.5 16664
16.5 .02371 23.5 .08998
17.5 .05160 24.5 .028590
18.5 .0922¢ 25.5 .00079

26 5 3 2 3 5 X 336 3 X 2 2 23 3 0 X 33K I 36 I 3N 2 K 5N K I N KK K % XK K XK K

TUNGSTEN ANODE SPECTRUM (MW453

KVP: 25 ® ¥ HvL: .71 MM AL

MM AL ADDED: .51 ¥x AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 5.25 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .5133E+07 PHGTONS/SQ.CM/MR
3636336 26 6 26 X 36 36 36 6 3 26 96 3696 36 2 36 3 3 36 0 3 3 3 3 3600 30 36K 06 06 26 36 36 36 96 36 36 3 M H KN

KEY .NORMALIZED - .. KEV " NORMALIZED
SPECTRUM ‘ ) SPECTRUM
11.5 .00000 19.5 | .15535
12.5 .00080 20.5 .18254
13.5 .00203 21.5 .18413
14.5 .00595 22.5 .13825
15.5 .01715 23.5 .068690
16.5 .83921 24,5 .01908
17.5 .07340 25.5 .00029
18.5 .11321 26.5 .08001

33626 3 3636 26 3€ 3 96 3 2 26 26 34 36 36 P 6 56 36 36 36 36 36 36 96 36 36 36 06 2 36 36 2 X 2 36 3 36 2 % 26 36 2 36 06 X 36 ¥

TUNGSTEN ANODE SPECTRUM (MilGé)

KvP: 25 XXK HYL: .66 MM AL
MM AL ADDED: .51 %X AL EQUIVALENT (INH)Y: .60 MM
PHANTOM MATERIAL: 2.63 CM OF POLYSTYRENE

NORMALIZATION FACTOR: .4811E+07 PHOTONS/5Q.CM/MR
36 3¢ 36 36 36 36 36 JE 36 3 36 36 36 36 36 36 36 36 3 0 36 36 36 36 36 56 2 M 36 36 36 36 3 6 2 3 XK 36 3 3 56 6 3 366 3 3 H H ¥

KEV NORMALIZED - KEV NORMALIZED
SPECTRUM ~SPECTRUM
10.5 .00000 18.5 .12943
11.5 .00123 19.5 .157%2
12.5 .00193 20.5 .1695¢0
13.5 .00537 21.5 .15597
1.5 .01431 22.5 .10963
15.5 .03257 23.5 .05210
16.5 .06073 24.5 .01625
17.5 .09474 25.5 .00030
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TUNGSTEN ANODE SPECTRUM (MW&7)

KvP: 25 L33 HYL: .69 MM Al

MM AL ADDED: 1.02 *x* AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 2.63 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .5065E+07 PHOTONS/5Q.CM/MR

96 36 36 J6 36 36 36 26 96 96 23 36 36 06 36 06 06 36 36 36 6 36 36 36 36 36 36 36 26 3636 36 26 36 36 3 36 34 36 3 JO MK ¥ 23 K

KEY NORMALIZED KEY NCRMALIZED
SPECTRUM SPECTRUM
11.5 .00000 19.5 .15500
12.5 .00130 20.5 . 17830
13.5 .00260 21.8 .17751
14.5 .00782 22.5 .13145
15.5 .02001 23.5 L 06604
16.5 .04344 2%4.5 .01925
17.5 .07851 25.5 .00053
18.5 .1182¢4 26.5 .00001

3333333333333 3333333333333 33333

TUNGSTEN ANODE SFPECTRUM (MW48)
KVP: 40 H¥X HVL: 1.53 MM AL
MM AL ADDED: .51 %X AL EQUIVALENT (INH}: .60 MM

PHANTOM MATERIAL: 3.19 CM OF LUCITE

NORMALIZATION FACTOR: .9797E+07 PHOTONS/SQ.CM/MR
36 36 36 36 36 36 36 36 36 3 3636 36 56 6 36 36 56 56 36 36 06 36 36 6 26 36 36 6 3600 36 36 36 06 06 36 06 06 06 306 36 36 06 06 2

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 06978
14.5 .00079 28.5 .07129
15.5 .00136 29.5 .07139
16.5 .00321 30.5 .07004
17.5 . 00644 31.5 .06745
18.5 .01064 32.5 .06281
19.5 01721 33.5 05671
20.5 02460 34.5 .05003
21.5 . 03247 35.5 .06216
22.5 .04090 36.5 .03264
23.5 .0g922 37.5 .02146
24.5 .05640 38.5 .00955
25.5 .06228 39.5 .00260
26.5 .08633 40.5 .00020

;13 333.33333333233 3333333333233 35333000 33 R T R S0 R 20
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TUNGSTEN ANODE SPECTRUM (M43

KVP: 40 *xx HvlL: 1.85 MM AL

MM AL ADDED: .51 ¥x AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 6.43 CM OF LUCITE

NORMALIZATION FACTOR: .1099E+08 PHOTONS/S5Q.CM/MR

36 36 36 56 3 3 36 36 36 36 3 36 36 36 36 36 26 06 26 26 26 6 6 06 36 6 96 36 36 26 36 66 26 36 3 06 36 36 36 34 36 3 3¢ 36 36 96 %6 ¥

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
15.5 .00000 28.5 .07469
16.5 .00084% £9.5 07727
17.5 00164 30.35 .07950
18.5 .00344 31.5 .07858
19.5 .00656 32.5 .07590
28.5 .01156 33.5 .07067
21.5 01776 3.5 06395
22.5 .02645 35.5 . 05663
23.5 .03507 16.5 . 04433
26.5 .046529 37.5 .029%6
25.5 .05398 38.5 .01332
26 .5 .06187 39.5 .00378
27.5 .06878 40.5 .00025

3333333 RS R S SRS E SRS SRS TS S 0

TUNGSTEN ANODE SPECTRUM (MW50)

KVP: 40 XAX HVL: 1.93 MM AL

MM AL ADDED: 1.02 ¥ AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 6.43 CM QOF LUCITE

NORMALIZATION FACTOR: .1131E+08 PHOTONS/S5Q.CM/MR
KM MM H NN I MM MM MIH M MM I I DK 02 30 36 3 26 6 MM MM MH KN

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
15.5 00000 28.5 07418
16.5 00067 29.5 07856
17.5 00099 30.5 .08039
18.5 00237 31.5 .08216
19.5 .00488 32.5 .08028
20.5 00906 33.5 07584
21.5 .014642 34.5 06915
32.5 02218 35.5 .05913
23.5 03081 3.5 104749
24.5 064132 37.5 .03188
25.5 .06983 38.5 01439
26.5 .05888 39.5 00393
27.5 06688 40.5 00033

MEAEERARREAR KA NA AR UMM RX KRR A LKA RAR KA KRR XX KN AR
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TUNGSTEN ANDDE SPECTRUM {MW51)

Kyp: 49 H K HvL: 1.65 MM AL

MM AL ADDED: 1.02 =¥ AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 3.19 CM OF LUCITE

NORMALIZATION FACTOR: .1026E+08 PHOTONS/5Q,CM/MR
P33 3 X 06 330 30K 36 3K 36 36 06 3 3 36 26 2 363K 36 3606 M3 6 2 36 606 26 26 K 2626 36 3K K 36 3¢ K K 2

KEWY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 .06990
14.5 .00058 28.5 .07223
15.5 .00080Q 29.5 .07399
16.5 .00189 30.5 .0738%
17.5 .00405 31.5 07137
18.5 00743 32.5 .06698
19.5 01255 33.5 .0619%
20.5 .01897 34.5 .05556
21.5 L02660 35.5 .06693
22.5 .03548 36.5 03717
23.5 064437 37.5 .02505
24.5 .05212 38.5 .01177
25.5 .05953 3%.5 .00341
26.5 .06512 0.5 .00033

€ 3€ 3 3 3€ 3 I 3 3 3 3 M3 36 3K 3 3426 36 3 D6 M DI 300 MBI I HE 0 M I I B M I M MK e

TUNGSTEN ANODE SPECTRUM (M523

KVP: 40 ®XKE HvL: 1.85 MM AL

MM AL ADDED: 2.03 x AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 3.19 CM OF LUCITE

NORMALIZATION FACTOR: .1100E+08 PHOTONS/SQ.CM/MR
HRNKHAEREAE KU RA RN MU ARRNERRE R AR AN AR REXREER KRR A AR R R

KEV NORMALIZED KEV MORMALTZED
SPECTRUM SPECTRUM
15.5 .00000 28.5 .07453
16.5 00085 29.5 .07880
17.5 .001¢64 30.5 .07947
18.5 00332 31.5 .07842
19.5 .00681 32.5 .07665
20.5 .01160 33.5 .07175
21.5 .01818 34.5 .064612
22.5 02625 35.5 .05523
23.5 .03467 36.5 .04339
24,5 .04408 37.5 .029386
25.5 .053¢62 38.5 .01285
26.5 .06172 39.5 00350
27.5 .06897 40.5 .00029

(2333333323323 R332 33233333 LIS TSI LSS 33
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TUNGSTEN ANODE SPECTRUM (MW53)

KVP: 40 ¥ 3 ¢ HVL: 2,06 MM AL

MM AL ADDED: 2.03 »x AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 6.43 CM OF LUCITE

NORMALIZATION FACTOR: .1179E+08 PHOTONS/SQ.CM/MR

96 3636 36 26 36 36366 26 26 63 33 36 3632 36 36 36 HE I 326 3 333 HH KKK MM KK X X K

KEV NORMALIZED KEV NORMALIZED
SPECTIRUM SPECTRUM

16.5 .00000 29.5 .08095
17.5 .00040 30.5 .08410
18.5 00127 31.5 .08586
19.5 .00241 32.5 .08741
20.5 00577 33.5 .08298
21.5 .00913 34.5 .075812
22.5 .01664 35.5 .06687
23.5 02389 36.5 .05296
24.5 . 03378 37.5 .03377
25.5 . 04441 38.5 .01504
26.5 .05366 3%.5 00346
27.5 .06494 0.5 .00011
28.5 07436 41.5 .00066

36 26 36 36 26 36 2 2 3 36 36 I€ 26 26 36 36 36 36 36 26 2 6 € 36 26 36 2636 3 HE 26 I I I 2K 26 6 6 3 3 2 32 M M M N K

TUNGSTEN ANODE SPECTRUM (MW54)

KYP: 490 33 % HVL: 1.52 MM AL

MM AL ADDED: .B1 %% AL EQUIVALENT (INH): .60 MM

PHANTOM MATERIAL: 5.25 CM OF POLYSTYRENE

NORMALIZATION FACTOR: .9745E+07 PHOTONS/5Q.CM/MR
26 36 26 36 26 26 26 6 96 4 96 3K 96 36 36 26 26 96 36 26 6 26 6 96 3K K 36 36 96 36 36 36 26 36 26 36 96 36 36 36 36 36 26 3 96 36 X

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 .06979
14.5 .00086 28.5 .07151
15.5 .00154 29.5 .07076
16.5 .08332 30.5 .06953
17.5 .00669 31.5 .06677
18.5 Q1115 32.5 .06182
19.5 ".01799 33.5 .05701
20.5 .02528 34.5 .04978
21.5 .03338 35.5 .04139
22.5 .04131 36.5 . 03247
23.5 04944 37.5 .02119
24.5 .05622 38.5 .00920
25.5 .06212 39.5 .00252
26.5 06672 40.5 .00020

36 3 € 36 3 36 3 3 I€ I I I 3 € HE I 3 I I 3 I 3 I I 3 I€ JE M I A K I 3 I I M I I 6 3 3 M I I I H K
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TUNGSTEN ANODE SPECTRUM (MW55)

KVP: 40 23 HVL: 1.646 MM AL

MM AL ADDED: 1.02 %X AL EQUIVALENT (INH): .50 MM
PHANTOM MATERIAL: 5.25 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .1022E+08 PHOTONS/S5Q.CM/MR
KK A KKK I K KKK MK KKK KN KM KK KK H KK

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 67033
14.5 00027 28.5 07327
15.5 00086 29.5 07448
16.5 00196 30.5 07366
17.5 .00403 31.5 07071
18.5 .00779 32.5 06694
19.5 .01331 33.5 06185
20.5 01957 34.5 .05493
21.5 .02751 35.5 04647
22.5 03612 36.5 .03601
23.5" 04383 37.5 .02422
24 .5 .05291 38.5 01084
25.5 05940 39.5 .00297
26.5 06555 40.5 .00022

*****X*XX*X*****X**************%*****X****ﬁ*******

TUNGSTEN ANODE SPECTRUM (MW56)

KVpP: 40 %% % HVYL: 1.69 MM AL

MM AL ADDED: .51 xx At EQUIVALENT (INH): .60 MM
PHANTOM MATERTAL: 7.85 CM OF POLYSTYRENE
NORMALIZATION FACTOR: ,1042E+08 PHOTONS/SQ.CM/MR
KM NHHM R HMMNH AR KA KIS AR KA ER R R KK AR HHA KRR KA RH KK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
14.5 .Q0000 28.5 07266
15.5 00071 29.5 .07438
16.5 00170 30.5 .07449
17.5 .00321 31.5 .07263
18.5 .00660 32.5 .06958
19.5 .01120 33.5 .06383
20.5 .01792 34.5 ,057180
2l.5 .02531 35.5 .04853
22.5 . 03441 36.5 .03848
23.5 .04210 37.5 .02665
24 .5 .05078 38.5 .01213
25.5 .05781 39.5 00361
26.5 .06440 40.5 .00033
27.5 .06947 %41.5 .00002

HERME K MMM NNRERE NN N EEE RN R MMM MR A RN R RN AR RHAR N
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TUNGSTEN ANQODE SPECTRUM (MW57)

KVP: 40 X% X% HVL: 1,80 MM AL

MM AL ADDED: 1,02 %% AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 7.85 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .1081E+08 PHOTONS/SQ.CM/MR
MHEXKMHNARE KSR EUN KA NI ARKKAN KA REKRAERNKR AR KRR H KRR

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
14.5 .00000 28.5. .07426
15.5 .00066 29.5 .076%1
16.5 .00089 30.5 07777
17.5 .00200 31.5 .07648
18.5 .00420 32.5 .07340
19.5 .00798 33.5 .06839
20.5 01321 34.5 .06243
21.5 .02008 35.5 .05288
22.5 .02883 36.5 .04222
23.5 .03771 37.5 . .02918
24.5 04674 33.5 .01330
25.5 .05504 39.5 .00387
26.5 .06264 40.5 .00037
27.5 .06856 41.5 .00001

**X*XX*;XXX*X**XX*XX***XX*XXXXX*K*X**XXXXXX**X**X*

TUNGSTEN ANODE SPECTRUM (MW58)

KVP: 40 X X% HVL: 1.43 MM AL‘ S
MM AL ADDED: 1.02 %% AL EQUIVALENT C(INH): .60 MM
PHANTOM MATERIAL: 2.63 CM OF POLYSTYRENE '

NORMALIZATION FACTOR: .9595E+07 PHOTONS/SQ.CM/MR
26 26 36 3636 36 K 536 J6 26 56 56 36 36 36 26 36 36 26 26 06 34 36 36 6 3636 56 36 36 36 3606 36 36 26 06 06 06 36 36 36 06 36 M K 26 26 3¢

KEV NCRMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 27.5 .06941
13.5 00068 28.5 .07029
14.5 00117 29.5 .07003
i5.5 .00213 30.5 .06879
16.5 .00389 31.5 .06380
17.5 00765 32.5 .06083
18.5 .01246 33.5 .05418
19.5 .01939 34.5 . 04508
20.5 .02680 35.5 .04148
21.5 .03468 36.5 .03126
22.5 .04208 37.5 .02112
23.5 .05049 38.5 00976
2.5 .05644 39.5 .00282
25.5 .06236 40.5 .00026
26.5 06666 1.5 .00001

XXXXXKX*XXXXXX**XX*XXXXXXX*KX***X*XX*******X******
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TUNGSTEN ANCDE SPECTRUM (MW59)

KVP: 40 %% % HvL: 1.35 MM AL

MM Al ADDED: .51 %% AL EQUIVALENT (INH}: .60 MM
PHANTOM MATERIAL: 2.63 CM OF POLYSTYRENE
NORMALIZATICN FACTOR: .906CE+07 PHOTONS/SQ.CM/MR
HERHXKNXKERKKENNKE RN KENRRENKNENXHE R NN RN NN KRN KN KRN

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 27.5 .06734
13.5 .006081 28.5 .06737
14.5 .00153 29.5 .06599
15.5 00381 - 30.5 .06294
16.5 .00693 31.5 .06031
17.5 01253 32.5 .05435
18.5 01836 33.5 . 04925
19.5 02614 34.5 . 04381
20.5 03293 35.5 .03589
21.5 04063 36.5 .02804
22.5 04756 37.5 .01885
23.5 05380 38.5 .00855
24.5 06007 39.5 .002¢64
25.5 .06402 40.5 .00022
26.5 .06551] 1.5 .00001

133.3.3.33.3.3.33.333.3.3.33.33333.323.5.5.3.35.33.3833 8233222882280

TUNGSTEN ANODE SPECTRUM (MW78)

KvP: 335 X3 % HVL: 2.99 MM AL

MM AL ADDED: .00 %% Al EQUIVALENT (INH): .68 MM
BEAM SHAPING FILTER: .13 MM OF LA

PHANTOM MATERIAL: 4.79 (M OF LUCITE

NORMALIZATION FACTOR: .1572E+08 PHOTONS/SQ.CM/MR
3636 3 3 36 36 3 36 3 36 5 3 36 06 36 36 36 X 36 3036 26 3 36 36 36 36 36 36 3 36 26 3 36 4 36 36 36 23 X 36 6 36 3 96 2 X ¢

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
19.5 .000090 38.5 07136
20.5 .00064 39.5 .014649
2l.5 .00164 40.5 .01541
22.5 .00296 1.5 .01689
23.5 .00498 42.5 .01871
26.5 .00855 43.5 .020390
25.5 .01284 4%.5 .02124
26.5 .01784 45.5 02107
27.5 .02395 46.5 .02085
28.5 .03009 7.5 .02124
29.5 .03777 48.5 .01962
30.5 .04532 49.5 .01847
31.5 .05177 " 50.5 .01655
32.5 .05893 51.5 .81360
33.5 .06626 52.58 .0l025
34.5 . 06996 53.5 .00586
35.5 .07551 54.5 .00145
36.5 .079590 55.5 .00008
37.5 .08402 6.5 00001

******X*****X***X*XK!*X*XX**KXX*%*XXX*X*XXXXX*****
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TUNGSTEN ANODE SPECTRUM (MW7 92

Kvp: 55 R X HvlL: 2.87 MM AL

MM AL ADDED: .00 »x AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: .13 MM OF LA

PHANTOM MATERIAL: 5.25 CM OF POLYSTYRENE

NORMALIZATION FACTOR: .1529E+08 PHOTONS/SQ.CM/MR
36 36 36 36 H6 36 36 36 36 36 206 3 3 3636 36 36 36 06 06 36 06 36 36 36 36 36 3 % 3 2 34 36 33K 36 06 26 D6 06 ) K 3 % %

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
18.5 .000090 37.5 .080¢02
19.5 .00061 38.5 .06863
20.5 00109 39.5 .01356
21.5 .00255 0.5 .0145¢4
- 22.5 .004353 " 41.5 .01636
23.5 .00684 42.5 L01744
26¢.5 .01098 %3.5 .01840
. 25.5 .01558 44 .5 .01%06
26.5 .02078 45.5 .01943
27.5 .02742 6.5 .01973
28.5 .03347 47 .5 .0191¢9
29.5 .04030 48.5 .0178%
30.5 .04730 49.5 .01711
31.5 .05453 30.5 .01486
32.5 .06003 31.5 .01259
33.5 L06631 52.5 .00971
34.5 .07020 - 53.5 .00547
35.5 . 07450 54.5 .00153
36.5 .07759 55.5 .00008

3636 3 3626 % 26 I6 36 3626 I 3 JE 3¢ 3 M 36 36 36 36 J6 36 3K I 0636 36 36 I 36 D 36 D6 I BE I 26 MK 3 3 342 36 MK

TUNGSTEN ANODE SPECTRUM (MBS

KVP: 40 %% ¥ HVL: 1.40 MM AL

MM AL ADDED: .00 %x AL EQUIVALENT C(INH): .60 MM
BEAM SHAPING FILTER: 13 MM OF SH-

PHANTOM MATERIAL: 5.25 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .8747E+07 PHOTONS/S5Q.,CM/7MR
133313 I3 3 i i i i3 3.2.5.3.3.3.

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
14.5 .00000 28.5 .15097
15.5 .00097 29.5 .02684
16.5 .00146 30.5 .0090%4
17.5 .00384 31.5 .01141
18.5 .00825 32.5 L01373
19.5 01577 33.5 .01541
20.5 . 02584 34.5 .01639
21.5 .04018 35.5 .016090
22.5 .05682 36.5 .01428
23.5 .07583 37.5 .gr1oel
24.5 . 09646 38.5 .00641
25.5 .11206 39.5 .00119
26.5 .12924 40.5 .00008
27.5 .16543 41.5 .0000L .

EUEE A NE R XA EN RN R R ERRK RN EAX KN RRARRR XK RNRRRRER
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TUNGSTEN ANODE SPECTRUM (MW815

KVP: 40 L33 HYL: 1.48 MM AL

MM AL ADDED: .00 *x AL EQUIVALENT (INH): .60 MM
BEAM SHAPING FILTER: .13 MM OF SN

PHANTOM MATERIAL: &.79 CM OF LUCITE

MORMALIZATION FACTOR: .9100E+07 PHOTONS/5Q.CM/MR
2636 36 36 % 3 36 36 36 3 366 96 6 36 6 36 26 6 36 26 36 36 96 36 366 D66 36 26 2636 26 2 36 3 36 36 36 6 26 36 36 3 6 6 4 6 ¢

KEY NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
15.5 .00000 28.5 .16332
16.5 .00117 29.5 .02876
17.5 .60206 30.5 .01620
18.5 .00489 31.5 , 01298
19.5 .01025 32.5 .0159¢0
20.5 .01904 33.5 .01830
21.5 .03162 3¢.5 .02007
22.5 .046840 35.5 .01963
23.5 06717 36.5 01736
24.5 09060 37.5 .0l1z242
25.5 .11274 38.5 .00515
26.5 .13309 39.5 .00142
27.5 .15340 40.5 .0000¢6

3333333333332 EIESTIEIFTLSTEI SIS S
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MOLYBDENUM ANODE SPECTRUM (MO31)

Kyp: 30 * %% HvL: .56 MM AL

MM AL ADDED: .00 %x AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 1.59 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .4436E+07 PHOTONS/SQ,CM/MR
36 56 3636 26 96 6 36 26 2696 26 26 36 06 26 26 966 J 06 26 36 36 36 36 36 26 26 363K 3 36 36 36 36 6 36 26 36 26 06 26 36 06 6 26 36 6

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 21.5 .01509
12.5 .00238 22.5 .02062
13.5 .00666 23.5 .02503
1%4.5 .01534 26.5 .02761
15.5 .03100 25.5 .02%929
16.5 .06497 26.5 .02745
17.5 . 36435 27.5 .02183
18.5 .10456 28.5 .01332
19.5 .23305 29.5 .00384
20.5 .01342 30.5 00037

38 36363656 36 36 36 3 33696 6603 K D36 3 H MK 3656 36 36 336 3 3 3 326 36 3 3 336 36 3636 X 2
MOLYBDENUM ANODE SPECTRUM (M032)

KvP: 30 HHK HYL: .63 MM AL

MM AL ADDED: .00 xx AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 3.19 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: ,4883E+07 PHOTONS/S5Q.CM/MR

36 36 36 36 36 36 3636 36 36 36 3 36 26 26 36 36 36 36 4 36 36 36 36 36 36 36 36 36 26 6 36 36 36 36 36 36 3 26 26 K 36 96 236 6 %

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 22.5 .02783
13.5 .002590 23.5 .03603
14.5 .00665 24.5 .046255
15.5 .01609 25.5 .06681
16.5 .03888 26.5 . 04525
17.5 .27679 27.5 .0378%4
18.5 .09839 28.5 .02352
19.3 .25512 29.5 .00713
20.5 02028 30.5 .00077
21.5 .01947 31.5 .0000¢
$3.3.3.33.3333.3 333333333 EESTESE LS
MOLYBDENUM ANODE SPECTRUM (MO033)
KVP: 30 * X% Hvi: .71 MM AL
MM AL ADDED: .00 %x AL EQUIVALENT (INH): .60 MM

PHANTOM MATERIAL: 4.79 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .03¢

NORMALIZATION FACTOR: .5412E+(7 PHOTONS/SQ.CM/MR
3636 36 36 36 2 3 36 36 36 36 X 2 36 56 56 3 3 36 36 36 3 336 56 3 365K 3 XK MK M MMM HH KKK KKK NN K

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 22.5 .03513
13.5 .00123 23.5 .04833
14.5 .082990 24.5 .06037
15.5 .00819 25.5 L0676
16.5 .02411 26.5 .06871
17.5 .19479 27.5 06177
18.5 .08278 28.5 .03993
19.5 .26541 29.5 .01273
20.5 02134 30.5 .00157
21.5 .02272 31.5 .00001

3636 26 6 36 3 36 36 36 36 26 36 6 6 36 D6 36 36 36 36 36 96 36 36 6 26 6 6 6 36 6 36 3 3 36 36 3¢ 3¢ 4 36 6 26 36 36 o 36 26 %
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MOLYBDENUM ANCDE SPECTRUM (MG34)

KVP: 30 X ¥ HVL: .81 MM 4L

‘MM AL ADDED: .00 *x AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 6.43 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: ,6011E+C7 PHOTONS/SQ.CM/MR
RENKHEEHR N AR E R AN AR MR M MEN AN U AA R KNSR UK AN ER NN KK

KEV NCRMALIZED KEY NORMALIZED
SPECTRUM : SPECTRUM

13.5 .00000 - 22.5 .06153
14.5 .00131 23.5 .06023
15.5 .00644% 2%.5 .07536
16.5 .01410 25.5 .08867
17.5 .12676 26.5 .09752
18.5 .063565 27.5 .08702
19.5 .21675 28.5 .05727
20.5 .020390 2%.5 .0177¢0
21.5 .02641 30.5 .00199

065 6NN MMM MMM MK MK MR KM IR MM RN NHN R RN A RE N KK

MOLYBDENUM ANODE SPECTRUM ‘ {(M03%)

KypP: 30 * XX HVL: 70 MM AL

MM AL ADDED: .00 % AL EQUIVALENT (INH): .60 MM

PHANTOM MATERIAL: 7.85 CM OF POLYSTYRENE
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FAGTOR: .5317E+07 PHOTONS/S5Q.CM/MR

X 36 3 36 36 36 3 3 36 363 36 636 9 MM 663 MMM K MM KM MMM BN KKK M NN MK K XK HK

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 22.5 .03447
13.5 .00130 23.5 .04624
14.5 L00311 26.5 .057090
15.5 .00957 25.5 . 06428
16.5 .02639 26.5 .06578
17.5 .20719 27.5 .05713
18.5 . 08646 28.5 .03627
1%.5 .24722 29.5 .01164
20.5° .02263 30.5 .00121
21.5 .02209 31.5 .00000

ENMAENE R KRR KN R KN HRMME RN KRR M HERMRMMEHR KR HRHAAK

MOLYBDENUM ANODE SPECTRUM ' (M036)

KyP: 30 %% % HVL: .63 MM AL

MM AL ADDED: .00 xx% AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 5.22 CM QF POLYSTYRENE
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .4862E+07 PHOTONS/SQ.CM/MR
RIS E SIS IIIEL LSS LTRSS ES TSI ELL TR

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .ogoo00 22.% .02681
13.5 .00233 23.5 .03451
14.5 .00696 24.5 .04129
15.5 01717 25.5 .04464
16.5 .03925 26.5 .04616
17.5 .28133 27.5 .03823
18.5 .09705 8.5 .02425
19.5 .25412 29.5 .00793
20.5 .02083 30.5 .00080
21.5 .01842 31.5 .00000

LSS SITSEERSIE SST ISR 232222 23
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MOLYBDENUM ANODE SPECTRUM (Mo37)

Kyp: 30 * K% HVL: .57 MM AL

MM AL ADDED: .00 xx AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 2.60 CM OF POLYSTYRENE
MOLYBDENUM FILTER ADDED: .G30

NORMALIZATION FACTOR: .4443E+07 PHOTONS/5Q.CM/MR
56 36 36 36 M 6 26 6 36 36 3 26 26 36 36 36 26 36 36 24 6 26 26 36 26 36 36 6 36 36 26 26 26 26 26 36 26 6 36 26 36 36 36 36 36 36 3¢ 3 3¢ €

KEV NORMALIZED KEV NORMALIZED
) SPECTRUM SPECTRUM
11.5 .000¢0 21.5 .01435
12.5 .0025¢0 22.5 .01916
13.5 .00633 23.5 .02417
14.5 .01506 2.5 .02711
15.5 .03067 25.5 .02810
16.5 .05612 26.5 .02677
17.5 .35211 27.5 .02194
18.5 .10191 28.5 .013490
19.5 23646 29.5 .00413
20.5 .01918 30.5 .00050

32 EEEE SIS IS 2322822225233 33 3.32.3.3.3.3.2

MOLYBDENUM ANODE SPECTRUM (M0O38)

KVP: 30 ¥ 5 HvL: .61 MM AL

MM AL ADDED: .00 »% AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 2.60 CM OF POLYSTYRENE
NORMALIZATION FACTOR: .4838E+07 PHOTONS/SQ.CM/MR

36 36 36 36 36 56 6 636 3 K 2626 06 36 0636 26 36 26 56 3636 36 36 36 36 6 K 36 6 6 3 36 26 36 36 3 36 36 36 36 36 36 6 36 2 3 36 X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
18.5 .00000 21.5 .05960
11.5 .00133 22.5 .05922
12.5 .00358 23.5 .0578%
13.5 .00764 24.5 .05488
14.5 .01642 25.5 .06712
15.5 .02819 26.5 .03897
16.5 .04640 27.5 .02720
17.5 .25691 28.5 01461
18.5 .06788 29.5 .00359
19.5 .149%967 30.5 .00033
20.5 06060 31.5 .00062

336 36 56 3 36 36 56 36 56 26 36 2 26 26 3 36 3636 36 36 2 36 3 36 3¢ 36 36 3 36 36 336 2 36 3 36 36 36 36 36 36 36 36 .96 36 3 3 X
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MOLYBDENUM ANODE SPECTRUM (Mo42)

KvP: 40 HH K Hvit: 1.06 MM AL

MM AL ADDED: .00 %X AL EQUIVALENT (INH): .60 MM
PHANTOM MATERIAL: 4.79 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .8295E+(7 PHOTONS/SQ.CM/MR
3656 36 36 36 36 56 26 36 36 36 26 56 26 36 36 36 36 6 36 6 3 36 26 2 36 26 36 6 36 6 3 36 36 36 36 36 36 I 36 D 36 3 36 3 5 3 3 36

KEV NORMALIZED KEV NORMALIZED
SPECTRUNM SPECTRUM
12.5 .000090 27.5 . 04838
13.5 .00052 28.5 .05404
14.5 .00118 29.5 . 05887
15.5 00296 30.5 .06294
16.5 01003 31.5 . 06405
17.5 039284 32.5 .06390
18.5 026465 33.5 .06229
19.5 10638 36.5 . 05736
20.5 00633 35.5 05130
21.5 00801 36.5 06083
22.5 01281 37.5 02996
23.5 01873 38.5 01609
24.5 026190 39.5 00275
25.5 03393 0.5 006004
26.5 04098 1.5 00001

50



MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW 82

KVP: 30 3% HYL: .66 MM AL :

MM AL ADDED,: .51 %% MM OF BE INHERENT: 1.00
PHANTOM MATERIAL: 3.19 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .4984E+07 PHOTONS/SQ.CM/MR
336 36 36 36 36 36 36 3 26 96 56 363 36 36 36 6 36 36 36 36 36 36 3 3 36 36 34 36 3K 2 36 96 2 6 XK 26 26 K 3 X 9 K e

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 21.5 .02595
l2.5 .00137 22.5 .03672
13.5 .00319 23.5 . 04691
14.5 .00835 24.3 .05359
15.5 .02173 25.5 . 05672
16.5 04471 26.5 .05303
17.5 .21514 27.5 .04097
18.5 .11681 28.5 01933
19.5 .22263 29.5 .006484
20.5 .02932 30.5 .00019

36 36 3636 36 36 36 36 36 0 36 36 3E 2 2 26 3 36 36 36 2K IE IE 36 IE I I I IE I 26 36 3626 I 36 DI 626X 2 2 X MMM N K

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW 92

KVP: 30 HAX HvL: .74 MM AL

MM AL ADDED,:. .51 %% MM OF BE INHERENT: 1.00
PHANTOM MATERIAL: 4,79 CM OF LUCITE
MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .5576E+07 PHOTONS/SQ.CM/MR
336336 36 33 % X 36 36 56 36 36 36 56 6 6 3636 36 6 36 36 36 3 2 36 3 3 36 36 26 36 36 36 36 56 36 36 36 36 3 3 36 36 24 36 3¢ %

KEV NORMALIZED KEV NORMALIZED
SPECTRUM - SPECTRUM
12.5 .oeo00 22.5 .06477
13.5 .00157 23.5 .5915
14.5 .00375 . 24.5 .07188
15.5 .01642 25.5 07991
l6.5 .02663 26.5 07931
17.5 .15021 27.5 .06730
18.5 .09345 28.5 .03390
19.5 .20827 29.5 .00952
20.5 .02937 30.5 .00052
21.5 .03¢008 31.5 .00000

363 3 3 3 2 32 2 5 3 36 3 2 3 3 236 3 5 IE 36 3 3K 36 36 I 3K 3 I XK 36 3 3 2 26X 2K KK 3K
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW11)

KVP: 40 ¥ 3 3% HVL: .93 MM AL

MM AL ADDED,: .51 %X MM OF BE INHERENT: 1.00
PHANTOM MATERIAL: 3.19 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .7536E+07 PHOTONS5/5Q.CMs/MR
H36 3K KK I KKK KM KKK KK KKK K KK 2K ) 3K KK 6 6656 3 2

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 27.5 .045470
13.5 .08106 28.5 .05047
14.5 .00253 29.5 .05338
15.5 .00655 36.5 .05579
16.5 .01440 31.5 .05607
17.5 .12202 32.5 .05472
18.5 .04006 33.5 .05238
19.5 10630 34.5 .04804
20.5 .01841 35.5 .04220
21.5 .01003 36.5 .03492
22.5 .0152¢% 37.5 .02631
23.5 .02155 38.5 .01592
24.5 .02771 39.5 .00416
25.5 .03605 0.5 .00021
26.5 .04003 41.5 .ag604

333356 3 X 2 33K X 2 M 2 33 36 2 M I I 3 I3 MK 2 I I I M I I N M I N KM

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOWI1Z)

KVvP: 4 * % X HVL: 1.22 MM AL

MM AL ADDED,: .51 %X MM OF BE INHERENT: 1.00
PHANTOM MATERTAL: 4.79 CM OF LUCITE

MOLYBDENUM FILTER ADDED: .030

NORMALIZATION FACTOR: .9063E+07 PHOTONS/5Q.CM/MR

3 3336 3 X 3 X 3 3 K3 KK M K ;NN KK K MK KKK, KK MK NN KX XK A K

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
12.5 .000080 27.5 .05082
13.5 .00048 28.5 .05691
14.5 .00106 2%.5 .06303
15.5 .00260 ‘ 30.5 . 06640
16.5 00658 31.5 .06771
17.5 .06160C 32.5 .06798
18.5 .0242% 33.5 .06587
19.5 .07417 34.5 .06212
28.5 01334 35.5 .05453
21.5 .008%7 36.5 .04627
22.5 .01386 37.5 .03506
23.5 .02095 38.5 .02216
24.5 .02778%9 3%.5 .00638
25.5 .03524% 40.5 .00029
26.5 .06365 1.5 .000902

P33 XK I3 2 I XK XK K 3K X XK I M KKK K KK K K I DM H KA KK K KKK KK
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOWZ203

KVP: 40 R H HYL: 1.25 MM AL

MM AL ADDED,: .51 %% MM OF BE INHERENT: 1.00
PHANTOM MATERIAL: 4.79 CM OF LUCITE

NORMALIZATION FACTOR: .8771E+07 PHOTONS/SQ.CM/MR

6 96 36 36 36 6 6 36 JEE 36 36 36 36 26 36 36 3656 2 3336 2 I 36 36 926 3 2 36 36 36 3 2 2 X XK X 26 X 3 XM 3¢ K

KEV. NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 27.5 06223
13.5 .poge2 28.5 .0640¢0
14.5 .00110 29.5 .06351
15.5 . 00246 30.5 .06079
16.5 .0059%99 31.5 05793
17.5 .064320 32.5 .0533¢0
18.5 .01645 33.5 .04924
19.5 04602 34.5 .06326
20.5 .02710 35.5 .03696
21.5 .03301 36.5 03006
22.5. .04075 37.5 .02306
23.5 04724 38.5 .01416
24.5 05333 39.5 .00421
25.5 .05769 40.5 .00015
26.5 .06213 41.5 .00002

1333333333333 3332333332l bttt

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW21)

KVP: = 49 ¥ % 3 HVL: 1.42 MM AL

MM AL ADDED,: .51 X% MM OF BE INHERENT: 1.00
PHANTOM : 6.00 CM OF WHITE BREAST MATERIAL
NORMALIZATION FACTOR: .9462E+07 PHOTONS/SQ.CM/MR
9696 D636 2696 36 36 36 96 96 36 36 36 36 96 3 36 36 36 3636 3 36 36 36 36 3 36 36 26 36 36 X 9 3636 36 6 36 36 K 96 6 K K

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 .06679
14.5 .00059 28.5 .06691
15.5 .00120 29.5 .06749
16.5 .00371 30.5 .06767
17.5 .02504 31.5 .06426
18.5 .01159 32.5 .06065
19.5 .03441 33.5 . 05484
20.5 .02107 34.5 .04973
21.5 .02901 35.5 .04190
22.5 .03654 36.5 .03424
23.53 .04517 37.5 . 02534
24.5 .05252 38.5 .014890
25.5 .05815 39.5 .0032¢4
26.5 .06305 40.5 .00007

3333331333333 3010383333018 .3.3.5.3.3.3.3.3.2.3.3.2..3.2 3
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MCLYBDENUM-TUNGSTEN ANODE SPECTRUM (Mowzz)

KYP: 40 ¥ HyL: 1.70 MM AL

MM AL ADDED,: .51 ¥x MM QOF BE INHERENT: 1.00
PHANTOM : 8.0C CM OF WHITE BREAST MATERIAL
NORMALIZATION FACTOR: .1054E+08 PHOTONS/5Q.CM/MR
HHHHHHHMUHHMH MM A RHMIERR K KRN ERH R AR KR YRR KR A A AN KR KX

KEVY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
14.5 .006000 28.5 .07012
15.5 .00038 29.5 .07341
16.5 .00136 30.5 .07455
17.5 .00925 31.5 .07264%
18.5 .00556 32.5 .0704a7
19.5 .01877 33.5 .06486
20.5 .01341 34.5 06074
21.5 .01992 35.5 .05226
22.5 . 02865 36.5 .06314
23.5 .03639 37.5 .03255
24.5 .04554% 38.5 .01928
25.5 .05403 39.5 .0068¢4
26.5 .0617% 40.5 .0000¢
27.5 66606 %1.5 .0000GC

*********X*X**!*X*XXXXXXXX*XX*XXXXKXXXXXXXXXXXXXXX

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW23)

KVp: 40 %34 HyL: 1.10 MM AL

MM AL ADDED,: .51 %x MM OF BE INHERENT: 1.00
PHANTOM : 4.00 CM OF WHITE BREAST MATERIAL
NORMALIZATION FACTOR: .8096E+07 PHOTONS/5Q.CM/MR
SIS IFSITEISFFF LI LIS TLEIL TSI T

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 26.5 .05865
12.5 .00067 27.5 .05871
13.5 .00i21 28.5 .05925
14.5 .00229 29.5 .05664
15.5 .00440 30.5 .05483
16.5 .01028 3l.5 .05108
17.5 .06397 32.5 .048825
18.5 .02184% 33.5 .04385
19.5 .05712 34.5 .03832
20.5 .03103 35.5 .03273
21.5 .03776 36.5 .02655
22.5 . 04363 37.5 .02008°
23.5 .04939 38.5 .01276
26.5 .05329 39.5 .00422
25.5 .05698 40.5 .00018

3333333333333 333353 223223 222 SRRt 2

94



MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW28)

KvP: 40 * %% Hv¥t: 1.26 MM AL

MM AL ADDED,: .51 %% MM OF BE INHERENT: 1.00
PHANTOM : 5.00 CM OF WHITE BREAST MATERIAL
NORMALIZATION FACTOR: .8829E+07 PHOTONS/SQ.CM/MR
EEKUXXRKKXEARAKEAKAN AR KRR KK A MK KR XN KR KRN KRN XK KRN K

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
12.5 .00000 27.5 06280
13.5 .00055 28.5 .06295
14.5 .00108 29.5 .06366
15.5 .00265 30.5 .06136
16.5 .00573 31.5 .05916
17.5 .04101 32.5 .05500
18.5 .01583 33.5 .04965
19.5 04491 34.5 . 04404
20.5 .02629 35.5 .03806
21.5 .03338 36.5 .03036
22.5 .03998 37.5 .02272
23.5 .04763 38.5 .01405
24.5 .05375 3%.5 .00360
25.5 . 05846 40.5 .00009
26.5 06123 4l.5 .00002

636 3 3, 3 H 2 3 3 € 3 I HE K I H K K 3 K I 2 I I 3 MK KX KX KK ;I KX KK M K

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW30)

KVP: 40 X% % HVL: 1.54 MM Al

MM AL ADDED,: 1.52 %% MM OF BE INHERENT: 1.00
PHANTOM MATERIAL: 4.79 CM OF LUCITE

NORMALIZATION FACTOR: .9900E+07 PHOTONS/SQ.CM/MR
33626 36 33 3 3 06 3 36 3 33 3 6 26 3 3 3 36 38 36 36 3 26 36 2 3 2 3 X0 3 2 3 2 X K XK ¥

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 .06790
14.5 .00039 28.5 07079
15.5 .00096 29.5 .07210
16.5 00261 30.5 .07087
17.5 .01619 31.5 . 06867
18.5 .00854 32.5 .06546
19.5 .02652 33.5 .05954
20.5 01772 34.5 .05374
21.5 .02511 35.5 . 04544
22.5 .03374 36.5 .03677
23.5 .04299 37.5 .02615
24.5 .05034 38.5 .01353
25.5 05724 39.5 .00261
26.5 .06400 40.5 .00009

E33.3.3.3.3.55.3.3.3.2.3. 3333338322220 2 338332332 3.23233133 321
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW31)

KvP: 40 % HYL: 1.56 MM AL

MM AL ADDED,: 1.52 ¥x MM QF BE INHERENT: 1.00
PHANTOM : 5.00 CM OF WHITE BREAST MATERIAL
NORMALIZATION FACTOR: .1001E+08 PHOTONS/SQ.CM/MR

36 56 3 36 36 36 96 3 3 3 3656 3636 2636 6 36 33 3 236 33636 26 26 2 36 36 3 36 34 36 36 3 3636 2 M MK H MK K

KEY NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 27.5 .06720
14,5 .00035 28.5 .07016
15.5 .00092 29.5 .07159
16.5 .00230 36.5 J07134
17.5 .01567 31.5 .06964
18.5 .00786 32.5 .06615
19.5 ., 02553 33.5 .06137
20.5 .01683 36,5 056441
21.5 .02455 35.5 04741
22.5 .03292 36.5 03771
23.5 L, 04090 37.5 .02751
24.5 04903 38.5 01593
25.5 05669 39.5 00361
26.5 .06251 40.5 00012

F2636 363 3 36 3 56 3636 5656 6 5 36 26 36 36 6 2636 36 3696 36 36 JE 36 36 336 36 9636 26 36 3 3 2 3 X 3 6 X K K

MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW33)

Kyp: 50 ¥ 3 HVL: 2,02 MM AL

MM AL ADDED,: 1.52 %% MM OF BE INHERENT: 1.00
PHANTOM : 5,00 CM OF WHITE BREAST MATERIAL
NORMALIZATION FACTOR: .1254E+08 PHOTONS/SQ.CM/MR

36 3¢ 36 34 3¢ € 36 3 36 96 36 36 36 36 36 36 36 26 3 36 34 96 3 3663 366 26 36 36 K H 3 M M MK MM KM H N KKK

KEV NORMALIZED KEWY NORMALIZED
SPECTRUM SPECTRUM
13.5 .00000 32.5 .05017
14.5 .00033 33.5 05063
15.5 .000650 36.5 .04929
16.5 .00127 35.5 .36872
17.5 .g0l1020 36.5 04728
18.5 00400 37.5 .06518
19.5 01554 38.5 .06236
20.5 .00885 39.5 .03985
21.5 .01229 40.5 .03704
22.5 01722 1.5 .03449
23.5 02251 42.5 .03094
26.5 .02753 43.5 .02726
25.5 .03280 44.5 .02364
26.5 .03670 5.5 .01955
27.5 .04014 46.5 LO1557
28.5 .06398 47.5 .01094
29.5 .08655 68.5 .00629
30.5 . 04875 49.5 .00148
31.5 .05009 50.5 .00006

t3.3.33.3331333333 33383333853 830 2 22 ettt Rl t
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MOLYBDENUM-TUNGSTEN ANODE SPECTRUM (MOW34)

Kvp: 5g ¥ % HVL: 1,99 MM AL

MM AL ADDED,: 1.52 xx MM OF BE INHERENT: 1.00
PHANTOM MATERIAL: 6.79 CM OF LUCITE

NORMALIZATION FACTOR: .1246E+08 PHOTONS/S5Q.CM/MR
P36 363656 36 3 3 3 36363 3 06 2626 2 96 36 6 6 36 36 3 3 336 3 3 3 3 36 36 KK K 36 36 26 3 36 3 2 2 36 X % %

KEV NCRMALIZED KEV NORMALIZED
SPECTRUM SFECTRUM
13.5 .o0o0000 32k 04978
14.5 .00036 33.5 .04962
15.5 .00055 34.5 .04932
16.5 00144 35.5 .06834
17.5 .01064 36.5 .06628
18.5 .00418 37.5 .064666
19.5 .01620 38.5 .04161
20.5 .00893 39.5 .03956
21.5 .01278 40.5 .03715
22.5 01772 41.5 .03379
23.5 .02286 42.5 .03045
24.5 .02811 43.5 .02722
25.5 .0329%1 46 .5 .02341
26.5 .03718 5.5 .D1996
27.5 . 04065 46 .5 .01553
28.5 .06414 47.5 .01132
29.5 .04681 8.5 .00686
30.5 . 04823 49.5 .00175
31.5 . 04957 50.5 .00011

36 D€ D 3 IE I 3€ 2 3 56 I€ 6 3 IE K I I I I H 36 36 DE I I D I 6 36 36 26 3 I 6 D6 I 3 2 I 2 3 26 26 36 26 I I 26 3¢
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4,5.4 RSI SPECTRA
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4.5.4 RSI SPECTRA

RSI TUNGSTEN ANODE SPECTRUM (RSI 1)
KvP: 30 5% % % Hyt: .36 MM AL
MM AL ADDED: .00 %% AL EQUTYWALENT (INH): .50 MM

NORMALIZATION FACTOR: .3795..37 PHOTONS/SQ.CM/MR
2636 26 26 6626 KM I N MK KX MWK MMM MMM HH K923 2 226 63696 26 3 26 26 ¢

KEV NORMALIZED REv NCRMALIZED

SPECTRUM SPECTRUM
5.5 .00000 18.5 .07582
6.5 .00080 | 19.5 .07465
7.5 .00108 20.5 .07192
8.5 .00283 21.5 .06832
9.5 .01552 22.5 .06332
10.5 .01225 23.5 .05774
11.5 .02941 24.5 .05163
12.5 .03078 25.5 .06409
13.5 .04321 ¢6.5 .03650
14.5 . 05414 27.5 .02876
15.5 .06364 28.5 .01979
16.5 .07058 29.5 .60900
17.5 .087379 30.5 .00039

3232333323333 3333333333333 3233323333303 83.3.

RSI TUNGSTEN ANODE SPECTRUM (RSI 2)

KvP: 30 X% HvL: .60 MM AL

MM AL ADDED: .51 xx AL EQUIVALENT (INH): .50 MM
NORMALIZATION FACTOR: .5020E+07 PHOTONS/SQ.CM/MR

96 26 56 36 36 96 6636 3696 6 2 26 96 36 36 56 36 I 33626 36 26 3 26 6 6 06 3K MMM HH KX KN XA KN X ¥

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
8.5 .00000 20.5 .08475
9.5 .00128 21.5 .08646
10.5 .00202 22.5 .08190
11.5 .00592 23.5 .07798
12.5 .00972 24 .3 .07123
13.5 .01880 25.5 .06359
14.5 .03088 26.5 .0B3s2
15.5 .04661 27.5 04226
16.5 .085774 28.5 .02958
17.5 06880 29.5 011990
18.5 .07661 30.5 .00027
19.5 .0820¢4 31.5 .00002

t 3333 T3S ISSILLIEINITSSESI LIS TRE ST LT L
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RSI TUNGSTEN ANODE SPECTRUM (RSI 3)

Kyp: 30 ¥ 3 % HVL: .75 MM AL

MM AL ADDED: 1.02 *x AL EQUIVALENT (INH): .50 MM
NORMALIZATION FACTOR: .5741E+07 PHOTONS/SQ.CM/MR
363636 226 36 36 3 56365036 2 X 06X 6 2626 X 36 26 3636 26 26 26 36 36 3 36 36 36 X 32 23 2 X 3 K % X

KEV NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
9.5 .o0000 20.5 .087080
10.5 .80057 21.5% .0%100
11.5 .00172 22.5 .09387
12.5 .00321 3.5 .09169
13.5 .00745 26.5 .08587
14.5 .01511 25.5 .07968
5.5 .02646 26.5 .06837
16.5 .03943 27.5 .0551¢
17.5 .05359 28.5 .03823
18.5 .06705 29.5 .01554
19.5 .07881 30.5 . .00021

36 36 36 36 26 H 26 36 36 36 36 36 I 26 36 26 36 3F 36 JE 066 I HE MMM MM M MMM MMM MK KK

RSI TUNGSTEN ANODE SPECTRUM (RSI 4)

Kyp: 30 X %% HVL: .86 MM AL

MM AL ADDED: 1.52 ** AL EQUIVALENT (INH}: .50 MM
NORMALIZATION FACTOR: .62647E+07 PHOTONS/SQ.CM/MR
KR HAH NN KN NI HN XXMM MK NN AN A A NN NN MK R H N R X RN NN KN K

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 21.5 .09482
11.5 .00082 22.5 .09997
12.5 .00083 : 23.5 .10042
13.5 00320 24.5 .09856
14.5 .00737 25.5 09152
15.5 .01453 26.5 .08242
16.5 02649 27.5 .06754%
17.5 .04055 28.5 .04587
18.5 .05592 29.5 .01501
19.5 .0706%9 30.5 .00005
20.5 .08341 31.5 .00001

*****X*X%**XX**XXX*XXX***%*XXX**%*X*KXX%X**%**X*X*
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RSI TUNGSTEN ANODE SPECTRUM (R$I 5)

KVP: 40 ¥ ¥ % HVL + 84 MM AL
MM AL ADDED: .00 %% AL EQUIVALENT (INHD: .50 MM

NORMALIZATION FACTOR: .4822E+07 PHOTONS/3Q.CM/MR
3636 36 36 36 3 36 363636 2 5 336 36 36 336 36 5 36 36 2606 5 3K 3 26 36 36 36 36 36 36 36 36 56 36 26 36 26 26 36 5 0 ¢ 34 X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
5.5 .000¢00 23.5 .05014
6.5 .00071 24.5 04726
7.5 .00073 25.5 .04498
8.5 .00204 256.5 04227
9.5 .01149 27.5 .03978
10.5 .00850 28.5 . 33649
11.5 .01931 29.5 .03351
12.5 .01903 30.5 .0311¢0
13.5 .02745 31.5 02777
14.5 .03512 32.5 .02470
15.5 .04175 33.5 .02216
16.5 .04754 34.5 .01894
17.5 .05135 35.5 .01596
18.5 .054612 36.5 .01293
19.5 .05478 37.5 .00965
20.5 .054%67 38.5 . 00603
21.5 .05331 39.5 00167
22.5 .05215 490.5 .00010

2333331333333 331333333333 33302303223t e Rttt

RSI TUNGSTEN ANODE SPECTRUM (RSI 6)

KVP: 48 % ¥ HvL: .80 MM AL
MM AL ADDED: .51 %% AL EQUIVALENT (INH): .50 MM

NORMALIZATION FACTOR: .6662E+07 PHOTONS/SQ.CM/MR
3636 36 36 3 34 36 06 306 30 0 3 56 336 34 34 36 JE 36 36 54 3636 3 36 0606 34 36 2K 36 06 3K 3 I M M 0K K 2 3 3¢

KEY NORMALIZED KEV NORMALIZED

SPECTRUM SPECTRUM
8.5 .o0000 25.5 .05587
9.5 .00072 26.5 .05364
ie.5 .00082 27.5 .05046
11.5 .00305 283.5 .04770
12.5 .005090 29.5 .04467
13.5 .00959 10.5 .04220
14.5 .01596 3l.5 .03777
15.5 .02428 32.5 L03677
16.5 .03202 33.5 .025974
17.5 .03923 34.5 .02729%
18.5 .04553 35.5 .02238
19.5 .05101 36.5 .01813
20.5 . 05461 17.5 01376
21.5 .05649 38.5 .00832
22.5 .05759 39.5 .00252
23.5 . 05727 40.5 .00007
24.5 .05690 1.5 .00005

MENNN KRN NR MG MMM N MM MMR MM RNMNNH KA KRR N RN RNHHERK AKX
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RSI TUNGSTEN ANODE SPECTRUM (RSI 7)

KVP: 40 E$ 33 HVL: 1.04 MM AL
MM AL ADDED: 1.02 %x AL EQUIVALENT (INH): .50 MM

NORMALIZATION FACTOR: .7775E+07 PHOTONS/SQ.CM/MR
36366 3 36 06 36 3 06 56 6 06 36 36 36 36 26 06 6 06 36 36 2 06 36 26 6 36 36 26 36 3 3 3 32 36 6 36 K 36 6 36 X K X

KEVY NORMALIZED KEV . NORMALIZED
SPECTRUM SPECTRUM
10.5 .00000 26.5 .05966
11.5 .00104 27.5 .05786
12.5 .001490 28.5 .05523
13.5 .00318 29.5 .05272
14.5 .00669 30.5 .04953
15.5 .01229 31.5 .06616
16.5 .01889 32.5 .06207
17.5 .02630 33.5 .03755
13.5 L03370 34.5 .03319
19.5 .046120 35.5 .02868
20.5 .08767 36.5 02377
21.5 .0522% 37.5 .01827
22.5 .05653 38.5 .01215
23.5 .0584% 39.5 .00455
24.5 .059¢1 0.5 .00009%
25.5 .05%40 4l.5 .000603

36 3€ 36 56 36 3 36 3 36 I 3 I 336 2 3 3 2 3 3 2 3 I X 3 I I 36 X 33 23 I XK K3 MK I KK KM

RSI TUNGSTEN ANCDE SPECTRUM (RSI 8)
KvP: 40 ¥ % Hyt: 1.22 MM AL
MM AL ADDED: 1.52 %x AL EQUIVALENT (INH): .50 MM

NORMALIZATION FACTOR: .8571E+07 PHOTONS/SQ.CM/MR
3626 3 26 36 32 2 K 36X 3203 I 23K I XK KK KKK KM XK KKK X K X K 2 3 K K K X

KEV NORMALIZED KEV NORMALIZED
SPECTRUM SPECTRUM
11.5 .00000 26.5 .06213
12.5 .00078 27 .5 .06249
13.5 .00129% 28.5 .06099
14.5 .00275 29.5 .05877
15.5 .00646 30.5 .05576
16.5 .01112 . 31.5 .05263
17.5 .01712 32.5 .04857
18.5 .0247¢6 33.5 . 84379
19.5 .03201 34.5 .03961
20.5 .04027 35.5 .03352
21.5 .06676 36.5 .02772
22.5 .05185 37.5 .02163
23.5 .05658 38.5 .01444
24.5 .05979 39.5 .00483
25.5 .06149 40.5 .00008

3366263 2 I I 23 3 I I IE I D63 I I 0360 IE 2 I 3226 303 K HE I N MK KM MR N AKX
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RSYI TUNGSTEN ANODE SPECTRUM (RSI %)

KVP: 50 *AX HVL: 1.26 MM AL

MM AL ADDED: 1.02 %% AL EQUIVALENT (INH): .50 MM
NORMALIZATION FACTOR: .9432E+07 PHOTONS/SQ.CM/MR
336 3 3 36 56 3 3 96 36 36 36 3 36 56 36 6 3 266 36 2 X MK MK MK H KM KK MM AN H KK

KEV NORMALIZED KEVY NORMALIZED
SPECTRUM SPECTRUM
10.5 -.00000 31.5 .04139
11.5 .00071 32.5 03962
12.5 .00097 33.5 03744
13.5 .00213 36.5 .03578
14,5 .00443 35.5 .03623
15.5 .007990 36.5 .03209
16.5 .0123¢ 37.5 .03011
17.5 .01736 38.5 .02811
18.5 .02258 39.5 .02599
19.5 .0278¢0 40.5 .02402
20.5 .03221 41.5 .02186
21.5 .03626 2.5 .01951
22.5 .04022 43.5 01733
23.5 .042190 4.5 .01511
24.5 .04439 5.5 .01288
25.5 L0%463 6.5 .01049
26.5 .04516 47 .5 .00817
27.5 . 046523 48.5 .00543
28.5 .04500 49.5 .00247
29.5 .06345 50.5 .00013
30.5 .04303 51.5 .00065

$33.3333333 3333333333333 b33 s R R R R bt bt 2 bt 0

RSI TUNGSTEN ANODE SPECTRUM (RSI10)

Kyp: 50 3 % % HyL: 1.50 MM AL

MM AL ADDED: 1.52 %x AL EQUIVALENT (INH): .50 MM
NORMALIZATION FACTOR: .1044E+08 PHOTONS/SQ.CM/MR
3636 336 3 3 3 36 34 36 36 36 26 36 3 3606 36 3 36 36 06 J6 36 36 36 36 36 36 36 36 26 6 366 I K X K H R A K

KEV NORMALIZED KEV NCRMALIZED
SPECTRUM SPECTRUM
11.5 .000080 31.5 .06499
12.5 .00051 32.5 .04360
13.5 .00086 33.5 .04211
14.5 .00175 34.5 .06006
15.5 .00364 35.5 .03805
16.5 .00652 36.5 .03584%
17.5 .061081 37.5 .03414
18.5 .01548 38.5 .03157
19.5 .02052 39.5 . 02946
20.5 .02570 40.5 .02731
21.5 .03089 41.5 . 02444
22.5 . 03492 2.5 .02213
23.5 .03885 43.5 .01974
24.5 .04169 4%.5 .01745
25.5 .04671 45.5 .01453
26.5 , 04543 46.5 .0118°0
27.5 .04659 47.5 .008438
28.5 .04681 48.5 .00507
29.5 .04663 49.5 L00111
30.5 .04615 50.5 .00003

MMM NNN NN NIN W MMM NI M MMM N MMR N NN NN N H MMM HHOEHNHRH KX N H A K
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RSI TUNGSTEN ANORE SPECTRUM (R5I11)

KV¥p: 50 M % HvL: 1.71 MM AL
MM AL ADDED: 2.03 %X¥ AL EQUIVALENT (INH): .50 MM

NOGRMALIZATION FACTOR: ,1127E+C8 PHOTONS/SQ.CM/MR
3636 36 6 26 36 36 36 H 60K 36 MK 306 I MK MK HK MM MA MU KRN K MMM H KK

KEV NORMALIZED KEY NORMALIZED
SPECTRUM SPECTRUM
12.5 .0g0000 2.5 . 04556
13.5 .0005¢4 33.5% .0448¢
14.5 .00101 - 34.5 .06272
15.5 .00178 35.5 .04159
16.5 .00366 36.5 .03950
17.5 .00670 37.5 03742
18.5 .0l1¢027 38.5 .03683
19.5 .01525 39.5 .03216
20.5 .02014 0.5 .03028
21.5 .32528 41.5 . 02798
22.5 .03004 2.5 .02469
23.5 .03476 63.5 .02192
26.5 .03829 44,5 .01959
25.5 .04139 45.5 01671
26.5 . 04435 46 .5 01336
27.5 046610 47.5 .01029
28.5 04703 48.5 .00649
29.5 .04719 49.5 .00204
30.5 .04769 50.5 .00003
31.5 .04655 51.5 .00003

3333335333353 33333333333 3353353 33338358 8.3.8.3.3
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