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nAmoGRAPHIeME'THoD AND‘ APPnR'A'Tifsi 
Mar?irsiahey Aliel; oaill'ana; can; 

AppliéatiDmMarch-H;1952,>SeriaI‘N0; 277,253 
16-‘ claims: 

This‘, invention relates) to; a: method of? and" an’ ' 
apparatus for making- radiographsof body‘s'ec 
tions. The invention is- based; on a nejwwtech 
nique for securing the virtual focus‘of X-rays 
orfother radiation andsitsiprinciples areiapplicl 
able to?uoroscopic as-we-ll as rad-iographic pro‘ 
cedures. 

Itwis welllk-nowniinthe artthat virtual rbtusine‘ 
of~ X-rays withrespectto a- sele'c't'edipl'a'ne'o'f a 
body’ may- beaccomplishedby placing'a'ri X-ray" 
source at a position spaced'f'ro'r'n one~ sidelof-th‘e“ 
body and-a:radiation-sensitive me'diii'ni‘ ata' post; 
tionqsp'aced-from the other side‘ orituebcdyim 
receive an- image» of the» body ' structure‘; proj ect'ed‘ 
by the source, and" then simultaneously“shifting“ 
the source and medium- laterally cppositere: 

' spects in a controlled manner‘tb keep‘the image 
of a/selected. body planecons't‘ant on the‘mediuin 
while causing the images of all ofth'e’r‘body‘plane's 
tc» shift= laterally acro‘s's'the medium. 

selected plane and through‘ b1u‘rr"‘g‘of‘ images 
ofia-llio'ther bodyplanes‘; e'v'enplanes in‘i'mediat‘ely‘v 
adjacent‘ the? selected: plane; 
While a radiograph‘resultingfi'oni’such‘a pro; 

cedure' is highly informative 'With'resp'e‘ct tb'struc7 
ture in theselected plane‘; in‘m‘a'nyin‘stance'sjsu'cliI 
exceedingly sharpselect‘ivity' is a seri‘ous‘di‘s‘a-dl 
vanta‘ge; ' ‘ ~ _ 

For? example; the‘ object of‘ the body section 
ra'diograph may be'to disclose‘information-‘about? 
the' position; size‘ and‘ con?guration-{of a possible 
lesi'o’n'; If the‘ body planeselected'for- the- radioli 
grapn' just" misses’ the~ lesion‘the' radiograph will?‘ ~V 
afford no indication whatsoever ofethe’ existenceg ' 
of the‘ l'e‘sion'and'additional e'xploratery- body s‘e'ci-r 
tionir'adiogr'aphs will be necessary: Gin-the other‘? 1 
hand; if“ the" selected‘ plane passes through: the 
lesion, the ra'diographimagel will‘be restrictedf'toi 
two-dimensional information- about a?‘ three‘v 
diir'ie'nsibna-l"v condition’ and5 a" series ' of‘v additlonali 
radiographs' will‘ be‘ necessary for‘- adequate: v’i‘sulq 
ali’z‘ation of the form of? the lesion; especially if 
th'e‘lesion' is "of suhstantialsize. Thusythe'ilimita’s: 
tion- of" the usual body‘ se'etion‘i' radiograph; to 
data‘; shout a single‘: body‘ plane: we often‘ results; 1 " 
in‘ thenec‘essity for 'num'ernusi ad-Elitionali radio-Y 
graphs; A series'of radiographsl‘ is‘ not only e'x-~ 
pensive but also objectionable as? possibly" in; 
vol'v‘ing over exposureiof-the‘patient to radiation? 
A“ further’ disadvantage inherent~ in conv'en-~ “ 

tion'al body section techniques is that‘exces‘sive' 
lateral: shifting‘ of images outside" the: selected‘ 
plans not} only' distorts’; relationships‘ excessively? 
bill?! also" introduces- factiti‘ous artifaetual image-f 
eleiiien‘tsyl- wh'ich- a?éflinemi oi‘ ‘ annular‘ according? 

_( _ The'r‘ésu'lt- a is sharp. image de?nition of ‘body structure in the‘ 

The‘ genera-1' object of" the present invention‘ is‘ 
to' ohta'iii» body 'seeticn radiograph‘s' that‘ provide“ 
appreciable- u‘s'éful thre'é'i-dl?i‘é?sim'lal" data; the‘ 
radiograph' image.‘ More'speoi?ca‘lly' stated; the‘ 
broad» object of the invention" is‘to achieve‘a‘ coin? 
premise between a" rxcmtody section‘ radlog'i‘al?i 
having lféfy littlé'di?éi‘é’lit'iat'ioli‘with‘ respecttw 
body planes‘ anuj a conventional," body‘: section? 
radiograph‘ restricted suhst‘aii‘tially to a" single” 
planeof the'bodyf _ ' _ _ - 

A‘ new‘ technique“ for obtaining-g body“ section‘ 
radio'g'raphs' is‘ contemplated that Will" p'ro'vid’e“ 
sharply" ibolls‘e'd detailI in‘ a“ Selected!‘ body mane 
and details‘; that‘. are gradually‘ less sharply‘ 
focused-inf p'la‘n'es'» progressivelyreinovedi from“ the’ 
selected'plan‘edn‘both vdirections. in"- otherwise; theirnprojienient”liesiih‘achievinga-liroadwfodiis"E 
peak‘ with respect" to" a» series o'f5suc'oes'sive" bodti' 
plyari‘esias distinguished‘- from‘ a sharp “fb'ei'l's'” 

limited t’o'i' aisiiiglél may plane‘: v 

to thelcharact'er of'tli‘ 

plane 0i"- the’»liod‘ positionihg'fa-raidiationlsensih V 

‘ on the same line’! 011ith'eiotherv s1 ‘e'l'of the bod-51F 
and tnen durin‘gl‘ai? eiz'po'sureiperiod' mov‘mgtcth 
the‘? souro'e‘andithe'mediuml simultaneously alonga' 

line ini'ai manner: to keep‘ the; image? of’ the: 
" dlbody/planeioonstant'on 'the'mediumiwhile: 

" causinfgi the images of? all’ other" body’ planes to" 
change inim'ae'ni?cationz Thuszthedi?'erencerinl‘ 
“f'oiiiis? e‘?éct/i that? distinguishes‘ among: the dif*-’ j ' 
ferenti'planes resides iii-[change inmagni?catiom - 
asdi?inguishedfrom-»extensive-lateral shifting-0f: ~ 
unwantedrimages: The new difference isdi?‘ew 
en'c'e' inI degree‘; not complete obliteration) of de» 
tails in‘ planes=othenthanrtheiselected planer 7 

Thefdes'iredi resultrisfobtained- by- ‘initially: post- 
tion'ing: the? points-source‘ and the: medium! with 
a given ratio between the distance from the radiare 
tion source: to: the‘- selected? body plane» and the 
distance from’ the: selected body plane to the 
medium; and then‘ regulating the movementsot 
the'soiirce andithe'rmedium; respectively; ‘tormain-j 
tain: this ' ratio‘: throughout= the -- exposurev period; 
thereby’ to!: maintain: constant magni?cation» of~ 
body-"str-ucturedn-the selected plane; Thesimul- - 
taneousimovementxof the-source and the medium 
may‘ be": either towards? or? away from they body: 

It“ will: be; readily! understood’ that while mag 
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ni?cation in the selected plane remains constant, 
magni?cation of images in other planes will vary 
in accordance with the distance of such planes 
from the selected plane. Thus the images of 
the other body planes will be less sharply de?ned 
in accord with the distance of the planes from 
the selected plane. As will be explained, if the 
radiation source and ‘ 
moved simultaneously towards the body during 
the exposure period, images in body planes be 
tween the selected plane and the source will, in 
effect, contract during the exposure period while 
images in body planes spaced towards the sensi 
tive medium will, in effect, expand. 

It is inherent in the new technique that while 
loss in sharpness by change in magni?cation is 
progressive in both directions from the selected 
plane the loss is less rapid in the direction to 
wards the sensitive medium and this fact may be 
taken into consideration to advantage. For ex 
ample, in making an exploratory body section ra 
diograph where there is reason to believe that 
the suspected lesion is at a certain level, the se 
lected plane for the radiograph may be chosen at 
a somewhat higher level than the suspected level 
since a given degree of loss in sharpness caused 
by change in magni?cation will extend for a 
greater distance below the selected plane than 
above the selected plane. 

Since the exposure time required to produce 
an image of a given intensity on a radiation-sen 
sitive medium such as a ?lm varies inversely as 
the square of the distance of the sensitive medi 
um from the radiation source, it is apparent that 
uniform movement of the light source and medi 
um towards each other throughout an exposure 
period will result in progressively increased in 
tensity of exposure throughout the period. A 
further object in the preferred practice of the 
invention, therefore, is to equalize the intensity 
of exposure throughout the exposure period. 
This object is accomplished by progressively 
varying the rate of relative movement between 
the radiation source and the sensitive medium 
throughout the exposure period, the purpose 
being to vary the rate of relative movement in 
inverse relationship to the distance between the 
source and the sensitive medium so that the 
intensity of exposure will be substantially con 
stant throughout the exposure period. 

vA further important object of one practice of 
the invention is to produce multiple body sec 
tion radiographs with a single exposure of the 
body to radiation. This practice makes it pos 
sible to produce two or more simultaneous radio 
graphs centered on two selected parallel body 
planes. As will be explained, the new technique 
may be employed to project two images simul 
taneously on two paralle1 spaced sensitive medi 
ums with one image projected through one of the 
mediums onto the other medium. It is a simple 
matter to maintain constant magni?cation of 
both images during relative movement between 
the radiation source and the two sensitive medi 

ums. 
It is a further object of the invention to pro 

vide an e?icient and highly flexible apparatus for 
carrying out the described technique. In regard 
to efficiency, a feature of the preferred embodi 
ment of the apparatus is the utilization of power 
actuated means to cause the required relative 
movements of the radiation source and sensitive 
medium in a controlled and automatic manner. 
With reference to ?exibility a further object is to 
make the apparatus adjustable in various‘ re 
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spects. It is contemplated that the apparatus 
will be adjustable with reference to the scale of 
magni?cation of images of the selected body 
plane, adjustable with respect to the selection of 
body sections, adjustable for the production of 
multiple simultaneous images, and adjustable 
with respect to the manner in which the speed of 
relative movement changes for balanced ex 
posure throughout the exposure period. 
The various objects and advantages of the in 

vention will be further understood from the fol 
lowing detailed description considered with the 
accompanying drawings. . 
In the drawings, which are to be regarded as 

merely illustrative, 
Fig. l is a perspective view of the presently 

preferred embodiment of the invention; 
Fig. la is a fragmentary detail showing in sec 

tion two spaced cassettes for the simultaneous 
production of two body section radiographs; 

Fig. 2 is a view of the apparatus partly in sec 
tion and partly in end elevation; , 

Fig. 3 is a section taken as indicated by the 
broken line 3-3 of Fig. 2; 

Fig. 4 is a fragmentary view similar to Fig. 3 
indicating how the preferred embodiment may be 
modi?ed; , ' Fig. 5 is a more or less diagrammatic view 
showing how a special rheostat may be used for 
speed control to achieve the desired exposure ' 

equalization; and 
Fig. 6 is a diagram explaining how images of 

body planes above and below the selected body 
plane change in magni?cation in the course of any 

exposure period. 
The principal parts of the embodiment shown 

in Figs. 1, 2 and 3 include an X-ray table gen 
erally designated it, a horizontally movable car 
riage generally designated 4 I, a holding means or 
cassette holder generally designated 12 that is 
mounted on the carriage for vertical movement, a 
source of radiation generally designated i3, and 
a tubular standard {5 that supports the radiation 
source above the level of the X-ray table it. 
The X-ray table it on which a person may re 

cline for the purpose of making a radiograph has 
a horizontal top it supported by legs ll and is 
provided with a pair of parallel longitudinal rods 
l8 supported by cross members 19 at each end of 
the table. The purpose of the two rods 18 is 
to serve as rails for the horizontally movable car-v 

riage H. 
iliary support framein the, form of two upright 

2i! interconnected by upper and 
lower horizontal rods 2% and 25, respectively, 
upon which’ the upright standard i5 is mounted. 
The carriage i i is in the form of a rectangular 

or box-like frame 
ner rods so. The bottom of the carriage is pro 
vided with suitable rollers at with concave pe 
ripheries to conform with the circular con?gura 
tion of the rails 18 on which the rollers rest to 
support the carriage. Extending rearward from 
the carriage H as a ?xed part thereof is a suit 
able base member to which the tubular standard 
i5 is attached. This base member 32, which may, 
be in the form of a casting, includes a down 
wardly extending bracket 33 in which is mounted 
a concave roller 36 to ride on the lower rod 
25 of the auxiliary frame. To insure stability 
of the horizontally movable structure on the two 
rails I8 and the lower rod 25, the standard If! 
is provided with a fixed collar 35 that carries a 
pair of concave rollers 36 to movably engage 
the upper rod 24 of the auxiliary frame from op 

The apparatus also includes an aux- I 

that includes four upright cor- . 
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posite sides as shown in Fig. 2. It may be de 
sirable to further insure stability by anchoring 
the upper end of the standard I5 to a solid wall. 
The cassette holder l2 may comprise three open 

shelves or rectangular frames 4|, 42 and 43 ?x 
edly interconnected in vertical alignment by side 
bars 44. Each of the shelves 4|, 42 and 4-3 is made 
of angle members and is dimensioned to serve 
as a seat for a cassette containing -a radiation 
sensitive medium in the form of X-ray ?lm. For 
vertical movement in the carriage H the multi 
ple-level cassette holder [2 is provided with con 
cave rollers 135 in rotary engagement with the 
four upright corner rods 30 of the carriage. 
Any suitable means may be provided for mov 

ing the cassette holder 1 2 of the radiation source 
[3 simultaneously in a predetermined manner. 
In the particular embodiment of the invention 
shown in the drawings, a suitable motor 48 is 
provided for this purpose and, as shown in Fig. 
3, has a motor shaft 49 on which is mounted a 
suitable drive pinion 50. The cassette holder 1 2 is 
operatively connected with the drive-pinion 50 by 
a suitable rack member 5! that is ?xedly mounted 
on the rear side of the holder. 
The radiation source l3 comprises a focal spot 

Roentgen-ray tube (not shown) in a tubular 
housing 54, the focal spot of the tube being on 
the order of 0.3 mm. which is small enough to ap 
proximate a point source of X-radiation. The 
tubular» housing till includes a downwardly di 
rected cone 515 through which the radiation is 
directed and the housing is suitably mounted for 
horizontal adjustment on a bracket, generally 
designated 56. The bracket 55 includes a bracket 
body 5'! that slidingly embraces the tubular 
standard 15 and is connected to a counterweight 
cable 58. The cable 58 passes over a small sheave 
69 at the top of the tubular standard [5 and 
in a Well known manner is connected to a suit 
able counterweight (not shown) that is movable 
up and down inside the standard. The bracket 
56. includes a pair of spaced horizontal rods 6! 
mounted in the bracket body 51 and the housing 
54 of the X-ray source is slidingly mounted on 
the two rods 6! by suitable sleeves t2. rI-he sleeves 
62- maybe provided with suitable screws 63 to 
releasably immobilize the housing bit on the two 
rods 6! at desired positions. 
Any suitable arrangement may be employed to 

operativeiy connect the drive pinion 59 with the 
bracket 53 for vertical actuation of the radiation 
source l3. In the particular construction shown 
in the drawings a vertical rack member 5'3 in 
mesh with the drive pinion 53 is mounted for 
vertical movement by a sleeve 68 that slidingly 
embraces the tubular standard 15. Extending 
upwardly from the rack member 6‘? is an operat 
ing rod ‘to that is connected to the bracket 58, 
preferably in an adjustable manner. 
In the present construction, the upper end of 

the operating rod ‘it extends through a forward 
projection ll of the bracket body 51 and is formed 
with a series of ratchet teeth 72 for engagement 
with a latch member 73. The latch member 13, 
which is pivoted at it is normally pressed up 
ward by a concealed spring ‘a’? for normal en 
gagement with a selected ratchet tooth 12. The 
bracket 55 may be adjusted vertically with re~ 
spect to its point of connection with the operating 
rod 19 by depressing the latch member 13 to a 
release position. Thus the vertical distance be 
tween the bracket 56 and the rack member 67 in 
engagement with the driving pinion 5o-may be 
varied at will. 
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The mode of operation of the described appara- 
tus may be readily understood from the foregoing . 
description. With a person reclining on the X 
ray table for the purpose of making a radio 
graph it is a simple matter to shift the carriage 
ll along with the tubular standard I 5 to any 
desired position longitudinally of the table. A 
cassette containing an X-ray ?lm is placed on 
one of the shelves ill, 42 and 43 of the cassette 
holder and the apparatus is adjusted for a start 
ing position with a given starting ratio between 
the distance from the source of radiation to the 
selected horizontal plane of the patient’s body and 
the distance from that plane to the radiation 
sensitive ?lm in the cassette below the tabletop. 
For example, the ratio selected may be 1:1 to 
provide an image or the X-ray ?lm that doubles 
the linear dimensions of the body structure in the 
selected body plane. 
The starting positions of the point source of 

radiation and the cassette holder may be either 
at their maximum distances or their minimum 
distances of separation, preferably the former. 
In Fig. 2 the apparatus is shown adjusted with 
the radiation source at its upper-limit position 
and the cassette holder at its lower-limit position. 
With the cassette mounted on the lower shelf 
43, a selected plane 78 in the patient’s body 19 is 
exactly half way between the film in the cassette 
and the point source of radiation in the housing 
54. To make an exposure, the X-r'ay tube is 
energized to project an image of the patient’s 
body structure on the ?lm in the cassette and 
at the same time, or slightly before, the motor 
48 is energized to actuate the drive pinion 50 
counterclockwise as viewed in Fig. 2. The rota 
tion of the drive pinion lowers the radiation 
source and simultaneously raises the X-ray ?lm 
at uniform rate or at variage equal rates through 
out the exposure period. The result will be a 
body section radiograph of the character de 
scribed. 
The mannerin which the projected image of ' 

the body structure on the radiatiomsensitive 
medium changes in magni?cation with reference 
to body planes above and below the selected plane 
is explained graphically by the diagram in ‘Fig. 
6. With the starting position of the point source 
of radiation at‘ the upper limit position shown 
in full lines Fig. 6 and with the starting position 
of the radiation-sensitive ?lm at the lower limit 
position represented by the lowest horizontal line, 
the distance from the radiation source to the se~ 
lected plane represented by the short horizontal 
line b is equal to the distance from the selected 
plane to the lower limit starting position of the 
?lm. The starting image of the short line b 
on the ?lm will be the line IB-B. When the 
radiation source has dropped to the lower limit 
position indicated in dotted lines and the ?lm has 
simultaneously moved upward to its upper limit 
position indicated by the horizontal dotted line, 
the image of line 
?lm is B’—B', the ?nal image line B'—B’ having 
the same length and the same position on the 
?lm as the starting image 13-33. 

> The image of a line a. in a body plane higher 
than the selected plane expands from the image 
length A-A at the starting position of the'?lm' 
to the length A'-A’ at 
?lm, the expansion of 
change in magni?cation and being indicatedby 
arrows at the ?nal ?lm position.‘ It is apparent 
that the arrows represent a penumbra that will 

the ?nal position of the 
the line representing 

b at the new position of the’ 
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be formed around the image A--A in the ?nal 
radiograph. 
The initial image of a line c in a body plane 

below the selected plane is the line 0-0 at the 
starting position of the ?lm, but this line con 
tracts to the length C’—-C’ at the ?nal position 
of the ?lm as indicated by the inwardly directed 
arrows. The inwardly directed arrows represent 
the dimension of a penumbra that would be 
formed around an image C'--C’ in the ?nal 
radiograph. 
The extent to which these penumbras form 

around images of body structure in planes out~ 
side the selected plane is not so great as to de 
tract seriously from their identi?cation. The 
relative magnitudes of the penumbras may be 
appreciated by considering typical dimensions. 
For example, suppose the initial position of the 
point source is 25 inches from a selected body 
plane in one direction and the ?lm is 25 inches 
distant in the other direction and both the 
source and the medium move 10 inches towards 
the body in the course of exposure of the ?lm 
to radiation from the source, the movement of 
both being uniform during the exposure period. 
The dimensional magni?cation on the ?lm of 

structure at the selected body plane will be double 
throughout the exposure period since the ratio 
of the two distances involved is constant at 1:1 
throughout the exposure period. Thus, one inch 
square of body structure in the selected plane 
will produce a two-inch square image on the ?lm. 
The starting ratio of distances for a body plane 

?ve inches above the selected plane will be 2:3 
and the ?nal ratio will be 1:2, since the starting 
distances of the source and ?lm from the upper 
plane will be 20 inches and 30 inches, respectively, 
and the ?nal distances will be 10 inches and 20 
inches, respectively. Thus the starting image 
on the ?lm of a 1" x 1" square area of body 
structure in the upper plane will be a 21/2" x 21/2" 
square and during the exposure period this image 
will increase in size to a 3" x 3” square. 
With respect to a body plane 5 inches below the 

selected mid-plane, the distance ratio will change 
from 3:2 to 2:1 in the course of the exposure 
period since at the start the lower plane will be 
30 inches from the source and 20 inches from the 
film and at the end of the exposure period the 
lower plane will be 20 inches from the source 
and only 10 inches from the medium. As a re 
sult, a 1" x 1" square area of body structure 
in the lower plane will produce an image 
1%" x 12/3" square on the ?lm at the begin 
ning of the exposure period and this image will . 
contract to a 11/2" x 11/2” square on each side 
at the end of the exposure period. 

It will be readily understood in the above 
example that the image of the one~inch square 
of body structure in the selected plane will be 
a clear-cut 2" x 2" square on the ?lm. The 
1" x 1" square of body structure in the upper 
plane will appear as a 21/2” x 21/2” square sur 
rounded by a 1/4," penumbra and the image of 
the 1” x 1" square of body structure in the 
lower plane will be a 11/2" x 11/2" square sur 
rounded by a 1%” penumbra. 
The wide ?exibility of the apparatus with re 

spect to the choice of body planes may be ap 
preciated by considering the following speci?c ' 
dimensions that may be employed in a typical 
embodiment of the invention. It is contemplated 
that the range of movement of each of the two 
rack members 51 and 61 will be 12 inches, the 
radiation source moving ‘downward 12 inches » 
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8 
while the cassette holder moves upward 12 inches 
at the same uniform rate during an exposure 
period. It is further contemplated that the 
three open shelves Al, 42 and 43 will be spaced 
apart two inches vertically and that the upper 
shelf 4! will position the ?lm thereon exactly 
19 inches below the surface of the X-ray table 
it? when the cassette holder is at its lower limit 
position. Thus with reference to the upper sur 
face of the X-ray table the top shelf 4! will 
be movable between two positions 19 inches and 
7 inches, respectively, from the tabletop, the mid 
dle shelf 122 will be movable between positions 
21 inches and 9 inches, respectively, from the 
tabletop and the bottom shelf 43 will be movable 
between positions 23 inches and 11 inches, re 
spectively, from the tabletop. It is further con 
templated that the engagement of the latch 
member 73 with the operating rod 18 will be 
adjusted to position the point source of radia 
tion at any of the following starting positions 
as measured upward from the tabletop: 32 inches; 
30 inches; 28 inches; 26 inches; and 24 inches. 
When the apparatus is constructed with the 

above dimensional relationships a radiograph 
may be made for selected body planes ranging 
from 1/2 inch above the tabletop to 6V2 inches‘ 
in half-inch steps. When the point source of 
radiation is adjusted at the upper limit start 
ing position 32 inches above the tabletop and the 
cassette holder is at its lower limit position, the 
?lm positions represented by the three shelves 
4 I , 42 and 133, respectively, “focus” on body planes 
61/2 inches, 5%; inches, and 41/2 inches, respec 
tively, above the surface of the X-ray table. Thus 
a cassette may be placed on any one of the three 
shelves to produce a radiogram centered on 
the corresponding body plane above the table 
top. 

If the adjustment of the starting position of 
the point source of radiation is changed from 
32 inches to 30 inches above the tabletop the 
planes of “focus” corresponding to the three 
shelves 4 l , 42 and E3 will be 51/2 inches, Lil/2 inches, 

4 and 31/2 inches, respectively, above the tabletop. 
In like manner, a starting position of the radia 
tion source of 28 inches above the tabletop will 
?x the three selected “focus” planes at 41/2 inches, 
31/2 inches, and 21/2 inches, respectively, above 
the tabletop; starting the light source at 26 inches 
will determine planes at 31/2 inches, 21/2 inches, 
and 11/2 inches, respectively; and, ?nally, lower 
ing the starting point or" the radiation source 
to 24 inches ?xes the three planes at 21/2 inches, 
11/2 inches and 1/2 inch, respectively, above the 
tabletop. 

Fig. 1a indicates how two or more cassettes 
may be placed on the cassette holder i2 to make 
a corresponding number of radiographs simulta 
neously. For example, with the apparatus ad~ 
justed with the point source of radiation at the 
starting upper limit position 32 inches above the 
tabletop, cassettes 82 and 83 may be placed on 
shelves 42 and d3, respectively, to make radio 
graphs of body sections 5%,; inches and 41/2 inches 
above the tabletop, respectively. - 
The upper cassette 82 has top and bottom walls 

84 and 85, respectively, of a material that will 
permit radiation to be transmitted therethrough 
to the lower cassette 83. The material may be 
any suitable plastic. The radiation-sensitive ?lm 
88 in the cassette is sandwiched between an upper 
intensifying screen 89 and a lower intensifying 
screen :‘it. A sheet of aluminum foil 91, or other 
suitable material, is placed under the lower in-v 



_ bottom wall 96 which 

‘ fying screens IOI 

ing screens in the two cassettes are selected to 
l_ equalize the response of the two ?lms to the radia 
‘_tion, thus compensating for the different dis 

as well as the losses incurred 
passing through the upper cassette. 

"Figs. 4 and 5 
'shaft IE5 for the previously mentioned motor 
shaft 49. The motor shaft 

speed of the ?lm to 

1 when the starting distance 
- source to the selected body section is equal t0 the 
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tensifying screen 96 to stop selectively the soft 
scattered radiation which is generated at second 
ary sources and tends to fog the ?lm. The usual 
leaf-spring members 92 are made of plastic ma 

} terial to avoid interference with the transmission 
_ of the radiation to the lower cassette. 

Lower cassette 33 is of the same general con 
struction as the upper cassette, being provided 
with a top wall 95 of plastic material, but has a 

may be made of métal and 
the leaf spring members 9'! below the bottom wall 
may also be made of metal. The ?lm I39 in the 
lower cassette is sandwiched between two intensi~ 

and N32. The various intensify 

tances of the two ?lms from the radiation source 
by the radiation in 

_ It is apparent that when the apparatus is op 
erated in the described manner with the two cas 
settes 82 and 83 in position the result will be two 
radiographs centered on body planes spaced one 

‘ inch apart and since the resulting radiographs 
will reveal structure both above and below the 
planes on which they are centered the two radio 
graphs taken together will give speci?c informa 
tion about body structure through a considerable 
range of levels. 
in one exposure 
tative value to 

Thus the two radiographs taken 
period are equivalent in interpre 
a large number of conventional 

body-section radiographs which would require a 
correspondingly large number of successive ex 
posures. 

The modi?cation of the invention indicated by 
includes the substitution of a motor 

v I05 is longitudinally 
movable and carries three pinions I66, I M and 
I08, the two pinions I86 and It‘! being identical 
with the previously mentioned drive pinion 50 
and the pinion I88 being of larger diameter. The 
previously mentioned sleeve 68 that is slidingly 
mounted on the tubular standard I5 is replaced 
by a sleeve 5 i I which is unitary both with a rack 
member I I2 adapted to releasably mesh with the 
pinion It? and a second rack member I I3 that is 

__ dimensioned to releasably mesh with the larger 
pinion I 98. 
' The purpose of this modi?ed arrangement is 
to permit a predetermined change in the speed of 
movement of the radiation source relative to the 
speed of movement of the cassette holder to a?ord 
a choice of two degrees of image magni?cation of 

- the body structure in the selected plane. Thus if 
the starting distance of the radiation source from 
the selected plane is greater than the starting 
distance of the radiation-sensitive ?lm from the 
selected plane it will be necessary to lower the 
radiation source at a faster rate than the upward 

maintain the starting ratio 
throughout the period of exposure. - 
hi the longitudinal position of the motor drive 

shaft I95 shown in full lines in Fig. 4 pinion lot 
is in mesh with the rack member 5i that controls 
the vertical movement of the cassette holder I2 
and the pinion I ill of the same size is in mesh 
with the rack member II2 to control the down 
ward movement of the radiation source. It is 
apparent that this adjustment of the drive shaft 
“35 will cause movement of the light source and 
film at equal rates and therefore will he used 

from the radiation‘ 
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10 
starting distance from the selected body section 
to the ?lm. If the starting distance from the 
radiation source to the selected body section is 
greater than the starting distance from the se 
lected body section to the ?lm it will be necessary 
to lower the radiation source at a higher speed to 
maintain the starting ratio. For this purpose 
the drive shaft #95 will be shifted longitudinally 
to the dotted line position of Fig. 4 thereby to 
shift pinion It? into mesh with rack 5i and simul 
taneously shift the larger pinion I98 into engage 
ment with the rack member I 
that in this new position rotation of the shaft I 95 
will cause the radiation source to move downward 
at a faster rate than the upward movement of the 
cassette holder. v _ 

A further modification of the invention indi 
cated by Figs. 4 and 5 is the use of a variably 
wound rheostat to vary the speed of operation of 
the motor shaft I65 in inverse'relationship to 
the square of the changing distance between the 
radiation source and the ?lm. As indicated in 
Fig. 4, it is contemplated that two such rheostats 
Ill and H8 will be mounted adjacent to the 
movable sleeve II I for cooperation alternately 
with a movable contact I20 (Fig. 5) on the sleeve. 
It is further contemplated that the two rheostats 
Ill and H8 will be mounted side by side in a 
yielding manner with rheostat H8 in vertical 
alignment with the movable contact I20 as shown 
in Fig. 4. When the drive shaft I05 is shifted 
from its full line position in Fig. 4 to its dotted 
line position a suitable ?nger I2I moves with the 
shaft and impinges against the two yieldingly 
mounted rheostats I I ‘I and ‘I I8 to shift the rheo 
stat, H8 to the dotted‘position shown in Fig. 4 
thereby shifting the rheostat I I7 into position for 
electrical cooperation with the movable contact 
I29. 
As indicated diagrammatically in Fig. 5 one 

lead I22 is connected to one side of a variable 
speed motor I23 and a second lead I24 connects 
the other side of the motor with a movable con 
tact I20 to place the winding I25 of the rheostat 
II‘! in series with the motor. It is apparent 
from an inspection of Fig. 5 that downward 
movement of contact I20 synchronous with down 
ward movement of the radiation source progres 
sively reduces the portion of the rheostat wind 
ing I25 that is in the motor circuit with conse 
quent acceleration of the motor. It is contem 
plated that the successive turns of the winding 
I25 that are traversed in the downward move 
ment of the contact I20 will progressively dimin~ 
ish in length in accord with a curve conforming 
to the law of inverse squares so that the accelera~ 
tion of the motor will cause the ?lm to be exposed 
at a substantially uniform rate notwithstanding 
the fact that the distance between the radiation 
source and the ?lm decreases in the course of 
the exposure. _ v . 

It is apparent that the two rheostats Ill and 
I I 8 with different windings are required for alter 
nate use since a different rate of acceleration 
will be required when the larger pinion Hi8 is 
substituted for the smaller pinion Isl for causing 
the downward movement of the radiation source. 
From the foregoing description of various prac 

tices of the invention, the following advantages 
over prior methods of body-section radiography 
may be readily appreciated: ' 

1. The resulting radiograph is an image ofra 
body section of substantial thickness, there being 

' adequate sharpness of the images of body struc 
is’ ture on both sides of the selected plane. I 

I3. It is apparent 



by the radiograph will reveal 

1 1 
2. Because of the thickness of the section that 

is imaged it is not necessary to predetermine ac 
. curately the level of a suspected lesion to obtain 
a radiograph that will afford adequate visualiza 
tion of the lesion. In other words, “focusing” is 
not critical since any radiograph at the approxi 
mate level will reveal the lesion. 

3. Because of the thickness of the section de 
picted by the radiograph, a lesion of more than 

_ pinpoint size extending up and down through sev 
eral levels can be completely visualized as to its 
con?guration and relative size on a single ?lm. 

4. The three-dimensional information afforded 
the relationship of 

a lesion to the surrounding body structure in 
7 planes both above and below the lesion. 

5. No confusing iactitious shadows are intro 
duced by the method of exposing the ?lm. 

6. The new technique makes it possible to pro 
duce multiple radiographs of multiple body sec 
tions in one exposure with each radiograph of 
the same quality and interpretative value. 
My description of preferred practices of the 

invention in specific detail will suggest to those 
skilled in the art various changes, substitutions 
and other departures from my disclosure that 
properly lie within the scope and spirit of the 
appended claims. 

I claim: 
1. A method of making a radiograph of a se 

. lected section through a body which includes the 
steps of: positioning a point source of radiation 
on one side of said body on a line perpendicular 
to a selected plane in the body section positioning 
a radiation-sensitive medium substantially paral 
lel to said plane at a location on said line on 
the other side of said body with a given ratio 
between the distance of the source from the 
selected plane and the distance of the medium 
from the selected plan; exposing said medium 
to radiation from said source; and during such 
exposure continually changing the distance be 
tween said point source and said medium by mov 
ing the point source and medium relative to each 
other along said line at rates that maintain said 
given distance ratio whereby the magnified image 
of the body structure at said plane produced on 
said medium remains constant during the ex 
posure period and the images corresponding to 
other planes change in magni?cation. 

2. A method as set forth in claim 1 in which 
the rates of movement of said source and said 
medium are varied substantially inversely as the 
distance between the source and medium thereby 
to equalize the exposure of the medium for the 

different distances. 
3. A method of making radiographs of a struc 

ture at a plurality of selected parallel planes 
of a body, including the steps of: positioning a 
point source of radiation on one side of said 
body on a line perpendicular to said planes; po 
sitioning a plurality of radiation-sensitive me~ 
diums corresponding to said sections and parallel 
to said planes at spaced positions along said line 
at the other side of said body with a given start 
ing ratio for each plane with respect to the dis 
tance from the plane to the corresponding me 
dium and the distance from the section to the 
source; exposing all of said mediums to said 
source simultaneously with the radiation passing 
through one medium to another medium; and 
during such exposure changing the distances be 
tween the source and the mediums by moving the 
source and the mediums simultaneously along 
said line at relative rates that maintain said 
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starting ratio for each section during the ex 
posure period, whereby the image of the body 
structure at a plane that is produced on the 
corresponding medium remains constant in mag 
ni?cation during the exposure period while the 
images of all other planes produced on the same 
medium change during the exposure period. 

4. A method as set forth in claim 3 which in 
cludes the use of intensifying screens of di?erent 
ratings to equalize the exposures of the mediums 
by compensating for the differences in distance 
from the mediums to the radiation source and for 
loss of intensity by radiation by absorption in 
passing through a medium. 

5. In an apparatus for making radiographs 
of a body the combination of: a point source of 
radiation; means to support said source at a 
position to one side of said body on a line perpen 
dicular to a selected plane of the body; means to 
hold a radiation-sensitive medium substantially 
parallel with said plane at a position on said line 
on the other side of the body with a starting ratio 
between the distances of said plane from said 
source and said medium, respectively; and means 
to vary the distance between said source and said 
medium during an exposure period by moving said 
source and medium simultaneously along said line 
at relative rates that maintain said starting ratio 
whereby the magnification of images of the body 
at said plane remains constant during the expo 
sure period and magni?cation of other planes 
vary with the distances of the other planes from 
said selected plane. 

6. An apparatus as set forth in claim 5 in which 
said distance-wanting means continually changes 
the rate of relative movement between said source 
and medium inversely as the changing distance 
between the source and the medium to equalize 
the rate exposure of the source at the various 

distances. 
7. An apparatus as set forth in claim 5 which 

includes means to vary the rates of relative move 
ment of said source and holding means in accord 
with different starting ratios. 

8. A combination as set forth in claim 5 in 
which both said supporting means and said hold 
ing means are adjustable in their starting dis 
tances relative to said body. 

9. In an apparatus for making radiographs of 
a body, the combination of: a point source of ra 
diation; means to support said source at a posi 
tion to one side of said body on a line perpen 
dicular to a selected plane of the body; means to 
hold two spaced parallel radiation-sensitive me 
diums perpendicular to said line at spaced points 
along said line on the other side of the body, with 
a saturating ratio between the distances from one 
selected body plane to said source and to one of 
‘said mediums, respectively, and with the same 
starting ratio between the distances from a sec 
and selected body plane to said source and to the 
other of said mediums, respectively; and means to 
,move both said supporting means and said hold 
ing means along said line relative to said body 
during an exposure period at rates that maintain 
said ratios thereby to maintain constant magni? 
cation of images of said selected planes on the 
corresponding mediums during the exposure 
period. 
I 10. An apparatus as set forth in claim 9 in 
which said distant-varying means is adapted to 
progressively change the rate of relative move 
ment between said supporting means and said 
holding means in inverse relation to the changing 
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distance between the supporting means and the 
holding means during the exposure period. 

11. In an apparatus for ' 

point source above the table, said support being 
movable up and down; power-actuated means op 
eratively connected with said support and said 

tance from said selected plane to said medium. 
12. A combination as set forth in claim 11 in 

which said support and said holder are adjustable 
with respect to their starting distances from said 
body. ~ 

13. A combination as set forth in claim 11 in 
which said power-actuated means is adapted to 
vary the rates of movement of said support and 
said holder in inverseratio to the changing dis 
tance between said source and said medium. 
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14. A combination as set forth in claim 11 in 

which said power-actuated means is adjustable 
with respect to the rates of movement of said 

> support and said holder. 

15. An apparatus as set forth in claim 11 in 
. which said power-actuated means is adapted to 
change the rates of movement of said support 
and said holder in inverse relationship to the 
changing distance between the source and the 
radiation-sensitive medium; and in which said 
power-actuated means is adjustable both with 
respect to the starting rates of movement of said 
holding means and said supporting means and the 

course of on exposure period. 
16. An apparatus as set forth in claim 11 in 

which said holder is adapted to hold a plurality 
of radiation-sensitive mediums in aligned par 
allel positions. 
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