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SR GRAPHIC MACHINES

Apphca,tmn Mareh 18 1940 Serml No 324 564
' (01 250—-—65) '

-6 Cla;lms

(Granteﬂ lmder the act of March 3, 1333 a._s -

| o amenﬂed ADI'II 30, 1928 370 0. G 757)
| The mventmn descmbed herein ‘may be manu-

factured and used by or for the. Government for

governmental purposes mtheut the payment to

me of any royalty thereon

This invention relates generally te the meas—-_

urement.of radiant energy, but more partlculer—

1y to a method and means for calibrating X-ray
meehmes by .the comparison of the densities of
uphotogre,prlc film areas which have been exposed
1o the tube of-a machine used -as a standard and

to the tube of the machine being calibrated.

One obJect of -the -invention is to prov:.de 2
ce,hbretmg devme whleh 1s: snnple in construction
and mode of operation, accurate in 1ts mdlce.-
ticns and inexpensive to-build. |

‘Another. eb;leet of the mventlen' is ‘to provide

| ﬁ_a, calibration method and. apparatus which can
be used with -all types of X-ray machines, in-
_reludmg shockproof. equipment, as no attach-
ments to-the machines are necessary.

a calibrating device for the-comparison of. X~Tay

D

Flg 1 is e tep plan v1ew of the eahbretlng de— '_ :
Vlce - |
Fig. 2'is a sectlemzed eleve,twn taken en the |
line 2—2 of Fig. 1, showing the operative position
of the device w1th respect to an X-ray tube and

the relative location and arrangement of. the L

- mask and film for obtaining desired exposures;

TFig, 3 1is a sectionized elevation taken on the

""lme 3—-—-3 of Fig. 1, .shewmg the 11d of the ple;te"'
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Another cbject of the invention is to prewde'

holder in- open pogition; |

Fig. 4 is a plane view of e mask used in ob-
tammg a series of equally timed exposures ab
VELIIOHS current strengths from the tube of anl-

- X-ray machine used as a standard;
15

Fig. 5 is g plan view of a mask used in ebtam- |
ing & cempa,retwe expesure frem the tube of 2

--mechme belng calibrated.

Fig. 6.1s a plan view of a film used for calibrat—

ing, which shews expesed segments. mth the cor-

respondmg voltages used and also an eXposed

- central portion.

machines regardless of wave shape or peaks, and

one which permits the transfer of radiographic

technique from one:machine to another with a

‘minimum of factor changing.

25

Another object of the invention- 1s to prowde |

a-calibrating device adapted to furnish in multi-
~ ple a photographic record showing densities' cor-
- responding to-a. series-of ‘energizing voltages fur-

" nished from -an. X-ray machine used as a stand-

ard, and to Whlch ether meehmes may be com-

| fpared

In- eddltlen te the ebeve obJects relet.mg to the
uee of the device for calibrating X-ray machines,
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1t should also be noted that the calibration de-

- vice may be used for the following purposes: | |
Determining the relative kilovoltage required to

~ produce equal illumination of various internsify-

;mg screens;. -

-Matching screens in a cassette to ebta,ln those
effectmg equal intensification: |
| Checkmg saturatmn pomt of develomng eelu-
-tmns

Plottlng the e -101eney of One Reentgen-ray tube
-egamst another; and

45

‘Comparing the - -emulsion . speeds ef varlous-.

~ types and makes of films.
With -these and other obJeets in v1ew thls

_-mventlen consists in certain novel details.of con-

'_dwated by snnﬂer reference cha,ractere—-- -

Briefly stated, the eallbratwn dewce eomprlses :

-8 mask support or block i whleh is. mounted upon o

a cassetie or plete holder 2. |
The mask support i eonelsts of en alummum-

‘block provided with an upper circular counter-

sunk surface 3 adapted for the reception of

either of two circularly-shaped lead dlaphragms_ -
or masks designated by the numerals 4 and 9.

The. plate holdér 2 upon which the mask sup—_ R

port | is mounted comprises a boxlike structure N
having a top 6, transparent to X-rays, said top

being.attached at its edges to a rectengular frame

1 which forms the side walls of the plate. he]der
ﬂe,s well as asupport for a bottom or 1id 8.

The rectangular frame T is surmounted by. par— |

fallel supporting strips 9 and 10, to which - the
-~ mask support | is ettached These strips sepa-~
-~ rate the mask support or Block | a slight dis-
40

tance from the plate holder 2, and thus provide |
a space between the block 1| and the upper sur-

face of the top'6, for the insertion of one or-more
filters 19 as shown in Big. 2.
“formed of rectangular ‘sheets- -0f copper-of ‘suffi-

These filters ‘are

cient ‘thickness (about 0.5 mm) 1o effect the

desired occlusion of X-rays.

On the inner surface'of the-top:6- and- ef the

- 1id 8 of the plate holder 2 are attached intensi-
~ fying screens 11 and 12, between which is placed

50
struction combination and-arrangement of parts -
o _whlch will be more fully described and claimed.

| Referrmg more particularly to the aecempany- .

ing drawing in which- eorrespendmg parts are 111-: 55

2. photographic film 20 (Fig. 2). When the lid
is closed upon the film it is clemped in thls posi-
tion by resilient clamping members 3 and: i4, |
which are plvete,lly attached to the lid and which

are adapted to engage. islots 21 formed adjacent '

the-edges of the- reetangule,r frame 1. The.plate




holder 2, Wthh is shown in connection with

mask support I, is of the type usually used with

X-ray apparatus and is provided with calcium
tungstate intensifying screens between which the
film is retained.

In the operation of the device the

chine which is used as a standard, so that the
film will be a predetermined distance from the

focal point of the tube 15, asz shown In Fig. 2.

The mask 4, shown in Fig. 4, which is provided

~ with an open segment 16 extendmg through an
are of 45°, is then placed within the circular

countersunk portion 3 of the surface of the mask
15

block 1, so that the open segment lies between

T

calibration
block is placed beneath the X~ ~ray tube of a ma-

10
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that four segmental film charts are made in
accordance with the technique set forth in the
above table. After exposure of the central por-
tion of such of these film charts on the uncali-
brated machine under like conditions of time and
distance, the densities of the central portion ol

each of the charts is compared with the respec-

tive surroundmg segments as 1illustrated in
Fig. 6.

‘Assuming, for example, the central circular
portions of the film charts mateh in density the

' corresponding surrounding segments as follows:

- Chart No. 1, central portion matches segment

adjacent radially marked lines 22 which are
- spaced at 45° intervals around the circumference

of the countersunk portion. - The
- posed to the radiation of the tube for a predeter-

- mined period, and at a fixed voltage. After the

- completion of this exposure the mask is then ro-
tated through a 45° angle and the film again ex-

posed to the radiation of the X-ray tube for the

same period of time but at another voluage. Ex-
posures are thus made in like manner until the
mask is entirely rotated through 360°, thus pro-
ducing an exposed annular strip made up of eight
segemental exposures which show film densities
corresponding to the voltages used in the ener-
gization of the tube, as shown in Fig. 6.

-The densities as 111ustrated in Fig. 6 were ob-
tained within a Kkilovoltage range of from 690 to
74 kv. (peak) through an added filter of 0.5 mim.
of copper with the following factors: Distance
60’’: milliampere-seconds 60. |

After thus exposing the segments around the
entire periphery of the countersunk suriace of
the mask support I, the segmental mask 4 is re-
moved from the block | and the annular mask b
then inserted within the countersunk opening 3.
The calibration device is then removed to the
machine to be tested, and the central portion of
the film exposed through the circuiar opening

exposed at 44 kv.;
Chart No. 2, central portlon matches segment
exposed at 48 kv.;

Ch N
film is then ex- - art No. 3, central portion matches segment

exposed at 66 kv. (see Fig. 6) ; and

Chart No. 4, central portion matches segment

20

25 |

20

exposed at 84 kv.;

then these kv. points or markings, 44 48, 66 and
84, can be marked as calibration pomts on the -
machine being calibrated, and intermediate grad-
uations can be inserted by interpolation.

To promote accuracy in the comparison of ex-
posure densities, it has been found by experiment

that cassettes provided with intensifying screens

should be used. The use of these screens render
o more definite contrast scale, particularly at
hicher ranges. If the standard machine is not
always near at hand, several films can be exposed,
removed and replaced again in the plate holder

- or cassette when needed.

30
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(8, at a distance of 60’” and for 60 milliampere-

seconds as in the former case. From a compari- 4

son of the densities of the exposed portion of
the film, it will then be seen that iie unknown
peak is about 66 kv., since the segmental exposed
portion of the film which is nearest In density
to the central portion is the one which was ex-
posed at 66 kv., as shown in Fig. 6. It will thus
be seen that in the use of the device one portion
of the film is used for a series of e€Xposures on
o machine whose calibration is known, and which
may be graduated in either kilovolts or simply
marked by buttons. (It will be noted that the
accuracy of determination of the calibration of
the “known” machine 1s not necessarily vital.
The final result will be in terins of this machine
and can be used by exact duplication of roznt-
genographic work, regardless of the actual Kilo-
voltage of either machine.) Three exposures of
the type mentioned above are enough to chart
the average machme for any milliamperage. EX-
periments have shown that the following tech-
nique renders good results:

Voltage range Distance | Ma- Additional
(2 kv. (peﬂ,k) steps) | inches { sec. filtration
Chart No. 1__| 30 to 44 kv, (peak) 20 | 100 | None.
Chart No. 2__1 44 to 58 kv. (peak)_ 20 30 Do.
 Chart No. 3__| 60 to 74 kv. (peak)._ 60 60 | 0.5 mm. Cu.
Chart No.4__| 76 tu 90 kv. (peak). 60 30 | 1.0 mim. Cu.

1 .

~ For pﬁrposes of illustra,tion, it will be assumed

50

60

65

70

5

The filtration used depends tpon the densities
of the film required so that proper contrast will
be seen between the various exposed areas. It
was found by experiment thal a mask holder
formed of an aluminum block having a thickness

of approximately 2 cm. could be used alone with

lower voltages, such as from 30 to 58 kv. (peak).
A filter comprising a sheet of copper having a
thickness of 0.5 mm. was added to the aluminum
block for voltages from 60 to 74 kv. (peak).
Better contrast was obtained in the the voltage
range of 76 to 90 kv. (peak), when a copper fiiter
having a thickness of 1 mm. was placed under
the aluminum block. The Kilovoltage increment
between steps was takenas2kv. (peak). Since the
block has eight comparison divisions of 45° each,
this allows a range of 16 kv. (peak) per film. In-
terpolation between two of the voltage setlings
proves satisfactory. Setfings can be obfained for
use with the high milliamperage or ‘“fiash” tech-
nique. Comparative film can be made up, slight-
ly varying the exposure to permit the exact mil-
liamperage and time used for chest technique,
In this method of calibration by comparison
as set forth herein, known and unknown ex-
posures are made upon contiguous areas of the
same film. 'This eliminates differences in dark
room technique and variations in densifties which
might be caused by difference in film. Agitation
of the film during development is desirable, but
it is- found in practice that failure to do this
does not affect the results seriously. Reader
error, which is the personal equation in the read-
ing of the seftings and the operation of the
equipment, is less than with the sphere-gap
method. The calibration block as described
above can also be used to define eight densities
on the known machine and eight on the un-
known machine, on two halves of the same film.
This gives a greater range than the first method
described, but the densities are not as easily com-




2 258 593

pared and the agitation of the film during de-
velopment is much more important.

Although the above description relates primari- |

Iy to the comparison of the roentgenographic

‘performance of two Roentgen-ray machines, the
. mmethod and device described are not limited to

ot

this specific type of apparatus, but may be . used

for comparing the relative 1nten31tles of any two

emission sources of radiant energy which are

-capable of produolng 9, photoeleotrm eﬁ?oct on

energized film.

a

of time and dlsta,nce to determme COT respondmg
voltages for like densities on the machme bemg_ |

~calibrated.

4. An apparatus for oallblatmg roentgeno—-.

| graphlo macinines, by comparison of their photo- .
~graphic effects under conditions of equal ex-

posure periods with increasing degrees of ener-

- gization, comprising a cassette adapted to retain

10

It is obvious that many ohanges may be made" '

in the method and construction herein set forth

- without in any way departing from the material

principles of the invention. It is not, therefore,

desired to confine the invention to the exact form

“herein shown and described, but it is desu“ed to
- include all forms which come w1th1n the soope of
the appended claims. |

Having described my mventlon Wha,t I olalm '

as new and wish to secure by Letters Patent is:
1. An apparatus for oahbl ating roentgeno-
graphic machines by oompomoon of their photo-

graphic effects, comprising a cassette adapted to

- retain a photographic film, exposing means com-

- brising a mask support mounted above said cas-
sette and spaced therefrom to form a filter sup-
port, said mask support being formed with an

o)
|

a photographlo film, exposing mesns comprising a

mask support mounted above said cassette, and

formed with an upper circular countersunk sur- -

face, a circular dlso-shaped mask formed with an
eccentrically spaced exposure aperture, adapted
to be rotatably mounted within said countersunk

surface to form an annually arranged group of

exposed areas of increasing photographic densi- -
ties upon said film when the same is exposed to

X-rays for equal perlods of time at increasing =

" degrees of intensity, and a circular dzso-shapod

20

‘mask formed with a centrally located ex posure
~ aperture, said latter disc being adapted to be
‘mounted within said countersunk surface to form

a centrally located exposed area ad_;acont to and

- surrounded by said annula.r group of exposures

upper circularly countersunk surface, a circular

disc-shaped mask formed with an eooentmoally )
being

| -adapted to be rotated within said countersunk -
- surface to form an annular group of sectors ex- |
| posed to X-rays for equal time periods at differ-

-~ Spaced exposure aperture, said mask

ent degrees of energlza,tlon a circular disc-
shaped mask formed with a centrally located ex-

posure aperture, said latter disc being adapted

5 of increasing densities.

b. An apparatus for oahbmtmg roentgeno- B

‘graphic machines with respect to different de-
- grees of energization by comparison of their pho-

togr aphic e

ects with equally timed exposures

comprising g, oassette adapted to retain a photo-

- graphic film, exposing means comprising a mask

- to be mounted within said countersunk surface

to form a centrally looated area. adjacent the sec-

tors within said annular group adapted to be ex- 4
- posed to another source of X-rays at a period
equal " to the exposure pt‘:"'l-Od of sald a,nmﬂar_

- group.-

2. A niothod for oahbratmg the voltage va,lues '-

of Roontgen—ray machines, consisting in produc-

ing a series of photogra,ph_lo film exposures of in-
- creasing density, at corresponding increasing
voltage strengths, and under similar exposure

conditions of time and distance, with a Roentgen-
- ray machine used as a standard, and ma,tohmﬂ*

~ photographic film exposures made under like con-

45

-~ support mounted above said cassette and spaced
- therefrom to form g filter support, said mask sup-
- port being formed with an upper circular coun-

tersunk surface, a circular disc-shaped mask

formed with an eccentrically spaced exposure =
- aperture adapted to be rotatobly mounted within |

said countersunk surface to form an annularly

arronged group of substantlally voussoir shaped

exposed areas of increasing photographic densi-

ties upon said film when the same is exposed to
X-rays for equal periods at varying degrees of
Intensity, and a circular disc-shaped mask formed
~with a centrally located exposure aperture, said-
latter disc being adapted to be mounted within

- said countersunk surface to form g centrally lo-
;oatod exposed area, adjacent to and surrounded
by said annular group of e}cposures of moreasmg

ditions with a machine being calibrated to ob-.

~ tain the corresponding voltages effectmg like pho- -

- tographic densities, |
3. An apparatus for determmmg voltage cali-

N bratlons] for roentgenagraphic machines by

comparison of their photographlo densities with |

those of a machine having known values, under -

| oompnsmg a cassette for retammg a pho*orfroph—

~ like conditions of distance and exposure periods,

€60

e film, a mask block mounted above said cas-
- sette a,nd formed with an upper circular. counter-

sunk surface, a circular disc-shaped mask formed
with an eooentrzoa,lly spaced exposuro aperture-_-

‘rotatably mounted within said oountersunk sur- -

face and adapted to form an annu]arly arranged

- group of equally spaced exposures at equal dis-
ilm, and corresponding respec-
- tively to equally stepped voltage values of the
-~ known machine, & circular disc-shaped mask
~ formed with a centrally located exposure aper-

~ ture adapted to replace said former disc within
 said countersunk surface and occlude said an-

- nularly exposed portions on said film and form

“tance from said

a oentral exposed portion under like condltons

Id

aensities. |

6. An opparatus fOl oallbratmg roentgeno-
gmphlc machines, by comparison of their pho- |
togropmc effects under conditions of equal eX=

" posure periods with various degrees of energiza~ -

tion, comprising -a cassette adapted to retain a

--photogra,phlc film exposing means. comprising a .
“mask support mounted above said cassette and -
| formed with an upper circular countersunk sur-
face, a circular disc-shaped mask formed with an o

ecoentrloally spaced exposure aperture rotatably

mounted within said countersunk surface and |
adapted to form an annularly arranged group = @
of exposed areas of varying photographic densi-
ties upon said film when the same is exposed for -
‘equal periods of time {o X-rays having different
penetrating oharacterlstlcs, and a circular disc-
.'shaped mask formed with a centrally located ex-

posure aperture said ‘latter disc being adapted

to replace the former disc within said counter- -
‘sunk surface to form a centrally located exposure
‘area adapted to be exposed for a time period
equal to that of an’ eccentric area and at a pre-
- determined degree of intensity for comparison
- of its photographic denmty with those of the ec-'
'centrlo areas.

 LAWRENCE F. BLACK.




	Drawings
	Front Page
	Specification
	Claims

