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IMPORTANT ¢+ °* X-RAY PROTECTION

X-RAY EQUIPMENT, IF NOT PROPERLY USED,MAY CAUSE INJURY. ACCORDINGLY THE INSTRUC-
TIONS HEREIN CONTAINED SHOULD BE THOROUGHLY HEAD AND UNDERSTOOD BEFORE YOU AT-
TEMPT TO PLACE THIS EQUIPMENT IN OPERATION. THE GENERAL ELECTRIC X-RAY CORPORA-
TTION WILL BE GLAD TO ASSIST AND COOPERATE IN PLACING THIS EQUIPMENT IN USE.

Although this apparatus incorporates & high degree of protection against x-radi-
ation other than the useful beam, no practical design of equipment can provide
complete protection. Nor can any practjcal design compel the operator or hls as-
sistant to take adequate precautions,or prevent the possibility of authorized or
unauthorized persons carelessly, unwisely, or unknowingly exposing themselves or
others to direct or secondary radliation.

It is important that everyone having anything to do with x-ray work be fully ac-
quainted with the recommendations of the Naticnal Buresdu of Standards,and of the
‘International Roentgen Ray Committee oh x-ray protection,and take adequate steps l

to insure protection agalnst injury.

It is assumed that all persons authorized to use the egulipment are cognizant of
the danger of excessive exposurs tc x-radilation, and the equipment is sold with
the understanding that the General Electric X-Ray Corporation,its agents,and re-
presentatives have no responsibjlity for injury or damage which may result from
exposure to x-radiation.

Various protective materials gnd devices are available. It is urged that such
materiais or devices be used.

FOREWORD sential if such resulis are to be obtained |
and maintained. f
Your Mcdel D3 Mobile Shockproof X-Ray |

Unit represents one of the most outstanding THE FOUR PRIME FACTORS

developments in the design of equipment for

fluoraoscopy and radicgraphy. It is the latest There are four so-called prime factors
development in oil-immersed shockproof x-ray necessary in the preduction of any radiograph.|
apparatus, the bagic principles of which have Milliamperage and penetration, or kv.p., are |
been incerporated in thousands of General considered the electrical factors, because
Electric X-Ray eguipments now in use by physi- | they are controlled by the x-ray unit itself.
cians and dentists the world over. These The other two factors - distance and time of
users attest 1o the amazing efficiency and re- | eiposure - are commonly referred to as the
liability, characteristic of General Electric personal factors, because their control and
shockproof x-ray apparatus. manipuiation are independent of the x-ray gen-

erating equipment.
Since the intreduction of the D series by

this organization, additional features have THE FACTOR OF PENETRATION

been added from time to time to further in-

crease ite already wide field of usefulness. The term penetratlion refers to the high
We sincerely believe that the D3, with its voltage supplied to the x-ray tube by means of
many additional features, represents the the high voltage traneformer and regulated by

finest equipment of iis type available today. use of the contrel Fig., 3, (Illustration 11,

As with all General Electric egquipment, It will be noted that the kilovolt selec-
the mechanical and electrical design of the tor dial incorporates 15 positions, ranging
Model D3 is based, primarily, upon one major from butten 1 to button 15 inclusive. Direct-
consideration, namely, the consistent produc- ly above the autotransformer dial is a selec-
tion of the highest quality end result. In tor switch (Fig. 2). This switch incorporates
order that the user may realize this, the fol-| a high low setting by which it ils possible teo
lowing information regarding operating proce- double the pumber of autotransformer settings
dure is submiited as a guide. without enlarging the kilevolt selector dial

itself. Therefore the autotransformer, in
Obviously, no x-ray apparatus, regardless | combination with the selector switch, has 30
of its design, is capable of operating itself. | buttoneg of voltage contreol. The lowest pene-

In order that the highest quality results be tration value is obtained when the selector
obtained consistently, the operator must under- switch is set on the iow side and the auto-
stand the basic principles in operative tech- transformer is positioned on button 1. Such a
nie, the proper msnipulation of which is es- setting is designated as L-1, From this point

J
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JLLUSTRATION I

the penetration may be gradually increased,
through successlve steps to L-15. To obtain
the next highar setting of the autotransform-
er it will be necegsary to move the auto-
transformer contrel (Fig, 3} to button 1 and
change the selector switch to the high posi-
tien, This is designated as H-1 setting and
the penetration may be further increased by
progressing from H-1 to H-15 depending on the
line regulation and the milliamperes at which
the tuhe is being operated. The steps in
penetration beiween each button of the auto-
transformer, frem L-1 to H-15, are the same
and represent just enough difference in
radiograph density as to be visible on the
film, the percentage difference in density
between autotransformer buttons being approx-
imately 20 per cent when intensifying screens
are used, and 10 per ceni without intensify-
ing secreens,

The purpose of the voltage compensaior,
fig. 4,
out of the autotransformer, is to permit the
regulation of the voltage from a variable
power socurce in such a manner as to maintain
a correct voltage value across the primary of
the high voltage transformer since a change
in the line voltage to the x-ray equipment
would cause & variation in x-ray output., As
a certain amount eof line voltage veriation is
quite commgn, consistent uniformity of re-
sults can conly be posgible, where such varia-
tione are corrected by properly adjusting the
compensator for the line voltage variations.

To adjust for voltages to the apperatus
that are consistently low, or high, variable
taps are hbrought out on the autotransformer
at the end opposite to the compensator taps
in such & manner as to provide adquate con-
trol over a range of voltage between 100 and
135 volts (for the standard A.C. units).
taps are designated L, M, and H for low,
dium, and high voltage ranges.

me -

which has 11 buttons of control brough

These

i

4

The voltmeter {Fig.8} is of the type
having only & center line showing en its dial
face. On the right side of this line is
written "voltage high", to the left is written
"voitege low"., By moving the compensator con-
trol (Fig, 4) from button 1 to 11, the volt-
meter indicator may be made to move from the
'yvoltage low!" side of the line to the "veolt-
age high'" side, if the equipment is supplied
by proper voltage. However, it is desirable
after choosing the proper line tap (L, M, or
H} to set the voltmeter directly on the line
by means of the voltage compensator control
(Fig.4). Then upon energizing the unit at
15 ma, button H-5, it may be noted that the
voltmeter reads low. By shutting off the unit
and moving the voltage compensator up 1 button
the voltmeter may this time on re-energizing,
read directly on the line or very close to it.
This therefore, indicates that Chart #1 en-
closed is the chart to which all future ref-
erence is to be made when the unit is operated
on this particular line. If it is necessary
1o go to the second or third or perhaps
even the fourih compensator button (Fig. 4)
before the voltmeter will read on the line,
means that the line you are operating ot is
not as good as the one that would allow ¥ou to
operate at cone or perhaps at iwo points from
the no-lead setting, This means, therefore,
that for each increase in compensator button
from 1 to 4, a chart is supplied that is eali-
brated for such line regulation {Charts 1 to4)

it

The operative technic chart accompanying
these directions is based on the proper no
load-voltage readings of the compensator volt-
meter on an average line. This means, there-
fore that for your particular installation
there has been radliographically calibrated
this technic chart, the use of which will give
you average radiographs on a male patient
weighing 1530 pounds or a female patient of 120
pounds. The chart supplied can cnly represent
average radliography, however, and it will be
the operator's problem to fill in this chart
with a technie value that his experience with
the unit will tell him appreaches perfection,
These technic values can be eltered at will,
as proficiency in operating the unit develops.

If reference is made to Calibration Chart
#1, at which we can assume your unit is te
operate, you may note that.for a2 milliampere
setting of 2 and & kilovoltage of 45.4 the
autotransformer control should be set on L-1,
This is, as you can see from the chart, the
lowest kv.p. (kiloveolts-peak) that can be ex-
pected from the unit at a2 2 ma., {(milliamperes)
setting., Other values have been worked out
for 5, 10, 15, 20, and 25 ma. These values il-
lustrate that the penetration or autotrans-
former getting (kv.p.) varies as the milliam-
perage is changed., The lower the milliamper-
age for & given autotransformer setting, the
higher the penetration will be and the higher
the ma. for a given autotransformer setting,
the lower the penetration will be, From this
chart it is readily seen that if a radiograph
of proper density is obtained with 15 milli-
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amperes at 60.7 kv.p. on button L-15 and you
desire to increase the wisibility of detail by
bringing the ma. to 25, but still retain the
same density on the film, then you would use
button H-4. It will be noted that there is

also an upper limit to whieh the autotransform-

er control should be set for different values
of ma, For example, at 85.3 kv.p,, 2 ma, is
obtained on H-%7 while for the same kv.p., 20
ma. is obtained on setting H-15. No values
are given for 25 ma. above 8l1.5 kv.p.

If a certain density is to be established
on the film when changing from one ma., to
another on the chart, it is only necessary to
follow across & horizontal line to obtain this
density. For example, a film obtained at H-10
15 ma. can be duplicated in density at H-14
and 25 ma.

THE FACTOR OF MILLIAMPERAGE

The milliamperage through the tube is
controlied by the temperature of the x-ray
tube filament. In the head of the D3 is tc be
found in addition to the tube and high voltage
transformer a filament transformer which
transforms the primary supply voltage to a
value suitable for heating the tube filament
to incandescence. The voltage to the filament
transformer is controlled by a rheostat or
regulator {(Fig. 6) which inc¢reases or decreas-—
es the voltage impressed on the filament of
the tube, thereby increasing or decreasing the
amount of current flowing in this {ilament
thus regulating its temperature for the par-
ticular milliamperage desired.,

The filament control (Fig, 6} is there-
fore the control which will be used to vary
this milliamperage, A milliammeter (Fig, 1]
connected in the grounded side of the high
voltage secondary circuit will indicate the
current, The meter reads up to 30 ma, and the
acale isg divided into 30 inerements of one
milliampere each, The filament control {(Fig.
6) has an arbitrary 10 point scale which
should only be set for approximate values of
tube current. This setting is arbitrary be-~
caugse it will vary with ad justment of the
voltage compensator (Fig. 4} and the auto-
transformer &ontrol (Fig. 3). As you decrease
the setting ef the voltage compensator (Fig.4)
{(that is, turn it to the left) the filament
regulater (Fig. 6) will have to be increased
{turned to the right) or if the autotrans-
former comtrol (Fig, 3) is increased (turned
to the right} the filament regulater (Fig. 6]
will have to be decreased {(turned to the left)
for given milliampere settings.

The above fact takes on added importance
in ghort exposure technic and for this reason
as well as for the protection of the tube, a
Filament Ammeter (Fig. 7) is incorporated in
the filament circuit which will preread the
filament current and by setting this meter to
established filament current readings, the
correct temperature can be set before applying
voltage to the tube. This feature eliminates
testing for tube currents and saves on tube
life, It also greatly facilitates the use of

short exposure technic with the assurance of
duplication of results when the same technics
are used,

For presetting the Filament Ammeter (Fig.
71 & Filament Current Increment Chart (#6} has
been calibrated. The G.E. representative has
established at a setting of B8O kv.p.,, 10 ma.
reading on the filament ammeter of, we shall
say, 2.05 amperes, With this as a reference
peint or base line and a value of 58 kv.p..,
ma, (as an example) chosen from the technie
chart as established values for an A-P pelvis,
you will note from increment Chart #6, that a
value of Q.0% amperes should be added to the
base value of 2.05 to compensate for the in-
crease in technie. Therefore, it will be nec-
essary to set the filament ammeter (Fig, 7) teo
a value of 2.05 plus Q.07 eor 2.12 in order to
gbtain 15 ma. at 56 kv.p. as called for in the
technic chart, Note: The reference filament
current should be checked after every 50 expo-
SUrEes,

a.

15

As previously mentioned, the primary pur-
pose of the filament inerement curve is to ob-
viate the necessity of testing prior to each
exposure, With the necessity for testing ob-
viated, it cah be seen at once that a great
saving in tube life should result,

However, it is not necessary to use the
filament increment curve for all values. Its
use is ordinarily confined to any combination
of milliamperage and kv.p. where the rating
chart of the tube is three seconds, or less.
In other words, if the tube rating chart in-
dicates that it may be operated for 4 or 5
seconds, {or example, when it is recommended
that the proper milliammeter setting for this
value be taken under load or during one test
exposure, If, however, the technic demands
a fast exposure of say 1 second, it is not
advisable to test for this value because the
milliammeter will not come to rest after so
short an exposure; therefore, the [ilament
increment values should be utilized.

THE FACTOR OF DISTANCE

Distance as referred to in radiegraphy
means that distance between the focal spot of
the tube and the film, On the sides and front
of the tube head has been painted white dots;
the focal-film distance is measured from any
of these points. It is to be remembered that
when varying the distance factor, to maintain
the density of the film it will be necessary
to increase the time of exposure or the pene-
tration accordingly. The law to follow is:
the time of exposure will vary inversely as
the square of the distance,

TIME OF EXPOSURE FACTOR

The time factor refers to the time of ex-
posure and for radiography is measured in sec-
onds or fractions thereof.

The time of exposure is controlled through
the use of the hand timer, Illustration 1ll.

The range obtainable varies from 1/8 sec-
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appreciable difference in radiegraphic results

|

|
14 CALIBRATED DlaL |
|

14 INDICATOR ——|Z RESET BUTTON

18 HANDLE—— 13 EXPOSURE BUTTON

ILLUSTRATION 1I

ond up to ahd including 10 seconds. When the
technical procedure calls for exposure values
in excess of 10 seconds, the time switeh is
reget Lo obtain the desired exposure time
value,

The time switch employed with the D3 is
referred to as a "hand timer". The first in-
dieating line on the dial is 1/8 of a second.
The second indicating line is 1/4 of a seceond,
and the third is 1/2 of & second., The fourth
indieating line is 3/4 second and from that
point on the dial is ealibrated in 1/2 second
values.

As in all radiographic work the more rap-
id the exposure, the less the latitude, in so
far as slight errors in exposure time are con-
gerned. Bo, if the pointer of the time switch
were not set exactly on the 5-second mark, no

wpuld be visible. On the other hand, for
fractional second work (particularly 1/8 and
1/4 second exposures), it is essential that
the pointer on the timer be set in exactly thd
same place for avery exposure, if consistent
results are to be obtained, It may be found
that the most simple means for setting the
timer, particularly for the 1/8 and 1/4 second
exposures, i1s to utilize the "eclicks" which
will be heard as the controel knob (Fig. 111 i
set. For example, one "click" will approxi- T
mate 1/8 of a second, and three "clicks" 1/4
of & second. Some variation in time of expo-
sure may be evident when this method is used,
although in the majority of instances the ef-
fect upon the radiocgraph is comparatively
small,

If in setting the timer, the indicator
(Fig. 16) is turned past the desired position,
do not attempt to bring it back by turning the

control knob (Fig. 11} counterclockwise. In-
stead use the reset button (Fig, 12) which
will release the timing mechanism and allow
the timer inddcator to travel back toward the
correct setting without energizing the tube.
After a 1little experience, the operator will
find that the desired time setting can be
readily obtained through the proper juse of
this reset button,

The exposure button (Fig., 13} is a "quick
make" device, the use of which accurately du-
plicates timing values, After the indicator
has been set, this button can be pushed and
the tube will be energized., The contacts that
it actuates are made with unifoerm speed wheth-
er the buttan is pressed slowly or fast, there-
by eliminating the difficulty of the opera-
tor's failing to press the button all the way
in, When this button is actuated it snaps the
contacts together and definite pressure is
maintained agguring a proper path by which the
current will be caerried, As the contacts
close, a resistance is momentarily connected
the primary cireuit to the high voltage trans-
fermer. This resistance prevents excessive
surge voltages in the transformer, As the con-
tacts follew thraough, this resistance is
short-circuited and normel line voltage is ap-
plied te the unit.

THE END RESULT

In this instance, the finished radiograph
is referred to ag the end result. A radio-
graph may be generalily defined as a record of
various types of tissue wherein e difference
in relative copagity to the x-ray exists, Ob-
viously, if the boady did not present such dif-
ferences in eopaclty, radiography and fluoro-
scopa would be impossible,

The ragiegraph may be said to he made up
of four so-called film factors which the opera-
tor may control mere or less through the manip-
ulation of the aferementioned four prime factor
tors,

The four film factors are referred to as:
i.
2.
3.
4.

The highest gquelity result can be produced
only when the operstor thoroughly understands
the differentiation between the four film fac-
tore and the ceptrol of each individually.
There is no definite, clean-cut standard as ap-
plied to all »f the film factors, because vary-
ing opiniohs among leading radioclogists vir-
tually preclude the possibility of definitely
standardizing radiographic quality. However,
the general rule as applied to the above-men-
tioned film factors, is as follows:

A radiograph of the highest quality has
the very maximum in differentiation of
tissue, In order that meximum differen-
tiation of tissue be obtained, regardless
of the subject or part, the first regui-

Detgil or definition
Contrast

Radiegraphic density
Magnification and distortion
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site is maximum sharpness of detail or
definition. The second is proper con-
trast and desired radiographic density,
depending largely upon individual prefer-
ence. The third is minimum magnification
and distortion,

DETAIL AND DEFINITION

Detail, or definitjion, refers to the
sharpness of various contour lines and the
¢lean-cut, clearly defined lines of cancel-
lous structure of the bones. The sharper and
more distinct such contour lines, the better
she detail or definition.

| The five factors which have most to do in
| the production of detsil sharpness or deflni-
| tieon are:

The gize of the tube focel spot
The focal-film distance
The distance of the object from
the film

4, Motion of the part during the
| exposure
' 5, Intensifying screens

l.
2.
3

The smaller or sharper the tube focal
'spot, the [iner or sherper the resultant de-
tail in the film. The Model D3 introduces an
exceptionally fine focal spot which is con-
sistent with the values of voltage and current
which it must withstand.

The gresater the focal-film distance or
the sharter the ob,ect-film distance, the
sharper the resultant detail in the radiograph.
The effect of focal-film distance, as well as
object-film distance, upon detail sharpness 1s
minimized as the size of the tube focal spot
is decreased.

The samall size of the tube focal spot in
the Model D3 permits the use of closer film
|distances without sacrificing detail sharpness
|in the least.

If the part under examination moves dur-
ing Lhe sxposure, a lose in detall will result,
Much of the danger of motlion may be avercome
by properly lmmcbilizing the part with immobll-

[izing band, sandbags, or a compression cone.
iFor these parts of the body wherein immobiliza-
tion 1m diffieult, the time of exposure must

| pe raduced sufficiently to preclude the possi-
[nility of motion, if maximum sharpness is to
|rerult,

| The use of intensifylng screens deuracts
ianmewhat from detail sharpness, That ls,

sharper detail reaults when radiographs are

taken without intensifylng escreens, However,
| the alight loss in detall sharpness caused by
|innenalrylng screens ls more than compensated
| for By the very much aharter exposure-time vald
ues and finer=fecus tubes permitted by thelr
‘une.
L3

On '...".L‘
iy, such aa the thinner extremities,

cther hand, certain parte of the
. erdin-
|

&

arily do not require the use of intensifying
screens because of the relatively low energy
required; hence, screens are usually dispensed
with when doing such work,

Maximum differentiation of tissue is pos-
8ible only when the utmost sharpness of detail
is present,

CONTRAST AND RADIOGRAPHIC DENSITY

These two factors will be considered to-
gether, as their purpose is the same, Both
contrast and radiographic density make detail
or definition more visible. Of the two, con-
tragst probably plays a more important part
than radiographic density; each, however,
indispensable to the other.

is

Both contrast and density are essential
to maximum vigibility of detail, Obviously,
with neither contrast nor density present in
the film, nothing would be visible.

Virtually all factors governing sharp- I
ness of detail or definition can be caongidered
mechanical, with the exception of motion.
Therefore, the factor of deteil or definition
may be considered a somewhat set factor. The
fiim factors of contrast and density, however,
should be considered variable factors, not ‘
only because both must be varied over a con-
siderable range, depending upoen the part and
subject being rayed, but also because of the |
wide variation in opinion among diagnosticieng|
as to what conatitutes the proper combination
of contrast and radiographic density for the
various parts of the body.

Contrast is defined as representing the
difference between the extreme blacks and
whites on the radiograph. Asg contrast is de-
creased, the percentage of differemce between
these various densities on the film is re-
duced, and vice versa.

In contra-distinction to contrast, is
radiographic density which refers to general
appearance of the film. As radiographic den- |
sity is decreased, the various shades of gray |
on the film - from light into near black or |
black - are made darker in the game proportion)
unless the radiograph is that of a definitely |
opaque area, such as the barium-filled stomach|
For example, if 20 per cent additional radio-
graphic density ig added, all of the various
shades of gray on the film become darker by |
20 per cent, As radiographic density la de-
creased, the result is reversed - the excep-
tion, of course, belng areas which are =mctu
ally opaque.

A8 previously mentlioned, every radio-
graph should show, without exception, the max-
imum in sharpness of detall or definition. In
the other hand, maximum differentiation of
tissue means neither maximum contrast nor max-
imum density, but ratvher 2 proper balance of |
contrast and density in order to obtain max- |
imum visibility of detuil.

A radlograph can be so made that it rep-

P E T eTEr—— s
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| resents only a study in black and white. Sup-
| pose that a radiograph of the skull were taken
under conditions which should produce the very
[ eharpest detail, but with & technical proce-
|dure which preduces the proper radlographlc
density only in the much less opague region of
| the sinuses, and leaves the skull itself per-
[fectly white. BSuch a radiograph may be sald
[to possess maximum contrast, but because of
|insuffiecient radiographic density, it would be
|of little value from a diagnostie standpoint.

A radiograph of such quality precludes the fFos-

|sibility of visualizing the sharpness of de-
|tail throughout the bony structure of the head.

| By the same token, a technical procedure
may be used on the same part as would result
in so much radicgraphic density that the en-
ltire film would be one tolor: black, In this
|
|case, ]
|sible, because too much radiographic density

obscures contrast.

The greatest single detriment to contrast
|in the radiograph is secondary fog, produced
by secondary or stray radiation emanating from
|the patient's body. If radiographic contrast
is to be controlled. the mechanical and tech-
nical factors which affect secondary fog must
be recognized.
the relative importance of the various factors
which have to do with the control of secondary
fog, but only in respect to their relative im-
portance - not whether a particular factor
does or does not affect secondary fog.

The so-called mechanical means in general
use for the control of secondary feg are:

1.
2.

The Potter-Bucky diaphragm

The use of cones cylinders, or

seme other means for limiting the

area of x-ray exposure to the
body - that is, port of entry.

Beth the Potter-Bucky Diaphragm, with its
moving grid, and thz "all metal" grid which is
stationary, have the same function in respect
to secondary fog. In each instance, the de-
vice is placed between the patient and the
film, and due to the principle of construction
absorbs a high percentage of the secondary
radiation, which emanates from the patient,
before it reaches the film. The amount of
seccndary fog thus removed depends upon the
design of the Bucky grid and, more important,
the voltage or penetration used.

Seccndary fog to the film is directly
prepertional to the amocunt of primary radia-
tion which enters the body or the part being
rayed. Therefere, any means which limits the
port of entry will reduce proportionately the
|guantity of secondary radiation which could
|affect the film. Of ihe various methods used
|for this purpose, the one most generally
adopted is the use of cones or cylinders at-
tached to the tube stand. In some instances,
a plece of lead with an aperture is used in-
stead of a cone. In other instances, pieces
of lead rubber, with various sizes of aper-
tures, are placed directly over the area %o be
rayed.

maximum visibility of detail is not pos- |

Opinions différ somewhat as to |

Cones and diaphrmgms are obtainable in
many sizes and, regardless of the size of the
cone used, additional contrast is obtained.

It is advisable to use a2 cone for any radio-
graph in which additional contrast is desired.
The very best combination for ebtaining con-
trast, particularly in radiography of the
heavier perts of the body, is the use of both
the Potter-Bucky diaphragm and cones.

The types of cones furnished with the D3
are: an extension cone and a type "K" cone.
The first has a diameter of 4 inches. Its
height when contracted is 74", and when ex-
tended is 13 inches. It is used for sinus
work. A larger compression cone (Type K) is
|furnished for general radiography. It has a
|4%~inch port and is 6 inches high.

| The more opaque the part being radio-
|graphed, the greater the total amount of sec-
ondary fog emarating from the patient. The
|reason for this is the greatly increased
|energy, either in the form of penetration or
miliiampere-seconds. Therefore, the mecre
opaque the part being rayed, the more neces-
sary it becomes to use every available means
for reduction of secondary fog.
|
Many operatoras are under the impression
that inability to obtain the same contrast in
the heavier parts of the body as in the thin-
ner parts , or with the eame part of the body
on individuals of different opacities, is be-
cause of the difference in secondary radiation
produced. This is partially true, but the
]wa~n reason for less radiographic differentia-
{tion between tissues of a heavier individual,
'Ls that there is less difference in opacity
between the thickest and thinnest tissues of
the part being rayed. Tissues of the heavier
patient obviously have a greater filtering
effect, which is opposed t¢ maximum differen-
tiation in the resulting radioecgraph.

Take for example, the spine, which in it-
self is no more opagque in 125-pound subjects
than in 200-pound subjeets. Yet the interven-
ing tissues are considerably more opagque on
the heavier subjects. On the contrary, kidney
radiography, in so far as visibility of kidney
outline is concerned, is more successful on
fat or heavy patients, because the tissues im-
mediately surrounding the kidney are relative-
ly less opague.

The use of intensifying screens may have
a marked effect upon contrast because of the
very important role of penetraticon in the pro-
duction of conirast. The lower the penetra-
tion, the greater the contrast - the higher
the penetration the less the contrast. Be-
cause intensifying screens permit the use of
greatly decreased penetration values over
those necesgsary for radicgraphs taken with-
out screens, the.reason for the influence af
intensifying screens upon contrast is appar-
ent.

The part which penetration plays in the
rrczuctlon of contrast should be considered
m two angles - first, its effeet in pro-
ducing secondary radlatlon emanating from the
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patient’'s body, which in turn affects the
film., It must be remembered that, if two |
radiographs of the same part are taken, each
having the same radiographlc density but pro-
duced with different penetration values, the
che with the lower penetretion will show more
contrast. If the radiographic dens:ity of i
these two films is the same, the actual amount
of scavrtered or secondary radiation set up [
within the tissues is approximasely the same,
but the character of such stray or secondary
radisvion is such that, at the higher penetra-
tion values, a far greater proportion emanates
from the patient’'s body., Consequently, only
the secondary radiation emanating from the
patient's body can affect the film., That
which is set up and absorbed within the
tissues need not he consideredd

Therefore, secondary fog on the film 1is
inereased as the penetration is increased; de-
ereased as the penetration is reduced. If it
were pceesible to wliminate all secondary fog
from the film, penetration would still have &
material elfect upon contrast.

With increased penetration, the x-ray ab-
garption for different densities tends to
egqualize., That is te say, were it feasible to
use g valtage aufficiently high, absgorption
wonid become constant for 411 densities. As
the penetraticn is decreased, the relative ab-
sorption between various opacities will in-
crease; hence, if maximum contrast is desired,
it is obtainable only through the use of a
relatively low penetration.

For further illustration, we may compare
the hody composed of tissues varying in opasc-
ity pr.ability to absorbh x-rays - with the
pangtrameter, The penetrometer is a so-called
aluminum ladder, made up of different thick-
nesses of aluminum, Let us assume for example,
that this particular ladder is made up to ten
gteps; the first step 3 mm. thick and each
gupceeding step increasing 3 mm. in thickness,
with the tenth, or last step, 30 mm. thick.

If this aluminum ladder were radiographed
with s sufficiently low penetration value, it
would be possible to virtually blacken ocut the
lower or thinner steps, while the thicker and
more dense steps would be appearently opaque,
On the other hand, if the voltage were in-
creased and the total number of milliampere-
seconds were reduced to the peint that the
dengity in the thinnest step of the ladder is
the game as for the low-voltage radiograph,
the resuylt could be a complete visualization
of all the steps of the ladder, including the
most opaque.

The percentage of difference in density
between each step of the ladder would be mate-
rially lees with the high penetretion result
then for the low penetration result. This ef-~
fect would be approximately the same, even
though 1t were poasible to remove all second-
ary fog from the film.

hgcordingly, penetration within itself,
‘mand entirely aside from its effect upon sec-

*

ondary radiation, may alter the contragt in |

the radiograph.

The product of milliamperage and exposure

| time is referred to as milliampere-geconds,

|
|
Milliampere-seconde has no effect upon radio-
graphic contrast except in thege areas of the
body wherein a portion of the radiograph is
actually opaque. In other words, a change in
milliampere-seconds alone does not affect the
‘difference between the various opscities in a ‘
given area.
|

On the contrary, penetration, in addition |
to its material effect upon contrast, likewise
affects radiographic density. When the factor |
of penetration is utilized to change radie-
graphic density, the resultant contrast on the
film decreases with each increase in penetra-
tion, and. vice versa. When milliampere-sec-
onds are used to change radioegraphic density,
the actual contrast in the film does not
change unless secondary fog to the film ise
changed., - -Consequently, with a given penetra- |
tion and with the same subject, secondary fog
to the film is directly propertional to the
milllampere-seconds employed. The greater the |
number of milliampere-secondg, the greater the |
guentity of secondary fog tec the film, and i
vice versa. |

On the other hand, the factor of peneira-
tion should be used whenever possible to change|
radjographic density, in preference to¢ the
milliamperage factor, which is undesirable
primarily because of its effect upon the x-ray
tube, and also because of the change in pene-
tration as the milliamperage is varied. The
time of exposure factor should not be con- |
gidered the varieble of cholce, bhecause of the |
possibility of motion,

When it is not practical to vary penetra-
tion, the second choice is time of exposure.
As already mentioned, if only milliampere-sec-
onds can be changed, the operator has little
or no control over the factor of contrast, ex-
cept through the use of mechanical appliances; |
that is, the Bucky diaphragm and cones. |

Maximum differentiation of tissue is ut-
terly impossible unless the facter of penetra- |
tion can be varied. There are, of course,
other factors which may have a material effect
upon both contrast density, but such faec
tors are well within the control of the opera-
tor if a sufficlient amcunt of care is exer-
cised, The age, temperature, and condition of
the developing sclution; length of developing
time, etc., have a material effect upon both
contrast and density. Additiomal information
about the above mentioned factora may be found
clsewhere in this booklet.

MAGNIFICATION AND DISTORTIGN

The other factors to consider in the
analysis of the basgic principleg underlying
the production of maximum differentiation of
tisgue, are magnification and distortion.

Many operatore erroneously consider these fac-
torg to be synonymous, but the distincticn is

==
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| marks,

easily understood when they are considered
separately.

The factor of magnification plays a rel-
atively small part in the diagnostic value of
a radiograph, unless it reaches such a propor-
tion that certain objects are entirely ob-
scured by the increesed size of other parts
of tha body farther away from the film.

The closer the object is to the film, the
less is the magnification, and vice versa.
Likewise, the greater the focal-film distance,
the less the magnification, and vice versa.

Naturally, focal-film distance and ob-
ject-film distance must be used reciprocally.
The closer the object to the film, the less
the focal-film distance may be; and the great-
er the distance between the object and film,
the greater the focal-film distance should be,

It is not practical to eliminate magnifi-
cation entirely, although the careful operator
may reduce it to the minimum,.

As previously mentioned, the object-film
distance, as well &8 the focal-film distance
affects not only magnification but detail
sharpness as well, The use of sharper-focus
tubes minimizes thé effeet of magnification in
its relation to the diagnostic value of the
film.

The factor of distortion may,
be elassified with magnification, although it
is not the same. In the first place, it is
poEsible to have magnification with little or
ne distortion, On the other hand, it is very
difficult te have distortion without magnifi-
cation.,

of course,

In this instance, distortion is referred
te a8 actually distorting or changing the true
shape of the part under examinatien, Distor-
tion is caused by the improper relation of the
tube to the object. The operator should be
pufficiently familiar with anatomical struc-
ture so as to avoid true distortion whenbkver
possible.

If the object itself is actually rouhd,
certainly little if any advantage is gained by
g0 centering the. tube that such object on the
film appears to be elliptical. This, in a
gense, is what is meant by true distortion,

DARKROOM

In the meking of an exposure, the film
passes through seven processes in the darkroom,

as follows: (1) loading, (2) unloading, (3)
developing, {(4) rinsing, (5) fixing, {6) wash-
ing, and (7} drying.

Care must be exercised in handling the
films in order to avoid abrasions, static
and disensitized areas. Abrasions are
fine, black hair-lines ordinarily caused by
friction on the emulsion. They are produced
by rubbing on the emulsion surface. Static

marks are fine, black branch-like linesgs appear-
ing on the clear portion of the fiim, caused
by the exposure of the emulsion to some form
of static discharge. They may be produced
during a part of the manuwfacturing progess,
at any later handling af the film hefpre de-
veloping. Transparent spots on the film may
be caused by: kinking the film during the
| loading or unloading process, which resgults in
| desensitized areas: by spots on the intensify-
| ing screens; foreign matter of any kind of the
| fiim; air bubbles in development; bubbles ln
|the emulsion itself; storing filme in & wet
place; or by careless handling of the film
[while wet.

or

| THE DEVELOPING SOLUTION
|

The developing solution oxidizes the sil-
ver bromide that has been affected by exposure.
In other words, it changes the latent image of
an exposed film te a visible image.

There are several different chemicals in
the x-ray developing solution, the names of
which may be obtained from the manufacturer.
| However, it is advisable to use the standard
package developer, as prepared for the type of
| films used, which insures proper guantity and
quality of the chemicals. Any variation of the
guantity or quality of the chemicals may upset
the balance, thereby bringing about a propor-
tional change in the end result. The develop-
ing solution should be mixed asccording to the
directions on the package.

The life of a developing solution depends
upon the amount of film surface developed,
temperature at which the solution is kept,
amount of exposure to the air, freedom from
contamination, ete, Ordinarily the develeper
may be used until it becomes necessary to
change the operating procedure to make up for
the loss of density caused by the weakened de-

veloper. Maximum radiographic quality can be
obtained only with a clean, fresh developing
solution.

An under-exposed film cannot be corrected
by prolonged development. Prolonged develop-
ment will only give & chemical feg and will
obliterate part of the radiographic detail al-
ready obtained. An over-energized film may be
partly corrected by shortening the time of
development, However, the best results can be
obtained only through utilization of the prop-
er electrical energy that permits the film to
receive the correct developing time, depending
upon temperature.

Immediately following the developing pro-
cess, the film should be cerefully rinsed in
running water, by rapidly raising and lowering
the film for about five geconds. This process
should be short, because the developing proc-
ess continues during the rinsing time or until
stopped by the fixing solution. However, im-
proper rinsing may produce stained films, and
it is a much more common practice to rinse
ingufficiently than too much.
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THE FIXING SCLUTION

The hypo, or fixing solution, dissolves
out the unexposed and undeveloped silver
bromide, leaving a permanent silver oxide im-
age. The fixing sclution, as in the case of
the developing solution, should he obtained in
package form for the most consistent results.
As in the case of the developer, full direc-
tions are given for mixing.

When fixation is completed, the film
should be washed from 15 to 30 minutes in run-
ning water. The temperature should be as near
that of the other solutions as 1s practicable.
If poesible, the wash water should cover the
hanger as well as the film.

Following the washing process, the film
should bte hung up to dry in a warm place - |
preferably where the air is circulating. The |
temperature of the air may be from 35 degrees
to 80 degrees, Clean, dry air, at a temper-
ature of about B0 degrees Fahrenheit, is quite
satlsfactory. The time of drying will depend
entirely upon atmecspheric conditions - espec-
ially cireulation, humidity, and temperature.

TECHNIC CHART

The technic chart accompanying this man-
ual has been developed for average radio-
graphy utilizing calibration chart #3. 1If,
however, the line regulation is such that
either chart 1, 2, or 4 is to be used, then it
will be necessary to maintain only milliampere
seconds at the same kilovoltage in order tao
optain the correct density on the film. For
example, to radiograph an A-P ankle the tech-
nic chart specifies 62 kv.p., 15 ma. at 5 sec-

onds as the values necessary for average radio

graphy. If you find that the unit testg for a
line conditien which necessitates the use of
chart 4, then it will be necessary to increase
the kilovolt selector from H 2 (chart 3) to H3
{chart 4}, but still maintain the same ma. sec-
ongs {15 x §) to obtain the ¢orrect density.
Should you find that chart 1 can be used, then
it will be possible to increase the milliam-
peres and decrease the time; in other words,
if it is desgired to maintain 75 ma. sec., which
is (15 x 5) ma. seconds, then 25 ma. on button
H 5 for 3 seconds {equals 75 ma. sec.} will
produce the same density as the technics given
gbhove.

It must be remembered that when line reg-
wlation permits changing to other calibration
eharts than that for which the technic chart'
wae worked out {(chart 3), the kilovolt selec
tor will of necessity have to be changed in
order to obtain the same penetration.

Any variation in size of the person to be
radicgraphed suggests that alterations should
be made on technic chart values. The technics
a8 given can be used as a starting point to
find what values are necessary to obtain a fin-
igshed result. Experience will be the best
teacher in becoming proficient in using this
chart.

ting.

Description of the Technie Chart:

The e¢hart selected is divided into sever-
al groups, in order to facilitate finding the
technic for any part of the body.

The first column is designated as
"Regiaon®. The abbreviation "P.A." means
pesterior-anterior or from back to front. If
a "P.A." view of the hand is desired it will
mean that the hand will be placed on the cas-
sette with the palm toward the Film and the
tube focal spot directed at the baek of the
hand.

The abbreviation "lat."™ designates a
lateral view. For example, a lateral view of
the ankle would be taken with one side of the
ankle toward the film. The lateral view
could be taken with either the inside, or the
cutside of the ankle toward the film. How-
ever, it is common practice, when such a view
is to be taken, to place the patient in the
most comfortable position - which is with the
outside of the ankle or part toward the film,
and the inside toward the tube.

For many other parts of the body it makes
little difference which side of the part is
nearest the fi1lm in the lateral view provided
the diagnostician is familiar with the posi-
tion used. It is common practice to standard-
ize positioning and not deviate in routine
work.

The abbreviation "A.f.ﬂ refers to the
anterior-posterior view. In this instance
the posterior part is placed toward the film
and the anterior part nearest the tube.

The abbreviation "Semi-Lat." refers to a
semi-lateral or oblique position. In this in-
stance the part is turned approximately half-
way between lateral and either "A,P." or "P.A.V

The abbreviation "A.D." refers to above-
the-diaphragm. The only part of the body
where reference to this position is made is
the ribs.

The heading of the third celumn is "kilo-
volt selector”, The terms "Low" and "High"
may be placed in this column and will have
reference to the setting of the selectior
switeh (Fig. 2, Illustration I) in either the
"low" or the "high'! positien in order to ob-
tain the correct voltage values as present
on Chart 1.

The fourth celumn represents the kv.p.
gbtained from a certain autotransformer set-
It is to be noted that this column has
been filled in with figuregs which may be taken
as seo-called "ideal®" gsettings, for they are
based on average sized individuals., For vary-
ing the penetration (kv.p.} for individuals
other théan average size see Tables A and B.

The blank coclumn is provided to enable
the operator to record such changes in penetra-
tien as are deemed necessary, either because
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of individual preference, as regards radio-
g;aphic density, or because of a variation in
either speed of films or intensifying screens.

The kv.p. settings as given on the chart
must be considered as approximate. Hach val-
ue in penetration, as given, should be used as
a guide, and the blank space previded should
be filled in by the operator to suit individ-
ual preferences.

It ig suggested that a radiograph be
‘taken using the penetratian values as given on
the ehart. The result will indicate whether
the value, ag given, must be increased or de-
ereased. If expesures are made (both with and
without intemsifying screens) and proper com-
pensation made on the test films, the neces-
8&8F ¥ penetration ehange should be made cor-
respondingly for all other parts of the body.
Some variation will be present, but it will be
found that the desired result can be pbtained
much more quickly from such a c¢hart than if
all faetors were left a matter of individual
choice.

For example, if a radiograph in the ex-
tremity group {(such as a wrist) is taken ac-
cording 1o the non-screen précedurs outlined
in the teehnie chart, it may be found that two
autoiranseformer buttons higher are reguired to|
sroduce the degired density. In view of the
above change, it will be found that all other
parte of the body, wherein the non-screen tech
nic is recommended, will probably require two
additional autotransformer buttons.

When the desired value has been found,
the blank space should then be filled in by
the operator.

The fifth column is "Milliamperage". The
millidmperage should be set according to the
instructions given previously in this mahual
and should be maintained during the length of
exposure. Line conditions may sometimes nec-
essitate changing the filament regulatar set-
ting, even during a 5-second exposure, if the
proper milliamperage is to be maintained; how-
ever, this should neot happen if the praper
power is supplied the unit. Because of the
effeet of milliamperage variation upon pene-
tration and the combined effect upon density,
the milliamperage values must not be permitted
to vary if consistent results are to be ob-
tained.

Radicgraphic density varies directly as
both milliamperage and time of exposure (sixth
eolumn)., Multiplying the milliamperage by the
time of exposure equals milliampere-seconds.
Therefore, the common rule is that redio-
graphic density varies directly as milliampered
seconds.

That is, if 20 per cent additiopal milli-
awperage or time of exposure is given, all
other facters remalning the same, the radio-
graphic density will be increased 20 per cent.

For exposure values of one second or
]

| previously stated,

| maintain radiocgraphic density. .
| exposure value given on the chart, deduet five|
the P.A.|

longer, slight inaccuracies in the setting of
the time switech may not noticeably reflect in
the film. Obviously, the shorter the exposure
value, the greater the necessary accuracy in
setting the timer if consistent densities are
to be obtained.

The seventh column is "Distance". Ag
this refers to the distance
from the foeal spot of the tube 1o the film.
Because radiographic density varies as the
square of the distance, this faecigr must be
carefully set. A differemnce of even I inches
in 28 will cause a variation of 25 per cent in
radiographic density.

The eighth column is for "Fllament Am-
peres", which is teo be established on instal-
lation.

The ninth column indicates if the Bueky
diaphragm is used. If Bucky work is contem-
plated, it will be necessary to add 15 kv.p.
to the values given or to increase the time by
4. Care should be exercised to see that the
rating of the tube is not exceeded in making
increases of this sort.

The tenth column designates whether or
not intensgifying screens are recommended.

For all paris of the body wherein inten-
s5ifying screens are utilized, Patterson Hi-
Speed Screens and General Electrie Rayspeed
Cassettes are recommended.
this will necessitate a change in the chart
either as regards autotransformer settiing er
time of exposure.

To change the radicgraphic density for
any area, the hest results will be obtained ifl
only one factor at a time is changed. The two
factors which may be considered variable are
penetration and exposure time. Of the two,
penetration is preferable.

Immobilization of the part zhould always
be provided when possible, sandbags for such
parts as extremities; immobilizing bands for
the skull, pelvis, spine, etc.; compreesion
cones or extension c¢ylinders for sinuses.

For children from five to twelve years of
age, either a reduction in penetration of ap-
proximately 10 kv.p. should be made, or the
exposure time as given on the chart for the
average adult shoudd be reduced 50 per cent.

If it is desired to select a procedure
which differs from that given on the chart,
any number of combinations are praetical. If
the expeosure value given on the chart is re-
duced to one-half, 10 kv.p. must be added to
To double any

autotransiermer buttons. For example,
chest proecedure given in the Technic Chart is
as follows:

Avtotransformer button H-4, or 685 Kv.p.
15 milliamperes

Any deviation from|
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48 inch distance
1/4 second exposure time

If it is desired or necessary to use
twice the time at the distance given, the
kv.p. value would be 56, instead of 6.

The only consideration in making such
variation is net to exceed the penetration
limit in kv.p, for each milliamperage value.
If the necessary increase in penetration is
such as to exeeed the limit, then either the
time of exposure must be inereased, or the
distance decreased.

However, the time values as given are
well within most of the limitations establish-
ed by common practice, and the charts have
been prepared only after careful consideration
of the various exposure-time values in general
use.

Other necessary informaticn concerning
the use of the technie chart will be found on
the chart itself and should be carefully
studied.

It is only through careful cbservition
and attention te details that the greatest
value can be obtained from even the highest-
powered x-ray equipment. The design of the
Model D3 is such that the time values for the
great majority of areas are either the same or
very little longer than those recommended for
the most powerful equipment. With its ex-
tremely small focus tube, it is capable of
producing a sharpness of detail or definition
net possible in any other equipment, regard-
less of size. Therefore, careful considera-
tion of the factors ag given for the various
parte of the body specified will produce re-
sults of amazing diagnostic quality.

RADIOGRAPHY ©F SUBJECTS OVER OR UNDER AVERAGE
SIZE

The radiographic technic, as given in the
chart, 1s based upon male and female subjects
of average gize, As there is variation of
opinion as to what constitutes a so-called
"average" sized aduli, an explanation may be
oi assistance.

The average man is approximately five
feet nine inches tall, and welghs approxi-
mately 150 pounds. The average woman for
the same approximate thickness will be con-
sidered five feet two inches in height, and
welgha 115 to 120 poundg, It ig upon these
averages that the technic is based. The
term "average weight" refers also to the
individual whose weight is more or lsss even-
ly distributed over the entire body. This
is gomething the cperator must always take
into consideration if more uniform resulis
are to be obtained.

There are other factors besides thick-
ness of part which affect the end result, such
as the patient's age - whether the patient is
more or less soft, or hard and muscular - etc.

Some individuals, because of such conditions,
are easier to radiegraph than others, so there
is no definite rule that can be feollowed with
absolute accuracy. However, a&s the operator
increases his or her experience, errors in
Judgement - due to the patient factor, will be
reduced to the minimur.

A variation in thickness of extremities
ghould not cause a great deal of difficulty,
as such werk is easier to compensate for than
work with heavier partg, because so many com-
parative regions are listed in the technic
chart. If the object being radiographed is an
ankle swollen to the size of the average knee,
then the knee technic should be used; or, if
the individual is of such size that the normal
ankle is the size of the average knee, the
same holds true., The operator with limited
experience should spend considerable time in
studying the thickness of the part which is
being radiographed; with added experience, the
errors due to poor Jjudgment of the thickness
of the subject will, of course, be reduced.

Variation in thickness and size of the
trunk - that is, pelvis, kidney, lumbar spine,
etc. - is much more difficult to judge, even
for the experienced operator. It is due pro-
bably to this reason more than any other that,
wherever a lack of uniformity exists in the
routine results produced in the laboratery, it
is usually with the heavier parts of the bedy.
When the subject to be radiographed is unus-
ually large, there is a tendency on the part
of the operator to use too much penetration;
that is, the idea seems to prevail that the
best results will bpe obtained if the peneura-
tion is materially increased, and if the opera-
tor's judgment is poor, that the film can be
saved in the darkroom by removing it from the
developer before fully developed. Such pro-
cedure is almost fatal in so far as contrast
is concerned; yet this is common practice,

In most instances it is more difficult to
radiograph thick parts than thin ones, and in
ail probability this will always be the case;
but, at the same time; every effert should be
made 1o produce the finest possible result re-
gardless of the thickness of the pastient. A
film which is toe light in radiographic den-
sity, but which has received full development-
or a film which is too dark in radiographic
density and has also received full development
- at once tells the operator that the energy
used has either been insufficient or too much.
In either case it is a relatively simple mat-
ter to go back and eithef increase or decrease
the energy for the next radiograph. The ex-
perience gained from such a procedure will be
far more valuable when the next heavy patient
is to be radiographed than the experience
galned from considerably too much energy and
too little developing time,.

As a guide for variation of techniec, ac-
cording to the thickness of the trunk and the
body especially, the following tables may be
of assistance, Tablie "A" includes all the
regions of the trunk except the lateral lumbar
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spine.

| in thickness as rapidly as the weight of the

| patients might indicate.

A separate table feor this part is nee-
essary because this region does nat increase

The operator must,
neceggarily, learn from exverience to judge |

patients who do not come under so-called

| who weighs 200 pounds,
| Teet 2 inches tall weighing 140 pounds.
| any case it is,

stance, a female patient 5 feet 2 inches tall
or a male patient 6

In
after all, a question of

thickness, not of weight, which the operator

| must consider,

"average® clagsification, such as, for in-
TABLE nAv

Variations from the average technic given on the teechnic chart,
for all parts of the trunk of the body, except the lateral lumbar spine.

Male Female
Weight-Height Weight-Height
100 lbs. 75 lbs. Deduct 12 kv,p. from that shown on the
5ta2n 4'tyn chart, or multiply exposure time by 6/10.
Fer best average routine results, a change
in kilovoltage is preferred to a change in
exposure iime,
} 125 1bs. 10Q 1bs. Deduct 6 kv.p. from that shown on the
| B 4'10" chart, or multiply the exposure time by
! 8/10.
150 lbs, 120 1lbs. See the technic chart,
. 51gn 5*2n
|
175 Ibs. 145 1bs. Add 9 kv.p, to that shown on the chart or
5*1o" SR multiply exposure time by 1-3/10.
200 lbs. 170 lbs, Add 18 kv.p. to that shown on the chart or
6'QN Byt Gl multiply the expesure time by 2-1/2,
225 lIbs. 1¢0 lbs. Add 24 kv.p. to that shown on the chart,
60" 5rgn or multiply exposure iime by 3-1/3.
250 1ibs. 210 lbs. Add 30 kv.p. to thaet shown on the chart,
g'1n 5'gt or maliiply exposure time by 5-1/2.

LUMBAR SPINE, LATERAL
density upon the same gubject, hut to compen-
In radiography of the lumbar spine in the | sate for a variation in thickness of part.
lateral pesition, the operator may find it
necessary to change expaosure time as well as
penetration, to compensate for a variation in
the thickness. This holds true particularly
if Hi-Speed screens are not available. When
possible, however, the penetrat.on should be
uged as a variable factor - net only to change

Because of the relatively slight differ-
ence in opacity hetween the lumbar vertebrae
and surrounding tigsues, it is advisable to
set the time factor as long as practiecal, in
order that the lowest possible penetration
be employed.

TABLE "BY

Variation from standard technic¢ on the lateral lumbar spine,
for patients above or below average weight and thickness,

Male Female
100 1lbs. 75 1bs. M&T?iply the exposure time shown on the
b chart by 3/5, or deduct 12 kv.p.

125 1ibs. 100 lbe. Multiply the exposure time shown én the
chart by 4/5, or deduct 6 kv.p.

150 1lbs. 120 lbs. Use the technic as shown on the chert.

175 lbs, 145 ibs, Multiply the expeosure time shown cn the
chart by /4, or add 6 kv.p.

200 lbs. 17¢ lbs. Multiply the exposure time shown cn the

chart by 6/4, or add 9 kv.p.

(14}
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Male Female
225 lhbs. 190 lbs. Multiply
chart by
250 lbs. 210 lbs. Multiply
chart by

The penetration limitation, with the
Model D3 operating at various milliampetages,
has been previously given. This penetration
limit should not be exceeded, as demage to
the tube may result. Before making any gques-
tionable exposure, consult chart #7. Thils
precaution will prevent over-rating the tube.

INFANTS AND CHILDREN

It is realized that the following is
rather scanty in its informetion, but the
latitude which will be found - partlcularly
in rapid exposure technics - is such that
the recommendations made on the chart will
gserve ag an excellent starting point. Natu-
rally, variations will have to be made -
depending upon the circumstances and the ac-
tual size of the subject. The following is
the variation in penetration or time of ex-
pogure from the technic shown, and based upon
an individual of everage size.

INFANTS

Deduct 21 kv.p. from that shown on.the
chart, or use 1/4 the exposure time. When
immobilization is a factor, the sherter expo-
sure time should always be employed.

CHILDREN

Deduct 10 kv.p. from that given in the
ehart, or use 1/2 the exposure time, When
immobilization is a factor, the shorter expo-
sure time should always be used.

It will be found that exposures of 1/8

of a second are more practical for this type
of work in most cases.

HEAT DISSi{PATION

The cooling curves shown on Chart #8
give the load 1limits of the D3 head. The

the exposure time shown on the
7/4, or add 12 kv.p.

the exposure time shown on the
8/4, or add 18 kv.p.

curves based on temperature and bellows com-
pression are actually equivalent cooling
curves plotted in terms of the maximum heat
dissipated from the head during any one-half
heour interval.

An exposure given in the rating charts
may be made whenever the heat still in the
heed from previous exposures, together with
the heat involved in the one to be made, does
not exceed 450,000 unite which is calculated
as the product of kv.p. x ma. x seconds. This
value is an arbitrary unit of heat that has
been adopted for convenience in the discus-
gion of this cwooling chart.

The heat stored in the tube from an ex-
pesure of 80 kv.p., 25 ma., 5 seconds, would
be 10,000 kv.p. ma. sec. and forty-five such
exposurea could be made without rest inter-
vals other than a thirty-five second inter-
val between exposures. ;

If a series of 50 exposures is desired
at. the above technic it will produce 500,000 |
heat units (kv.p. ma. sec.). This it is seen |

|
|

is too high; therefore a series of 45 are
given, which gives 450,000 hemt units, and
before the next 5§ exposures are made the tube
must be allowed to eool until the heat pro-
duced by the first 45 is sufficiently low to
allow the additional 50,000 to be added with-
out exceeding a total of 450,000 units. The
tube must therefore cool down to 400,000 heat
units remaining before the 50,000 can be
added. This requires a cooling interval of
18 minutes.

These rating charts indicate maximum en-
ergies that must not be exceeded. Operatlen
at these ratings makes possible the best ra=
diagraphiec results that are consistent with
reasonable tube life. A longer tube life can
be obtained, however, by the use of lower en-
ergies - well within the values given on this
chart.

{15}
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PERTAINING TO EXPOSURE VALU

It is imperative that the user of this
x-ray equipment should know how much x-ray ex-
posure may be given te a particular area with-
out exceeding safe limits.

The maximum permissidle exposure values
given in these tables are intended as a guide,
and to be used until the user can replace them
with data based on the actual measured output
and his own estimate of the value of the
threshold erythema, For assured safety these
values ghall not be exceeded until they are

replaced by the users own values.

The tables of maximum permissible ex-
posure values are based on: (1} The average
cutput of a typical installation. (2) The
average figure of 275 roentgens for a
fthreszheld erythema." (3] A factor of 50 per
cent to cover unpredictable variations in
either of the first two factors.

The tables cover two conditions, namely,
radiography and fluoroscopy. This is neces-
gary because in fluoroscopy the fluoroscopic

RADIOG

In using the Model D-3 Shockproof X-Ray
Unit for radiography in any of its combina-
tions, the inherent filtration is less than
when doing fluorescopy with the shutter con-
trol in place. The difference in total fil-
tration is 1.5 mm. aluminum less when the
shutter control unit is not in place which re-
sults in a lower exposure limit as can be seen
on comparing the tables.

EXPOSURE VALUES IN
MILLIAMPERE SECONDS FOR
RADIOGRAPRY

MAXIMUM PERMISSIBLE:

For All Parts of the Body

ES WITHIN SAFETY LIMITS

shutter control introduces 1.5 millimeters of
aluminum added filter which is net present in
doing radiography.

The exposure limits as given in the
tables are in milliampere seconds. Thus, 150
milliampere seconds would be given in 10 sec-
onds at 15 milliamperes, or in 30 seconds with
5 milliamperes, or in 50 seconds at 2 milli-
amperes; the exposure in each case, expressed
in milliampere seconds being merely the pro-
duct of milliamperes and time of exposure.

The tables given for radiography show
two values of exposure limits, one for all
parts of the body except the head, and a
second value for the head which is approxi-
mately 25 per cent less than the first.

In referring to the tables the first
column indicates the focal-skin distance as
measured from the focal apot of the tube to
the skin surface nearest the tube. The sec-
ond column gives the number of milliampere
gseconds that may be employed safely.

RAPHY
Focal-Skin Milliam- Focal-8kin Milliam-
Distance pere Distance pere
{Inches} Seconds {Inchesg) Seconds
12 380 12 290
14 520 14 390
16 680 18 510
18 870 18 650
20 1060 20 800
22 1280 22 960
24 1530 24 1150
26 1790 26 1350
28 2070 = 28 1570
30 2380 30 1800
NOTE: After any part has received the full

exposure limit in milliampere-seconds,
a minimum of twenty-eight days should
elapse before further exposure is
given. The limit as given in the
table may be repeated after twenty-

Excepting the Head For the Head
Focal-gkin Milliam- Focal-8kin Milliam-
Distance pere Distance pere
{Inches) Seconds {Inches) Seconds
10 265 10 200
FLUORD

The following fluoroscopic precautions
and procedures shall be observed.

The operator shall allow his eyes to be-
come fully accommodated to the darkness be-
fore starting a fluoroscopic examination.
may be done by remaining in a dark room or
wearing fluorescopic goggles provided with
special dark lenses. AT LEAST FIVE TO TEN
MINUTES ARE NECESSARY FOR PROPER ACCOMMODATION
OF THE EYES.

This

Failure to observe this rule will result

eight days have elapsed.

SCOPY

in unsatisfactory fluoroscopic vision and will
tempt the operator to inerease the milliam-
perage, kiloveltage, and time, beyond the
recommended minimum value and thus expose the
patient, and under certain conditions, him-
self, to dangerous amounts of radiation. This
rule applies with particular emphasis to the
uge of head type fluoroscopes.

X-Ray protective devices, such as lead
rubber gloves, lead rubber aprong, lead pro-
tected fluoroscopic chalr, etc., shall always
be used. The operatcer's bare hands shall

(17



Directions No. 11039

6-E MODEL D3 MOBILE SHOCKPROOF X-RAY UNIT

never be exposed to the }—ray beam.

THE DISTANCE BETWEEN THE TARGET OF THE
X-RAY AND THE PATIENT'S SKIN SHALL BE AT
LEAST TEN INCHES. Greater distances are
preferable since they reduce the likelihood
of over-exposure and improve the fluoroscopie
image. The intensity of the x-radiation
reaching the patient's skin varies inversely
with the square of the distance from the tar-
get of the x-ray tube; for example, the in-
tensity at 10 inches distance is 4 times that
at 20 lnches distance, all other factors re-
maining the same.

The best practice is to use a minimum of
1 mm. aluminum filter, or more, between the
x-ray tube and the patient. (1.5 mm. of
aluminum is included in the fluorcscopic shut-
ter that may be included with this Model D-3
unit. When the shutter is not used, the in-
herent filter is equivalent to approximately
0.5 mm. aluminum. ]

The milliamperage setting shall be as
low as possible without sacrificing satia-
factory fluorosceopic vision. MILLYAMPERAGE
SHALL IN NO CASE EXCEED 5 MA.

Kilevoltage is set in accordance with
the thickness and density ef the body part
baing examined. For best visiom it ghall be
kept as low as possible, although with un-
usually heavy patients the full 85 kv.p. may
be used. It is common practice to use not

more than 3 ma. at not more than 85 kv.p. for
abdominal flueroscopy, 3 ma. at 70 kv.p. for
chest, and 3 ma. at 60 kv.p. for extremities.

The general rule is to use the lowest energy
which will provide the desired fluoroscopice

visualization.

Make shorti, intermittent exposures
rather than long, continued ones. This
practice allows the eyes to re-accommodate
during the dark intervals and increases the
vigsibility of the image. It reduces the
amount of radiation the patient recelives and
prolongs the life of the x-ray tube.

Restrict the size of the radiation
aperture (shutter) to the smallest area
necessary to cover the part being examined.
This prevents needless exposure of other parts
of the patient's body and improves the sharp-
ness of the fluoroscopic image.

Consult the tube rating chart for
maximum permissible operating time, kilovelt-
age and milliamperage which apply to your
flueroscepic tube. Never exceed these rat-
ings.

Keep a record of exposure factors used
during the.examination. Since the effect of
¥-radlation is cumulative, be certain that
the amount applied by you to the patient,
gether with the amount, diagnostiec or
therapeutic, which the patient may have re-
ceived during the period of four weeks pre-
ceding, together with the amount which will
be used for radiography during the course of
your examination, dees net in its combined
total fer any area, exceed the generally ac-
cepted maximum safe limits.

to-

As a guide in determining the safe ex-
posure faectors, congult the following tables
of maximum permissible exposure values in
milliampere-seconds.

I.

MAXIMUM EXPOSURE VALUES IN MILLIAMPERE-SECONDS
FOR ALL PARTS OF THE BODY EXCEPTING THE HEAD

NOTE:

given.

. eight days have

TARGET SKIN WITH FLUOROSCOFIC SHUTTER . WITHOUT FLUOROSCOFIC SHUTTER
DISTANCE [Total filtration {Total filtration
approx. 2 mm. al) approx. 0.5 mm. al)

10 1300 265

12 1870 380 1

14 2550 520

16 3325 680

18 4210 80

20 5200 1060

22 6290 " 1280

24 7490 1520

After any part has received the full
exposure limit in miiliampere-seconds,
a minimum of twenty-eight days should
elapse -before further exposure is

The 1limit as given in the
table may be repeated after twenty-

elapsed.
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II.

MAXIMUM PERMISSIBLE EXPOSURE VALUES IN
MILLIAMPERE-SECONDS FOR THE HEAD

WITH FLUOROSCOPIC SHUTTER

TARGET BKIN (Total filter

WITHOUT FLUQRQSCOPIC SHUTTER
{Total filter

DISTANCE approx. 2 mm. al) approx. 0.5 mm. al}
10 975 200
12 1400 290
14 1910 390
16 2500 510
18 3160 650
20 3500 800
22 4720 960
24 5620 1150C
NOTES ON THESE TABLES CHANGE IN MAXIMUM PERMISSIBLE
KV, EXPOSURE VALUES
After any part has received the full ex- —
posure limit in milliampere-seconds, a minimum 85 No Change
of twenty-eight days should elapse before fur- 80 Increase by.,10%
ther exposure is given. The limit as given on 70 Increase by 35%
the chart may be repeated after the above- 60 Increase by 80%
mentioned pericd of time has elapsed.
The values of thesge tables are based on:
These tables apply to both fluoroscopy {1) The average output of a typical
and radiography. ingtallation.
The first table applies te all parts of {2) The average Tigure of 275 roentgens
the body excepting the head; the second to for a "threshold erythema'.
the head only. The second table s a reduc- (3) A factor of 50% which is necessary

tion of approximately 25% of the values of
the first.

These tables are based on operation at
85 kv. When using a lower kiloveltage, an
increased value may be used but it is prefer-
able to employ the tabulated values and take
advantage of an increased margin of safety.

For adjustment of these tables when using
a kilovoltage other than 85 kv., the following
percentage changes may be used:

to cover unpredictable variations
in either of the first two factors.

These values are intended to serve only
as a guide and should be replaced by similar
styled tables based on the actual measured
output of the installation and the user’'s
egtimate of the value of the threshold
erythema.

For assured safety, these tabulated
values shall not be exceeded until replaced
by the users' own values.
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6-E MODEL D3 MOBILE SHOCKPROOF X-RAY UNIT

OPERATING DIRECTIONS

Below is given, in ceondensed form, an
outline of the step-by-step procedure té be
followed in operating the Model D3 X-Rey Unit

i
|
|

RADIOGRAPHIC PROCEDURE

POWER SUPPLY
(SEE INSTAL. DIR)

r4
¢ :

RLAD ‘cABLE

ILLUSTRATION III

Fig. 2l. Plug the line cord into the re-
ceptacle at the back of the control.

Fig. 22, Plug the receptacle on this
line cord into the pLroper pewer source,

Fig. 23. ©See that the unit is properly
grounded to a good earth ground.

Fig. 24, Plug the hand timer into its
receptacle at the back of the control. Deter-
mine the technic to be used from Technie Chart.

Fig. 25. Set the hand timer the desired
time of exposure,

Fig. 31. $Set the selector switeh.

Fig. 32, Adjust the kilovoltage seiec-
tor. y

Fig. 33. Snap the line switch to the
"'en" position.

Fig. 34. Observe the compensator volts
meter.

Fig. 35. If the compensator voltmeter

reads "low" or "high!" adjust the voltege com-

| pengator accordingly.

Fig. 36. Observe the reading of the
Filament Ammeter.

Fig. 37, Adjust the filament regulator
to obtain correct reading on Filament Ammeter.

Fig. 25a. Operate the hand timer by
presaing the "quick make" button,

Fig.
lizmmeter.

38. Observe the reading of the mil-
It should indicate the correct

| milliamperes.,

ILLUSTRATION IV

{18}
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Shut off the unit and proceed to remove
the cassette or film holder. Develop the
film that nas been exposed.

If the unit is not 1o ba uaed further,
the line plug (Fig. 22} Illustration I1II,
should be removed from the pewsr gource.

This x-ray unit is equlpped with an
overload protective device (Flg. 33, lllus-
tration 4} which functions to prevent exces-
sive overlpads being thrown on the eontrol
due to short eircouidts that might accidentally
be placed Hhere by loose conﬂﬁﬁ%igﬂﬁvor
broken wires. When this thermel device '
trips out, 1t will only be necessary t@ walt
a snort time (possibly 1 or 2 minutes) for
the heat to be dissipated from the thermal
heating element of the device before again
closing the line switeh.

After the two minutes wait, the line
switch should be re-set bhefore trying to en-
ergize the control. This is done by pragsing
the toggle lever firmly to the far %"off! pos-
ition. This engages the heating element
spring and locks the trip mechanism. The
toggle gwitceh may now be thrown to the "ont
position and vthe control energized and another
x-ray exposure made. Should the thermal unii
again trip out or repzatedly do go, it is
suggested that a G-E x-ray representative be
consulted. This thermal protective devige
allows the head to be energized for long
fluoroscopic or superficial therapy technlas
up to the rating of the transformer and tube.
These ratings are shown under "DUTY CYCLET.
For ranges other than given under tnat head-
ing, it is suggested that a representative of
3-E X-Ray be consulted.

The focal-skin distance ordinarily em-
ployed with the D3 when the fluorosccpic shut-
ter and guard are mounted on the head is 12
inches. However, shorter or greater distances
are possible, but shorter distances are not
recommended due to the shortening of the
exposure time.

From expsrience 1t has been feund that
when the eyes have become thoroughly accommo-

dated (7 to 15 minutes) to a darkened, fluor oA
scopic room that the amount of energy needed
with this unit for an average size patient
varies from approximately 45 to 85 kv.p. and
between 3 and 5 milliamperes. The brillianey
of the screen image obtained with tube values
of this order along with detail gained from
the uge of an e€xceedingly small focal spot
gives fluoroscopie images far surpassing those
ordinarily cbserved.

However, the D3 will be generally used in
a lighted room and the fluoroscopic screen
will be contained in an XRP {x-ray proof)} box
having a light proof head over it for exclus—
ion of light. For proper diagnosis of the
Pary being view, it is well to give consid-
eration to the proper accommodation of the
eyes to Lhe dark interior of the hand fluoro-
scope. Dark glasses will be helpful in
getiing correct accommodation for the eyes,

The use of low energy for fluoroscopy
gerved a double purpose because it not only
makes possible a much longer tube life and
gonsequent lower cost of operation, but also
lengthens the time permissible for the exam-
imation, because of the reduced eXposure on
the skin. _This laetter problem is important
ang-tfie rule established by common proctice
for fluoroscopy or radiography is the same.

When the fluoroscopic shutters are opered
and the x-ray beam is allowed to pass uynob-
structed fexcept for the inherent filtration |
imposed, consisting ¢f the glass of the tube,
0il, and bakelite window between the patient
and the tube focal spot), the patient wili re
ceive a certain amount of millianpsre seconds
depending on the milliamperes being put
through the tube and the length of exposurz.

|
DUTY CYCLES !

The five calibration charts (A.C. and D.C
have been prepared in such a manaer as to con
tain fluorescopic values listed under 2 and §
ma. tube current settings. These settings
and others are incorporated in the foilowing
duty cyclss; under no consideration must
these cycles be exceeded. |
Note: The following duty cycles have been
prepared from calibration charte 3 and 5.

(re)
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DUTY CYCLES

Penetration Milliamperes Button Time
A.C. D.C. APNER D.C.
66 kv.p. 2 ma, L-12 L-15 19 min., (10 sec. on 5 sec.
66 kv.p. 3 ma. L-13 H-1 28 min, off for one such

exposure in any 30
min. interval is
permigsible. The
head may be opera-
ted on this cycle
for a period of 4

hours )
85,1 kv.p. 84.4 kv.p. 2 ma. H-8 H:ll 15 min. (one such exposure
85,1 kv.p. 84.4 kv.p. 3 ma. H-8 H-11 10 min. in any 30 min..in—
85.1 kv.p., 84.4 Kv.p. 5 ma. H-10 H-1l4 6 min. terval is permis-

sible. The head may,
be operated on this
rating for a perliod
of 4 hours)

76.6 kV.p. 76.2 KV.p. 5 ma. H-5 H-9 3 min. {one expesure in
any 1% minute per-
ied for 4 hours)

76.6 kv.p. 76.2 kv.p. 3 ma. H-3 H-6 5% min, {(one exposure in
any 15 minute per-
ie¢ for 4 hours)

,42.7 kv.p. 39.7 kv.p. 5 ma. L-1 L-2 114 min. {ene expesure in
any 30 minute in-
. terval for 4 hours)

46.4 kv.p, 43.2 Kv.p. 2 ma, L=-1 L-1 Continucus (for 86 minytes at
790 degrees F}

NOTE: Then ccol to
room Lemperature.

FLYOROSCOPIC OPERATION

ILLUSTRATION VI

The only type of work wherein the maxi- For the chest and heart, milliamperages
mum penetratien values may be found to be frem 2 to 3 will usually suffice, the pene-
necessary is gastro-intestinal fluoroscepy tration varying frem 50 te 70 kv.p., depend-
garulcularly if the subject is unusually ing on the thickness of the subject.

arge.
The general rule ia to use the lowest

For Fluorcscepy of extremities, g ma. energy which will provide the desired fluoro-
is ordinarily sufficlent with penetratien scopic visualizatien.

(kv.p.) values of the order of 40 to 60C.
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ILLUSTRATION VI

Fig., 41, Turn the head into position by
releasing the lock pin and twisting the hori-
zontal carriage, Fig. 44, intec position.

Fig. 42. Peosition the fluorescepic
shutter, Fig. 45, to the head by use of two
thumb screws.

Fig. 43.
the shutter.

Position fluoroscopic guard to

Fig- 42,
lock pins.

Lock it in peosition by use of

ILLUSTRATION I1II

Fig, 21, Plug line cord into its re-
ceptacle at back of the control stand.

Fig, 22, Plug the receptacle on this
line c¢ord into the proper power source.

Fig, 23. Properly ground the unit to a
goed earth ground.

Fig. 26. Plug the footswitch into the
receptacle at the back of the control stand.

Determine the teéchnic to he used,

ILLUSTRATION 1V

Fig. 3)l. BSet the selector switch,
Fig. 32, Adjust the kilovelt selector.
Fig. 33, Snap the line switeh to the

"on" position,

Fig. 34. Observe the compensator volt-
metér,
Fig. 35. If the compensator voltmeter

reads "low" or "high" adjust this contrel
accordingly.

ILLUSTRATION ITII

Fig. 26. Depressa the footswitch.

ILLUSTRATION IV

Fig, 37. Starting at & low setting of
the filament ammeter, Fig. 36, increase the
milliamperes, Fig. 38, until the correct
brilliancy is obtained on the screen. Keep
this value of milliamperes as low as possible
(usually 5 ma. or lessj}.

ILLUSTRATION VI

Position the patient.,

With hand on shutter control knobs, Fig.
46, depress footswitceh, Fig., 26 (Illus. 111},

Determine aperture necessary for examina-
tion, by manipulating shutter controls Fig.4s.

After examinatisn be sure the line switch
on the control is shut off, Fig. 33, Illustra-
tion 1V, If the unit is not to be used for
some time remove the line plug, Fig. 22, 1ll-
ustration III,

{21}
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CALIBRATION CHART #3

Kv.p. 2 Ma. 5 Ma. 10 Ma. 15 ma.
33.5 LZ
35.4 L4
37.3 L1l LS
39.1 L2 Lé
40.9 L3 L7
42,7 L] L4 Ls
44.4 L2 L5 L9
46 44 L1 L3 L& L10
48.2 LZ L4 L7 L11
50.2 L3 L5 Ls L12
51,9 L4 L& L% L13
53.7 L5 LY L10o Li4
55.5 Lé L8 L1l L15
SIS L7 L9 L1z H1
59.1 L8 Llo L13 K2
60.8 L9 L11 L1l4 H3
62,7 Lio Liz L15 H4
64.4 L11 L13 H1l HS
66.1 L12 L14 H2 H&
67.8 L13 L15 H3 H?
69.7 L14 H1l H4 Ha
71.3 L15 HZ2 HS K3 -
3.1 H1 H3 Hé Hio
74.8 H2 H4 HY H11
76.6 H3 H5 HB H12
78.3 H4 Hé HS . H13
80.0 HS5 HY HiO H1l4
81.% Hs H8 H11 H15
83.4 H7 Hg Hl2

85.1 H8 H10 H13

L - BSelector switeh in "low" pesition.
H - Selector switch in "high" pesition.

Calibration accuracy * 2 kv.p.
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CALIBRATION CHART #4

kv.p. 2 Ma. £ Ma. 10 Ma, 1p Ma.*
2.5 Lz
34,2 L3
35.9 L1 L4
376 Lz Lb
39,2 L3 L6
40.9 L4 L?
42.4 LI L5 L8
43.9 Le L5 L
45.7 L1 L3 L7 L%o
47.4 L2 L4 L8 Li1
49.2 L3 L5 Lg Lig
51.0 L4 L8 L1 L13
52.8 LS L7 L1l L14
B4.7 L6 L8 L1z L15
56, 4. Ly L9 L13 H1
58.5 L8 Llo L14 He
60.2 L9 L11 L15 H3
61.8 L1G L1g Hi H4
63.7 L11 L13 He H5
85.3 L1z L14 H3 Hé
64.9 L13 L15 H4 H?
68.6 Li4 H1 HS Ha
7.2 L15 H2 H8 Hod
71.9 H1 H3 HY H1G
73,7 H2 H4 HS Hil
75,3 H3 HE He Hi2
7.1 Hd H& Hio H13
78.8 H5 HY Hil Hi4
80.2 He H8 H1z2 H1S
81.7 HY Ha H13

83.3 Hs8 H10 H14

84.8 Ho - H16

86,2 H10 Hiz

* -~ 15 ma, loads may be impractical on the poorest lines

L - Selector switeh in "low" positien.
H - Selector switeh in thigh" peosition.

Celibration accuracy + 2 kv.p.
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G-E MODEL D3 MOBILE SHOCKPROOF X-RAY UNIT Directions No. 11039

D.C. CALIBRATION CHART #5
For use with units equipped with small inverted rotary cenvertler.

Kilovalt selector Button

kv.p. 2 Ma. 5 Ma, 10 Ma.
39.7 L2 Ly
41.5 L3 L8
43.2 L1 L4 Lo
44,9 L2 L5 L0
46.5 . L3 L6 L11
48.2 L4 Ly Li2
49.9 L5 L8 L13
51.5 L& L9 Ll4
53.1 L7 L10 L16
54.8 L8 L11 Hi
56.5 LS L12 H2
58.2 L10 K13 H3
59.8 L1l Ll4 H4
81.4 Li2 L15 HP
£3.0 L1% H1 H6
64.7 L14 H2 H7
65,3 L15 H3 HB
68.0 H1 H4 “He
69,6 H2 HB *H10
71.2 H3 He *H11
72, § Ha H? *H12
74,6 HS He *H1%
6.2 H6 He *H14
77.8 HY Hl0 *H15
79.4 H8 H1l

Bl.1 He Hi2

82.8 H10 H13

84.4 H1l Hla

86.0 H1z H15

L - Selector switech in "low" pesition.
H - S8elector awitch in "high' positiom.

* _ These loads may be impractical onl soine power lines.

Calibration accuracy * 2 kv.p.
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G-E MODEL D3 MOBILE SHOCKPROOF X-RAY UNIT

Directions No.

11038

| and one o©il plug gasket.

INSTRUCTIONS FOR CHANGING THE X-RAY TUBE

The following directions give the pro-

cedure for cpening the head,

removing and re-

placing the x-ray tube, _and resealing the

head .

replacement x-ray tube; one

In addition,

The following is furnished with each

main head gasket
the

following material originally furnished with

the unit is reqguired:

one glass oil-filler

tube and two bellows-compression screws,
and cork stopper and filler tube gasket.

Removal of Tube

l. Position Head:

{Illustration VII}

Bring the tube-head

| down as low as possible on the tube column

| and turn the head sc¢ that the port is directed
Lock it securely in this
If it is desired to remove the

vertically upward.
position.

head from its supporting bracket,

necessary to remove the four

it will be
screws from the

bracket arm on one side of the head and the
| three screws in the other end of the head.

=

2., Compress Bellows: All pressure should
| be released by compressing the bellows. (al
| Turn the thumbnuts, Fig, 61, with fibkre wash-
ers into the holes at each end of the head,
{b) Screw the bolts, Fig, 62, into tHe Bellows
until they resist further turning, (c) Tarn
the knurled collars, Fig. 63, by use of the
fingers until they resist further turning; the
0il level in the head will now be low enough
to allow copening it.

3. Remove X-Ray Tube: {a} Remove the or-
namental cover and cone adapter. (b}
screws in the bakelite cover plate, Fig. 64,
one-half turn before removing any of them com-
pletely. {e) Remove all screws, (d) Lift off
cover plate, Flg. 64, being ecareful not to
spill oil into the screw holes of the head
|casting. If the cover plate is hard to remove
| ingert & knife blade or screw driver between
| cover plate and tube head and carefully pry th
plate loose, Do not damage the sealing sur-
face., The gasket is to be replaced. (e} Dis-
connect the two filament leads, Fig, 71, (Il1i.
VIII), From the cathode end of the bakelite
shield by removing the two contact acrews. ()
Turn out the two anode clamping screws, Fig.
to release the x-ray tube, Do not loesen the
ancde clamp or shift the lead siield. (g) Re-
move the x-ray tube through the cathode end of
the bakelite shield,
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G-E MODEL D3 MOBILE SOOCKPROOF X-RAY UNIT
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CATHODE END

AMODE END

TLLUSTRATION VIII

4. Install New Tube: (a) Thoroughly
clean the' new tube with carbon tetrachloride
and dry with clean lint-free cloth. (b}

Slide the tube andde first into cathode end

of bakelite shield, Fig. 73, (c) Center the
tybe with the window facing the tube support
so that the x-ray beam will be directed outwardq
from the head through the opening in the lead
shield. (d} Attach the anode collar of the
tube to the anode suppert by use of the two
screws, Fig., 72. Carefully position the tube
so that the glass window of the tube touches
the bakelite cylinder when the anode ia clamp-
ed, te) Connect the twe filament leads, Pig.
71, to the contact screws, Fig. 74, with the
cord tips positioned along the edge of the bak-
lite cylinder. This provides spread for the
filament wires. (f) Remove all the old gasket
from the sealing surfaces., {g)] If the oil has
not been contaminated in any manner®, it will
not be necessary to replace it. However, if
it is demaged, then replacement should be made
with G.E. 10C Transil eil (Cat. No. ABOCEA),
being eareful teo flush thoroughly before fill-
ing the head, (h) Clean the sealing surfaces
with carbon tetrachloride, If any oil is
spilled in the screw holes, clean it out thor-
oughly. (i) Be sure the'new gasket is clean
and dry. (j) Place the gasket on the head and

sguarely posdition the tube Into the head with
the anode end of the tube towards the single
spring centact, Fig. ?5. (k)] Held the cover
firmly in piace and turn four sc¢rews into the
head diagonelly oppoeite each other. Do not
seat these screws. (1} Turn in the remainder
of the screws and tighten them down & turn at
& time uniformly around the head until all
are snug.,

Sealing the Head

It is necesaary to remove gll zir that
might have been trapped within the head dur-
ing the mbove procedure. The tubeée head is
laft in the pame position to d¢ this, (a)
acrew the plug cap from the hold, Fig, 635,
({Illustration VI1I}, and serew into this hole
by hand & glass filler tube. Before using
this glass, however, make sure that it is
clebned with carbon tatraechloeride, (k) Turn
the knurled collar, Fig, 63, to the left
{counter-clockwise), allowing the bellowa to
expand unti} oil appears in the glass filler
tube to & height of approximately 2 inches,
If ¢il does not appear in this tube, some
should be added. (c) Angulate and shake the
head as much B8 po8sible without s8pilling oill,
fregquently returning the head to the horizan-

Un-
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G-E MODEL D3 MOBILE SHOCKPROOF X-RAY UNIT

Directions Ne, "11039

tel position te 2llow the air to escape intc
the filler tube, Work the belloews in and out
to assist in the process of removing air.
This process is completed when no further air
bubbles come out.

Ad justing 0il Volume and Sealing Head:

{a} Determine the temperature of the oil and
turn the bellows thumbnut (accerding to the
following table) from the position where it
just makes contact with the head with the bhel-
lows fully released., (Add as much 10C c¢il as
necesgary to maintain a.visible column in the
filler tube),

Bellows Turns
Anode Cathode

01l Temperature
Degrees F,

—
QU@ ACUBEELNEFOO
OO ONSED DO
[+NeleRoBolalesNaNaloleRe Yol

s *+ e s =

125 o4
{b) Push the cork into the filler tube and re-
move this tube from the head. (e) Clean the
surface around the opening with a clean piece
of cloth. (d)} Replace oil plug using new gas-
ket furnished. (e} If the oil has previously
2ll been removed from the head and the head re-
filled, it should stand for 24 hours before
energizing., (f) Remove the bellows screw, Fig.
62, along with the knurled screw, Fig. 63.
{g) Clean the head with carbon tetrachloride,
(h) Replace the ornamental cover and cone
adapter.

Final Adjustment of Milliamperage: (a}
Test for normal operation at L1Q on whatever
calibration chart the unit i# to operate on.
{b) If the maximum milliamperage cannot be ob-
tained through the tube or if it is obtained
cver a limited section of the filament control)
then a wiring change is neseassary, (c) Remove
the contrel stand unit frem its heusing and
disconnect the filament contrel lead from the
line voltage compensator button 7" when view-
ing top of control and counting from the left.
Connect it to the short lead on button "g" to
decrease the ma. or to lead on button ¢ to in-
crease the ma, Tape up the short lead dis-
connected and tie it to one side. (d} Re-
assemble the control and test the unit again.

Failure of the apparatus to operate satis{®xceed the operating limits.

factorily may be due te the follewing causes,
which should be checked before calling a rep-
resentative of the G.E. X-Ray Corporation.

1., Poer line plug ccnnection to the wall
receptacle,

2. Voltage compensator nct set squarely
on the c¢ontact button.

3. Kilovelt selector in between buttons.

Filament control toc low,
Fuses burned out.

Badly fluctuating power line,
Inceorrect power supply.

Failure of power supply.

MAINTENANCE

The owner of General Electric X-Ray ap-
paratus is assured of the best equipment ob-
tainable, which assurance does not, however,
permit overlooking the fact that every ma-
thine requires a certain amount of serviee to
maintain its meximum efficiency.

The extent of this service varies with
the amount of use given the machine. Where a
piece of apparatus is run continuously through-
out, the day and evening, it follows that a
correspoddingly increased amount of attenticn
must be given.

This General Electriec X-Ray apparatus has
been designed to require the minimum of expert
servicing., There is nothing in the ordinary
course of maintenance but what can be easily
cared for by the doctor or the technician.

When some unforeseen difficulty arises,
the General Electric X-Ray Service Organiza-
tions, permanently located in well-distributed
points over the world stand ready and willing
to aggist.

TROUBLE CONSIDERATIONS

The length of time an x-ray tube can be
used is dependernt on many factors, most of
which are under c¢control of the operator. When
used proper.y, tube maintenance ccst becomes
one of the smallest items to be considered,
However, any device which depends uron a vac-
uum for successful performance -cannot be ex-
pected to last indefinitely, !

With proper manipulation of the apparatus,
tubte 1ife will be greatly extended. Do not
Exercise caution
in turning the unit on and off. Because the
tube cannot be seen, it is possible to leave
the filament lighted.

(331
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G6-£ MODEL D3 MOBILE SHOCKPROOF X-RAY LUNIT

Erratic unsteble behavier of the milliam-
meter ig often caused by a damaged or gassy
¥-ray tube, When the meter pointer goes off
scale at low kilovoltages and milliamperage
settings, the %~ray tube may be considered to
be gassy. If the meter pointer goes off scale
only at high settings of the kv.p. and ma,,
then the tube may have & damaged focal spot.
If the milliammeter needle wavers or kicks
erratically, the x-ray tube may be surging.

Failure of the filament ammeter to read
shows that the primary cireuit to the filament
trangformer ia open, A slight deflection,
however, indicates that the filament of the
tukbe may be burned out or open circuited.

If the radiegraphlic output is unsatis-
factory, the inverse reducer should be checked
and slthough it saldom gauses trouble, if the
tungar bulb is burned out or otherwise defec-
tive, the radiographie @r fluorocscopic ocutput
will be subnormal becaytie the 10 ohm resistor
in parallel with the bulb may be directly eon-
nected in series with the high voltage trans-
former, thereby limiting the x-ray tube sutput.

If the tungar bulb ghauld come lagse in
its socket and pravent lighting the {ilament,
the above fault would alae result.

An open-circulted lnverese reducer resis-
tor connects the tunger buld directly in ser-
les with the primary of the high voltge
transformer. Consequently, the resulting ab-
normally high pulsating direet current over-
loads the tungar bulb thus reducing the tube
output.

Under no cendition should the apparatus
be operated with the inverse raducer defective
because of the danger of impressing ebnormally
high veltage on the head.

Sparking may occur ingide the head at in-
tervels and if it becomes persistant the
equipment should be shut dewn and & G.E., X-Ray
representative called to examine it before fur-
thur work is done. It is ssrongly advieed that
those unskilled in the servising of this
eagqulipment should not be allowed tu work on it.
Trouble is often encountered by the unskilled
even when the difficulty manifested is of an
Ingignificant nature.

pec.v [19%5

GUARANTEE

All parts of this General Electric X-ray
Corporation apparatus with the exception of
the x-ray tube and high voltage cable are :
guaranteed for s8ix monthe from date of install-
ation, to be free from defects in workmanship
or material, Any parts so failing will be re-
placed or repaired without charge. This
guarantee, however, does not c¢over damage re-
sulting from carelegsness or failure to follow
these' instructions. The liability of the com-
pany arising out of the supplying of this ap-
paratus, or its use, whether on warranties or
otherwise, shall not in any case exceed the
coat of correcting defects in the apparatus,
and after the said six months period, all. such
lighility shall terminate.

The General Electric X-ray Corporation
reserves the right to change, modify or rede-
gign any equipment of its manufacture without
notice and without obligating itself in any
way Lo incorporate such changes or modifica-
tions into existing equipment. Indofear as
possible, improvements are engineered in a way
to permit users of existing equipment to take
advantage of such improvements, but because
the natutre of such improvements cannct he an-
ticipated no obligaticon can be incurred.

Years of experience in the design and con-
gtruction of x-ray apparatus combined with
fine workmanship and materisls are built inte
all General Electric X-ray Apparatus. Thls,
however, does not obscure the fact thet any ap
paratus may be abused. This equipment when
properly operated, will render years of useful
and satisfactory service. It is designed for
a specific purpose. Complete data ie contaln-]
ed in these directions which should he care-
fully consulted befere the egquipment is put
into service. Unusual or special technigues
or procedures ghould never be attempted wlth-
out assurance that it is within the normal-ca-
pacity of the unit. To de 3o veids the guaran
tee and relivies the manufacturer of liability
for failure of the eguipment. The General
Electric X-ray Corporation assumes no respen-
gibility for injuries or damages to persena or
properiy arising out of the use of any techni-
gue or procedure. In case of doubt the Engin-
eering Service Department of the General Elec-
trie ¥-ray Corporation is ready and willing to
give assistance and advice., This department
should alwaye be consulted before attempting
any work wherein there is any question as ta
the ability of the apparatus to perform.

Code ¥3-2541

-1, Er j
pyov e f195) com-

-34-



o
“"\

'
I -y
13

VS

as
L .




"Ilw

CALIBRATION CHART 1

Directiess

Kilovolt %Eiﬁﬁﬁlﬁ_uﬁﬂlﬁan

KV.p. 2 Ma, 5 Ma. 10 Ma. 15 Ma. 20 Ma,.
32.2 L2
34,0 L1 L3
35.9 L2 L4
37.8 ' L3 L5
39,7 Li 14 Le
41,8 L2 5 L7
43.5 L1 L3 Ls Ls
45.4 L1 L2 L4 L7 Lo
47.3 L2 L3 L5 Ls L1o
49.3 L3 L4 Lg Ly Li1
51.3 L4 LS L? L10. Li12
53.2 L5 ] Ls L1 L13
55.1 L6 LY Lg Llz Lig
57.0 Ly La Llo L13 L1s
58.8 Ls Lg L11 L14 H1
50.7 Lo Lo L1z L1s H2
62.6 L1o L1l L13 Hl H3
64.5 L11 £iz L14 H2 H4
66.4 Liz L13 Li5 H3 Hs
68.4 L13 L14 Hl H4 H&
70,3 L1 L1s H2 HS HY
72,2 L15 H} H3 Hé Ha-
74.1 H1 H2 H4 H7 Hg
75.¢ He H3 N5 Hs H10
77.8 H3 H4 H6 Hg H11
79.6 H4 HS Hr H1o Hiz
81.5 H5 H6 Hag Hi1 H13
83.4 H& H7 Ho Hig Hig
85.3 H7 Hs H10 H13 H1s

L - Selector switch in "]lown pesition.

H - Selector switeh in "highr

Calibration accuracy * 2 kv.p.

positioen,

BN T R —
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IMPORTANT . .. X-RAY PROTECTION

X.ray equipment, if not properly used, may cause injury. Accord-
ingly the data and suggestions herein contained should be thor-
oughly read and understood before any attempt is made to place the
apparatus in operation. The General Electric X-Ray Corporation
will be glad to assist and cooperate in placing this equipment in use.

Although this apparatus incorporates protection against x-radiation other than the
useful beam, no practical design of equipment can provide complete protection.
Nor can any practical design compel the operator or his assistant to take adequate
precautions, or prevent the possibility of authorized or unauthorized persons care-
lessly, unwisely, or unknowingly exposing themselves or others to direct or secon-
dary radiation.

It is important that everyone having anything to do with x-ray work be fully ac-
quainted with the recommendations of the National Bureau of Standards, and of
the International Roentgen Ray Committee on x-ray protection, and take adequate
steps to insure protection against injury.

It is assumed that all persons authorized to use the equipment are cognizant of the
danger of excessive exposure to x-radiation, and the equipment is sold with the
understanding that the General Electric X-ray Corporation, its agents, and repre-
sentatives have no responsibility for injury or damage which may result from expos-
ure to x-radiation.

Effects harmful to the health may be experienced by anyone exposed to an excessive
amount of x-radiation. This must be avoided by adequate protection for which vari-
ous protective materials and devices are available.

Greatest consideration should be given to protection of the operator and all others
against the direct beam. However, when x-radiation strikes any material there is pro-
duced a secondary or scattered radiation and, since this is as potentially dangerous
as the direct radiation, protective measures must be adequate to guard against it as
well.

Adequate protection should be confirmed by r-unit measurements taken to deter-
mine that the x-radiation at any location does not exceed the accepted tolerance dose;
or a less accurate but frequently used means for confirming protection is by plac-



ing unexposed films at several strategic locations for a given period before develop-
ment; or by use of a flucrescent screen after the eyes have become accommodated.

Another worth while procedure is that of the semi-annual blood examination of the
personnel engaged in radiological work.

Before operation those qualified and authorized to operate this equipment should
become familiar with and, where pertinent, conform to the established safe expos-
ure factors and other recommendations contained in this manual as well as in
“National Bureau of Standards HB-20,” ““The United States Army X-Ray Manual,”
“The Recommendations of the International Roentgen-Ray Committee orn X-Ray
Protection,” and other standard authorities.

FLUOROSCOPY & RADIOGRAPHY

The following precautions and procedures shall be observed.

Eye accommodation preceding fluoroscopy. The operator shall allow his eyes
to become fully accommeodated to the darkness before starting a fluoroscopic exam-
ination. This may be done by remaining in a dark room or wearing fluoroscopic
goggles provided with special dark lenses. At least five to ten minutes are nec-
essary for proper accommeodation of the eyes.

Failure to observe this rule will result in unsatisfactory fluoroscopic vision and
will tempt the operator to increase the milliamperage, kilovoltage, or time beyond
the recommended maximum value and thus expose the patient and, under certain
conditions himself, to dangerous amounts of radiation.

Eye accommodation before beginning a fluoroscopic examination applies with par-
ticular emphasis to the use of head type fluoroscopes.

Use of x-ray protective devices imperative. X-ray protective devices, such as
lead rubber gloves, lead rubber aprons, lead protected fluoroscopic chair, etc,, shall
always be used. The operator’s unprotected hands, wrists, arms, or other parts shall
never be exposed to the x-ray beam.

Observance of focal-skin distance. For fluoroscopy the distance between
the target of the X.ray tube and the patient’s or operator’s skin shall be
at least ten inches, Greater distances are preferable since they reduce the likeli-
hood of over-exposure and improve the fluoroscopic image. The intensity of the
x-radiation reaching the patient’s or operator’s skin varies inversely with the square
of the distance from the target of the x-ray tube. For example, the x-ray intensity
at 10 inches distance is 4 times that at 20 inches distance, all other factors
remaining the same.




Use of filter as a standard practice. The best practice is to use a minimum
of 1 mm aluminum filter, or its equivalent, between the X.ray tube and
the patient, particularly for fluoroscopy.

Lowest possible current value edvisable in all fluoroscopy. For fluoros-
copy the milliamperage setting shall be as low as possible without sacrificing satis-
factory fluoroscopic vision. Milliamperage shall in no case exceed 5 ma.

Kilovoltage is set in accordance with the thickness and density of the body part
being examined. For best vision, it shall be kept as low as possible, and although
100 kv is available in some installations, it is a rare instance that requires more
than 85 kv. It is common practice to use not more than 3 ma at 85 kv for abdom-
inal fluoroscopy; 3 ma at 70 kv for chest; 3 ma at 60 kv for extremities.

Recommended procedures during fluoroscopic examination. During fluor-
oscopic examination make short intermittent exposures rather than long, continued
ones. This practice allows the eyes to re-accommodate during the dark intervals and
increases the visibility of the image. It reduces the amount of radiation the patient
receives and prolongs the life of the x-ray tube.

Restrict the size of the radiation aperture (shutter) to the smallest area necessary
to cover the part being examined. This prevents needless exposure of other parts
of the patient’s body and improves the visibility of the fluoroscopic image.

Palpation with the hand or other manipulation under the fluoroscope for setting of
fractures, foreign body localization, or other such procedures should be kept to a
minimum. Under no circumstance should an operator use any part of his body for
fluoroscopic demonstration nor should he hold any cassette, medical or dental film
in position during exposure.

Tube ratings and maximum permissible exposure values. Consult the tube
rating chart for maximum permissible time, kilovoltage and milliamperage which
apply to your fluoroscopic tube. Never exceed these ratings.

As a guide in determining the safe exposure factors for fluoroscopy or radiography,
consult the following tables of maximum permissible exposure values in milliampere
seconds. Milliampere seconds are the product of milliamperes and total actual expos-
ure time in seconds. In using these tables, the maximum permissible expos-
ure time in seconds is obtained by dividing the milliamperes used into the value of
milliampere seconds tabulated; as for example, if the milliamperes used are 5, and
the permissible exposure value in milliampere seconds totals 1000 at a given filtra-
tion, kilovoltage, and distance, the milliamperage (5) is divided into the milliam-
pere seconds (1000) which gives the time—200 seconds. This figure constitutes the
maximum exposure time at such a voltage.



Table 1.

MAXIMUM PERMISSIBLE EXPOSURE VALUES IN MILLIAMPERE-
SECONDS FOR ALL PARTS OF THE BODY EXCEPTING THE HEAD
(AT 85 KY.P) _

J

x - 4
Filter (mm Al) Filter (mm Al) Filter (mm Al)

Targat—Skin External—None External—0.5 External—1.0

Distance Inherent—0.5 Inherent—0.5 Inherent—0.5

Inches Total —0.5 Total —1.0 Total —1.5
10 265 c 510 810

12 380 730 1090 l

14 520 1000 1500
16 680 1300 1950
18 870 1650 2500
20 1060 2050 3000
22 1280 2450 3640
24 1530 2900 4360
30 2400 4500 63800
36 3460 6500 9800
42 4700 8850 13300
48 6150 11600 17400

Table II.

MAXIMUM PERMISSIBLE EXPOSURE VALUES IN MILLIAMPERE.-
SECONDS FOR THE HEAD (AT 85 KV.P.)

Filter (mmm Al) Filter (mm Al) Filter (mm Al)

Targeti—Skin External—None External—0.5 External—1.0
Distance Inherent—0.5 Inherent—0.5 Inhereni—0.5
Inches Total —0.5 Total —1.0 Total —15
10 200 380 610
12 290 550 875
14 390 750 1190
16 510 ‘970 1560
18 650 1240 1980
20 800 1530 2450
22 9260 1840 2970
24 1150 2150 3540
30 1790 3360 5540
36 2585 4840 7950
42 3600 6560 10850

48 4600 8550 14100 a




Tables I and II, which apply to both radiography and fluoroscopy, are based on
operation at 85 kvp. When using higher kilovoliage, a reduced value must be
used. When using a lower kilovoltage, an increased value may be used but it is
preferable to employ the tabulated values and take advantage of any increased mar-
gin of safety. The maximum permissible exposure value in milliampere seconds
for distances other than those given in the above tables can be determined by appli-
cation of the inverse square law of light which is to the effect that the amount of
radiation striking a given area varies inversely with the square of the distance from
the target of the tube.

For adjustment of these tables when using a kilovoltage different than 85 kv, the
following percentage changes may be used:

Table III.

Ky Change in maximum permissible
: exposure values

100 Reduce by 25%

20 Reduce by 8%

85 No change

80 Increase by 10%

70 Increase by 35%

60 Tncrease by 80%

The first table applies to all parts of the body excepting the head; the second to the
head only, and is a reduction of approximately 25% of the values of the first.

Since the effect of x-radiation is cumulative, be certain that the amount applied
by you to the patient, together with the amount—diagnostic or therapeutic—which
the patient may have received during the period of four weeks preceding, together
with the amount which will be used for radiography during the course of your
examination, does not in its combined total for any area, exceed the generally
accepted maximum safe limits.

For the user’s information, the total filtration value heading each column of Tables
1 and II is divided into inherent and external. The values of permissible milliam-
pere seconds still apply when this same total is obtained by a different division of
the inherent and the external filter. The inherent is dependent upon the particular

filtering characteristics of the tube aperture and any other permanently interposed
filter.

The values of these tables are based on:

1. The average output of a typical installation.



2. The average figure of 275 roentgens for a “threshold erythema.”

3. A factor of 50% which is necessary to cover unpredictable variations in
either of the first two factors.

These values are intended to serve only as a guide and should be replaced by
similar styled tables based on the actual measured output of the installation and the
user’s estimate of the value of the “threshold erythema.”

For assured safety, these tabulated values shall not be exceeded until replaced by
the user’s own values.

Keep a record of exposure factors nused during the examination.

THERAPY

(Superficial —Intermediate—or Deep X-Ray Therapy)

In using x-ray equipment for therapeutic purposes it may be necessary to admin-
ister dosages which approximate those dangerous to normal tissue. Adequate but
safe dosage is dependent upon the diagnosis of each individual case, the location of
the pathological condition and the peculiarities of the patient. Therefore, the respon-
sibility for prescribing dosage and its method and schedule of application must
rest solely with the physician as it is impossible for the manufacturer to indicate
dosages, methods, or schedules of application.

Warning, however, is given that the use of x-ray therapy should, under no condi-
tions, be attempted by a physician without previous thorough training in the prin-
ciples of radiation therapeutics.

Calibration of equipment. Although before shipment this equipment was oper-
ated and thoroughly tested at a number of settings in accordance with its test spe-
cifications, following installation it should not be used in any therapeutic applica-
tion until its output is measured by a radiation physicist to provide standardization
or calibration.

Re-check standardizations or calibrations should be made periodically, and also
following any change in location, tube, equipment, filter, or power supply which
may alter the radiation output.

Importance of complete treatment records. Because of the hazards of the cum-
ulative effects of radiation in x-ray therapy, as well as for other reasons, complete
records should be maintained in each case. These should include all past history



which may have an influence on the diagnosis or treatment of the pathological con-
dition and should particularly include all details of any previous exposure to x-ra-
diation or radium. These records should be kept in accordance with recommenda-
tions of the scientific societies or recognized text books on this subject and should
accurately record the radiation intensity in roentgens per minute, dosage, location
and size of treatment area, treatment distance, kilovoltage, milliamperage, filter
used, time, ete.

Facilities for accuracy of dosage measurement. Various types of treatment
timers, constancy meters and integrating dosimeters are available for use as means
of providing convenient measurements of desired dosage.

There are cones of various sizes and lengths available to limit the size of the
treatment area and more easily gauge the treatment distance.

INTERNATIONAL RECOMMENDATIONS

The following is quoted from “International Recommendations for X-Ray and
Radium Protection,” revised by the International X-Ray and Radium Protection
Commission at the Fifth International Congress of Radiology, Chicago, Septem-
ber, 1937. (NOTE: These recommendations were completely published in Radi-
ology, Vel. 30, No. 4, p. 511, April 1938.)

«], INTERNATIONAL RECOMMEN DATIONS

“]1. The dangers of over-exposure io x-rays and radium can be avoided by the pro-
vision of adequate protection and suitable working conditions. It is the duty of those
in charge of x1ay and radium departments to ensure such conditions for their per-
sonnel. The known effects to be guarded against are:

a. Injuries to the superficial tissues;
b. Changes in the blood and derangements of internal organs, particularly the
generative organs.

“The evidence at present available appears to suggest that under satisfactory working
conditions, a person in normal health can tolerate exposure to X-rays or radium gamma
rays to an extent of about 0.2 international roentgens (r} per day, or 1 r per week.
On the basis of continuous irradiation during a working day of seven hours, this
figure corresponds to a tolerance dosage rate of 10 r per second. The protective
values given in these recomendations are generally in harmony with this figure
under average conditions.



“ITI. X-RAY PROTECTIVE RECOMMENDATIONS

“10. An x-ray operator should on no account expose himself to a direct beam of
X-rays.

“I1. An operator should place himself as remote as practicable from the x-ray tube.
It should be borne in mind that valve tubes are capable of producing x-rays.

“12. The x-ray tube should be self-protected, or otherwise surrounded as com-
pletely as possible, with protective material of adequate lead equivalent.*

“13. The following lead equivalents are recommended under average conditions:

X-rays generated Minimum equivalent
by peak voltages thickness of lead
Not exceeding 75 kv. 1 mm.

100 1.5

125 2

150 2.5

175 3

200 4

250 6

300 9

350 12

400 15

(600) (35)

“]. The lead equivalent of & given thickness of protective material is that thickness
of lead which is equally opaque to x-rays excited at some specified peak voltage”

The objective sought by the position, type, and amount of protective material which
should be used for a given installation is to limit the amount of radiation reach-
ing a given location to not more than that quantity which “corresponds to a toler-
ance dosage rate of 10° r per second.”

For such reasons as distance from the primary emitting source, material used in
the building structure, location of others with respect to the primary beam, equip-
ment construction and inherent filtration, the thickness of protective material re-
quired to provide adequate protection to all may for some locations be less than
shown in the above table.

The essential requirement is not the thickness nor the type of protective material
used but rather, that it shall be used in such quantities and locations as to prevent
any individual from being subjected to a dosage rate in excess of 10 r per second.








