
INSTRUMENT SECTION
OIL IMMERSED X-RAY GENERATING OUTFITS

AND THEIR USES

BY W. D. COOLIDGE

The application of x-rays has almost invariably been attended by the
possibility of accidental electric shock to the operator and, in medical
applications, to the patient as well. In the early history of the art,
when the x-ray tube was excited from a static machine, an induction
coil or a high-frequency coil, contact with the high tension circuit
ordinarily involved only annoyance and discomfort. With the advent
of higher power tubes, operated from transformers, that which had
been merely a possible source of annoyance became a real danger. The
hazard was still further increased when, for radiographic work, the
rheostat in the low tension circuit, used to control the voltage in the
high tension circuit, was replaced by an auto-transformer.

The electrical danger could, at any time, have been eliminated by
putting the whole high tension system, including the x-ray tube, into
an earthed metallic enclosure. This method, however, when applied
to the early forms of x-ray apparatus would, in general, have rendered
them bulky and, mechanically, relatively inflexible.

With the advent of a self-rectifying x-ray tube, which is stable and
can be made very small, it became interesting to mount the x-ray tube
inside of the transformer tank and in the same oil with the transformer,
making the latter as small as possible. In another paper' the writer
has described his earlier work in this field. The following is a descrip-
tion of two experimental outfits of the oil-immersed type, which have
been more recently developed. They were both intended primarily
for medical diagnostic work. Laboratory experience with these outfits
shows that they should also have many other fields of usefulness. They
lend themselves especially well to physical demonstrations and, in
general, to cases where x-rays are desired for short periods of time.

Owing to the enclosure of the whole high tension system in a grounded
metal container, there is, with this system, no external electrostatic
field. This eliminates the danger of electric shock and is an advantage
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in some experimental work where the effect of x-rays might otherwise
be masked by the presence of the electrostatic field of the high tension
system. This type of apparatus also permits a very close approach to
the focal spot and, hence, to a region of strong x-ray intensity. Other
advantages are to be found in the mechanical ruggedness of the appa-
ratus and in the simplicity of its operation.

DENTAL OUTFIT

The small outfit described in this section was developed primarily
for the use of the dentist for intraoral radiography.

In its mechanical design the aim has been to attain the following ends:
(1) To enable the operator to follow his visual inspections by a

radiograph without having to, in any way, change the position
of the patient.

(2) Easy and smooth mechanical operation of the outfit.
(3) Easy and complete removal of the outfit, when not in use, from

the neighborhood of the patient.
(4) The occupation of as little floor space as possible.
On the electrical side, attention has been given to:
(1) Electrical protection from both the high tension and low tension

circuits.
(2) Minimizing the effect of line voltage fluctuations by the use of

a stabilizer which holds milliamperage constant.
The attractiveness of the system is very largely dependent upon the

degree of perfection attained in the mechanical and electrical design.
This is due mainly to the following considerations:

To move the source of rays, it is necessary with this system to move
the whole x-ray generating outfit, which is, of course, heavier than a
simple x-ray tube and protective shield. To make such movement easy
and smooth, and this is very desirable for work about the face, friction
must be reduced to a minimum. To this end, the weight of the gener-
ating outfit must be reduced to a minimum. Light weight is desirable
for two other reasons. Even if there were no friction, there is the
inertia of the mass to be overcome in putting the outfit in motion or in
stopping it. Furthermore the weight has to be carried, in some posi-
tions, at a distance of several feet from the supporting wall or column
and this calls for a very strong support, unless the weight is kept small.

Because of the diminished accessibility of its parts, such an outfit,
to be desirable, must operate faultlessly for long periods of time.
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GENERAL DESCRIPTION

The dental outfit is shown in Fig. 1 and consists of an x-ray generating
unit which is completely enclosed in the grounded metallic container,
M, and is mounted on pivots in a rotatable.fork, F, attached to a special
wall bracket. This mounting permits the unit to be pointed in any
direction, raised and lowered and brought to any point within quite a
large space. Through accurate balancing of parts and the use of
friction devices, the movement of the unit is made easy and smooth

FIG. 1. Dental fuit onted on wall bracket.

and it stays wherever it is put without the use of clamping~devices.
Low tension is led to the transformer by means of the single conductor
insulated cable E passing through metal conduits. The grounded metal
bracket itself is used for the return circuit. At no point is the live
side of even the low tension circuit exposed. The x-ray tube oper-
ates at 10 milliamperes and 56000 volts (max.), and the time factor
is automatically controlled by means of a small time-switch, not shown
in the figure.

THE X-RAY GENERATING UNIT

The x-ray generating unit is shown in length section in Fig. 2 and in
end section in Fig. 3.
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The small x-ray tube, X, is seen mounted close to the high tension
coils C1 and C2 of the 56000 volt (max.) transformer. The low tension
coil, not shown, is on the same leg of the magnetic circuit as the high-
tension coils and is inside of the latter. T is the separate filament
transformer, AI the metal tank and B the Bakelite cover. B is a false
cover of aluminum which supports the Bakelite cylindrical tubes

QI Q1

B
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FIG. 2. Length section of dental unit. FIG. 3. End section of dental unit.

Q, and Q2 which serve to establish mechanical contact with the patient.
Z is a sheet of 1/32 inch lead and D is a tapering tube of the same
material for the x-ray protection of the operator.

Fig. 4 is a length view showing a cross section of the oil expansion
chamber G and the Kearsley Stabilizer J together with the resistance
unit R, which is automatically cut in and out of the filament circuit by
the stabilizer. W is a cover, here shown raised, but ordinarily closed,
to protect the stabilizer and resistance unit.

THE SUPPORT MECHANISM

The x-ray unit, which weighs 20 pounds, is rotatably so mounted in a
steel fork that the axis of rotation passes through the center of gravity
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of the unit. The fork is itself rotatable about its vertical axis, V1,
Fig. 1. A link mechanism, N, permits of raising or lowering the
unit through a distance of 14 inches. Freedom of motion in an essen-
tially horizontal plane is permitted by an S. S. White dental bracket,
V, (here used in an inverted position). The whole supporting arm is
made rotatable about a vertical axis, V2.

So far as its vertical motion is concerned, the weight of the unit is
accurately balanced in all positions by a pair of spiral springs (inside
of the tubular spring-housings), Z1 and Z 2 and steel cables, K1 and K2,
passing over specially designed cams, O1 and 02. For the purpose of

FIG. 4. Length view of dental unit, with oil expansion chamber, G, stabilizer, J, and
resistance, R, uncovered.

maintaining this balance in the face of changes which may take place
in the springs, the tension of the latter is made adjustable.

The design of the dental arm is such that the 20 pound unit is nearly
in equilibrium in the horizontal plane.

Through the inherent friction and through the use of friction discs
the unit will stay wherever it is put in space.
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The bracket may be carried from the wall, as in Fig. 1, from a special
column, or from some existing dental fixture.

Relative immobility of x-ray tube and patient is secured by the
following artifice: A cylindrical tube of Bakelite or other material,
Qi, Fig. 2, is rigidly attached to the cover of the x-ray unit. A second
tube, Q2, with an easy sliding fit inside the first one and with a travel
of about 1 inch, is urged outward by a weak spiral spring, P. The
inner tube, moving freely in its sheath, maintains mechanical contact
between the x-ray outfit and the patient. The spring under the
moveable tube controls the contact pressure and must not be too strong
as otherwise it will cause discomfort to the patient. On the other hand,
it must not be too weak as otherwise it will not be sufficiently effective.
The effect of the contact tube is to hinder relative motion of x-ray
outfit and patient in any other direction than the one which is least
harmful to the resulting radiograph. Even in this direction also it is
quite effective owing to the friction between tube and sheath.

The spring behind the contact tube tends to push the x-ray outfit
away from the patient. Such motion, if allowed to take place, would
defeat the purpose of the contact tube, and is prevented by the use of a
friction device, S, in Fig. 1.

THE X-RAY TRANSFORMER

The small x-ray transformer is the result of a good deal of experi-
mental work. The following are some of the considerations affecting
its deisgn.

The smaller the cross-section of the iron core, the greater is the num-
ber of turns required in the primary and secondary coils. Reduction
of iron beyond a certain point will then lead to an increase rather than
a decrease in the diameter of the high voltage coils. Furthermore the
effect of the increase in the number of turns will be to increase the
resistance of the coils and this, for use on a self-rectifying tube, will,
for a given "useful" voltage, increase the "inverse." It will be the
higher of the two voltages, the inverse, which will determine the insu-
lation required for the high voltage coils. The increased "inverse"
will then necessitate larger secondary coils with more spacing between
them and a larger container.

A reduction in the diameter of the copper wire used in the coils will
increase resistance and hence increase "inverse." Beyond a certain
point, then, a decrease in the diameter of wire will be attended by an
increase in the size of the container.
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There will be a compromise design which will lead to the smallest
and lightest weight outfit.

THE TUBE

Fig. 5 gives a full sized view of the tube and Fig. 6 an enlarged
cross-sectional view of the cathode. With the small focusing device, the
focal spot would be too small were it not for the molybdenum pin
which projects through the center of the filament spiral.

FIG. 5. Dental tube, full size.

The tube operates, in oil, at 56000 volts (max.) and 10 ma. The bulb
of this tube, the stippled portion in Fig. 5, is made of glass containing
55 per cent by weight of the element lead. The wall-thickness is 1/8
inch. The protection offered by the lead glass envelope is equal to that

FIG. 6. Enlarged cross section of cathode of dental tbe.

of 132 inch of sheet lead. The window through which the x-rays
emerge is made of thin walled, lead-free, lime glass. The focal spot is
1/8 inch in diameter. The angle of the toe of the target has, in this
tube, been made 600 instead of the usual 450, for the following reason:
If, through overload or any other cause, the tube should allow any
"inverse" current to pass, it is desirable that this "inverse," which
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comes from the focal spot in a direction normal to the working face of

the target, should be intercepted by the molybdenum focusing device.
It would otherwise impinge upon the glass wall of the tube and probably
crack this by local heating. The use of the larger target angle brings
the normal to the target face nearer to the tube axis and hence permits
of the use of a smaller focusing device than would otherwise be necessary

and this is important in this case where it is so desirable to make the
tube small.

The cathode filament spiral calls for a heating current of 2.2 amps at
2.6 volts. The low filament wattage involved permits of the use of a
very small filament transformer.

OIL EXPANSION CHAMBER

As a result of the low efficiency of x-ray production and the location
of the x-ray tube in the oil with the transformer, all but a negligible
amount (less than one tenth of one per cent) of the electrical energy
delivered to the transformer appears finally in the oil as heat.

The tank and other metal parts expand relatively little but the oil
expands strongly on heating.

For the device to be operable in all positions, it is necessary, for the
insulation of the high tension system, that the tank shall at all times be
full of oil.

As the tank is made of thin metal and as it must be maintained
perfectly oil-tight, it is not permissible for the oil-pressure within the
tank to rise to more than 5 or 10 pounds above that of the atmosphere.

In the present outfit, the expanding oil flows out from the tank
through the tube U (Fig. 4) into the cylindrical chamber G, in which
there is an accordion-shaped metal tube, L, (a piece of "Sylphon"

tubing), closed at the inner (right hand) end, which collapses as oil
flows into the expansion chamber.

The advantages in this type of expansion chamber over that formerly
used2 are that it reduces the bulk of the apparatus and reduces the
pressure within the tank.

THE STABILIZER

A small Kearsley stabilizer,3 J, Fig. 4, mounted on the outside of the
unit, serves to hold the milliamperage constant at the pre-determined
value. The mode of operation of the stabilizer is seen by referring to

the diagram, Fig. 7. The high tension current which passes through the

2 Am. Journ. of Rocntgenology 7, No. 4, pp. 181-189, April 1920.

3 W. J. Kearsley Jr., Journ. of Radiology, pp. 3-7, July, 1921.
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x-ray tube is made to pass through the magnet coil, H, of the stabilizer.
The magnet coil operates an armature, I, which carries one of a pair of
co-operating contacts, D1 and D2. Through the operation of the stabilizer,
the resistance, R, is cut in and out of the primary circuit of the filament
transformer. By automatically controlling the fraction of the time that
this resistance is in the filament supply circuit, the stabilizer maintains,
in spite of line voltage changes and in spite of changes which may take
place within the x-ray tube, a constant current through the latter.
Owing to the fact that the energy required in the filament heating
circuit is so small, only about 6 watts, the sparking at the stabilizer
contacts is very slight, a fact which makes it possible to operate the
outfit a great many times before it becomes necessary to change the
adjustment of the stabilizer.

…--------------…----------------
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FIG. 7. Diagram of connections.

X-RAY PROTECTION

As has been pointed out, the lead-glass wall of the x-ray tube is
equivalent in protecting power to 1/32 inch of sheet lead. Further
protection might be unnecessary were it not for the following fact:
The inner walls of the tube are so close to the focal spot and, hence,
exposed to such a high x-ray intensity that they serve as a very strong
source of secondary rays and these escape under a wide angle through
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the transparent window. To suppress them, a sheet of lead 1/32 inch
thick, Z, in Fig. 2, and the lead cone, D, are used.

THE LOW TENSION CIRCUIT

Only one wire is used for the low tension circuit, the supporting arm
itself serving as the return conductor. With this system, but two sliding
contacts are required, one at the upper end of the fork which supports
the unit and the other at one of the lower ends of the fork.

The circuit diagram is given in Fig. 7, in which the letters have the
same significance as in the preceding figures.

Current is supplied to the unit from a 1 to 1 transformer, A, provided
with several taps. The coil of this transformer which delivers current
to the x-ray transformer has one end connected to earth and to the
metal support arm and the other end to the insulated cable. The
function of this auxiliary transformer is two-fold. Its use makes it
safe to apply the ground as shown, and, through the choice of the proper
tap, it adapts the line voltage to the unit.

THE OPERATING SWITCH

The operating switch, d, (Fig. 7) first closes the low tension circuit
through the resistance, r, and upon being depressed further short
circuits this resistance. The use of the resistance point in the switch
presents the high voltage surge which would otherwise take place
whenever the circuit is closed on the peak of a wave.

ELECTRICAL CHARACTERISTICS

The electrical characteristics, of one of the units, are given in Table 1,
in which the first and second columns give the primary voltage and

TABLE 1.

Tube Current Kilovolts (Max.)
Prim. Volts Prim. Amps. (Milli-

amperes) Useful Inverse

104.0 4.7 - 56.0
86.5 8.5 10 42.0 48.3
92.0 8.7 10 45.5 51.8
97.5 9.2 10 48.3 54.6

103.0 9.7 10 52.5 57.5

105.0 10.0 10 54.7 58.8

109.0 10.7 10 56.0 60.2

114.5 12.3 10 58.9 63.1
119.5 14.3 10 61.6 66.5
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current respectively, delivered to the x-ray transformer from an auto-
transformer with variable taps. The third column gives the milliam-
perage flowing through the tube. The fourth and fifth columns give
the peak voltage, "useful" and "inverse" respectively, determined by
the use of a sphere-gap and kenotron. The normal operating "useful"
voltage for this outfit is 56 kilovolts, at which point the "inverse"
voltage is seen to be only 7.5% higher than the "useful."

To operate from a direct-current supply, a rotary converter has to
be used, and care has to be taken in its design to prevent its causing
too large an increase in the "inverse" high tension voltage.

The filament heating current is 2.2 amperes at 2.6 volts.

CAPABILITIES AND LIMITATIONS OF THE SMALL UNIT

To study the effect of mechanical vibration, one of the little units
was placed in a close-fitting wooden box and carried about on the floor
of an automobile for several weeks of rough winter driving. The mile-
age involved was small, but twice a day the outfit was taken from the
car to the house or laboratory and was, on each occasion, dropped
from some little height to the floor. The wiring in this particular outfit
had been so arranged that a milliamperemeter could be connected in,
and at least once a day the milliamperage was measured. Although the
abuse seemed as bad as the wooden box would stand, no damage was
done to the unit and the adjustment of the stabilizer remained un-
changed, as was shown by the fact that the milliamperage remained
constant.

This little unit was intended for diagnostic work only. Even in this
field, however, there is a perfectly definite limit to what can be done
with it as it stands.

In one experiment, a current of 10 ma at 62000 volts (max.) was
thrown on for 5-second periods with 20-second intervals of rest. At
the end of 45 minutes the temperature of the oil in the can had risen
to 62° Centigrade and the pressure, shown by an attached gage, had
risen from 0 to 10 pounds, above that of the atmosphere. While it
would not have been safe to go much higher with either the temperature
or pressure, no harm had been done to the outfit. This service was
equivalent to making 108 intraoral dental radiographs in 45 minutes
on slow film. It would not have been safe to continue at this rate as
temperature equilibrium had not been reached.

Other experiments indicate that it would be conservative to use the
unit continuously for 40 such dental radiographs per hour on "slow"
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film or about 200 per hour on "fast" film. This latter figure is proba-
bly a higher speed than could be maintained by any operator.

That the life of such an outfit, working within its limitations, should
be very long was indicated by an experiment in which an outfit was
operated from a motor-driven switch, at 10 ma and 56000 volts, on a
schedule of 5 seconds on and 65 seconds off, 109000 times. There
was no evidence of the tube having been changed in any way by the
experiment.

Six of these experimental outfits have now been in;use in dental
offices for over two years and during this time only one tube has made
trouble.

e e

FIG. 8. Safety device for dental unit.

Where it is desirable to use the outfit for such hard service that it
might otherwise become overheated, the safety device shown in Fig. 8
can be added. The oil expansion chamber, G, is that of Fig. 4 and the
safety device consists of a pair of contacts el and e2 in series with the
low tension circuit of the x-ray transformer. As the outfit heats up,
oil flows into the chamber G compressing the sylphon, L. The
closed end of the sylphon carries a bakelite rod, f, which passes loosely
through the contact-carrying member g. When the maximum allow-
able temperature has been reached, the rod, f, presses against the other
contact carrying member, , and so opens the primary circuit of the
x-ray transformer, keeping it open until the temperature of the outfit
has fallen to a point where it can be again operated with safety.

If, for any purpose, the outfit is generally to be used in such a position
that the tube stands uppermost in the tank above the transformer, the
energy which can be continuously dissipated from the tank can be
considerably increased by making the tank of copper or aluminum,
instead of ioni, and taking it thick enough so that it will have an
essentially uniform temperature throughout. If, on the other hand,
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the tank is made of thin sheet iron, then only the oil in the neighborhood
of the anode and above it will be hot and, because of this fact and the
low heat conductivity of the thin iron, only the upper portion of the
tank will be very effective as a heat radiator.

OTHER APPLICATIONS OF THE OIL-IMMERSED DENTAL UNIT

As A Portable Device

In its simplest and most portable form, the unit is shown in Fig. 9,
mounted in a wooden box which is provided with a removable cover
which carries a suitable handle.

FIG. 9. Dental unit in portable form.

The small resistance unit, r, of Fig. 7, is included in the handle of the
push-button switch.

In this form the unit can be used for bedside radiography.
It seems especially well adapted to use in the surgical operating room

for fluoroscopic control in connection with the removal of kidney stones,
that is, in those cases where the kidney is, for this purpose, delivered
through the wound.

Such an outfit might render useful service to the building-contractor
for the floroscopic examination of walls and ceilings for getting informa-
tion concerning the location of concealed timbers, wires, pipes, etc.

In this form the unit should find many uses in industrial research
where it can be employed for easy radiographic or fluoroscopic work, to
differentiate between substances which do and those which do not
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fluoresce under the influence of x-rays, to ionize gases, to dissipate
electric charges on the surface of non-conductors, or with the help of an
electric field to give to the surface of either a conductor or an insulator
an electric charge of either sign.

For Physical Demonstrations

The following illustrations will serve to show the usefulness of the
device in physical demonstrations.

a =X 2~~~~-
al

FIG. 10. Vertical section of unit equipped for flioroscopic dem onstration of Laz
diffraction experiment.

Diffraction of X-rays

With the device arranged as in Figs. 10 and 11, the Laue experi-
ment can be shown fluoroscopically. For this set-up, the cover of the
outfit, shown in Fig. 9, has been replaced by a metal plate, i, in the
small depressed portion of which is an opening, j, 0. 067" in diameter.
This diaphragm, together with a second one, k, having an opening of
the same size and mounted 1 " above the first, serves to define a
small beam of x-rays which passes upward to the fluorescent screen,4 1.
The observer is protected by the lead glass, m.

With the apparatus as shown, a rock-salt crystal, a, cemented to the
end of a rotatable shaft, , is in the path of the x-ray beam. As the
rock-salt crystal is rotated (by means of the knurled head, o) the diffrac-
tion pattern, seen on the fluorescent screen, shifts, while the primary
beam remains fixed in position.

4 The most sensitive fluorescent screen available should be used for this purpose. That
made by the Patterson Screen Company, of Towanda, Pa., has been found very satisfactory
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The plate on which the rotatable rock-salt crystal is mounted is
pivoted on a vertical axis, P, and carries two other crystal fragments,
one of sapphire at q and one of diamond at s. The dotted position
shows the crystal s in the path of the x-rays, and a position intermediate
between the solid and dotted positions brings the crystal q into the
beam.

Through the agency of a spring actuated pawl, t, and two stops, u
and v, the crystal carrying member is given four definite positions, one
for each of the three crystals and one in which there is nothing inter-
posed in the path of the rays.

0 0

FIG. 11. Plan view corresponding to Fig. 10.

W is a metal cover which can be slid over the crystal carrying mem-
ber, when the outfit is not in use, for mechanical protection.

Ray-Track Experiment

For use with the C. T. R. Wilson apparatus, as modified by Shimizu,5
the x-ray unit is provided with a special metal cover carrying two dia-
phragms and is so placed, see Fig. 12, that the small x-ray beam
defined by these diaphragms passes about an inch to one side of the
expansion chamber, y. A circular window, z, of aluminum foil, 0. 0025
inches thick and inches in diameter, is clamped at the periphery
between two brass rings and these are fastened with Khotinsky cement
in a hole drilled in the glass side-wall of the expansion chamber.

When the x-ray switch is closed, no clouds are seen in the chamber
unless some source of secondary rays is interposed in the x-ray beam

I T. Shimizu, Roy. Soc. Proc. 99, pp. 425-431; Aug. 2, 1921.
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opposite the aluminum window, in which case scattered radiation can
enter the expansion chamber.

When a piece of wood is used as the scattering agent, the clouds in
the ray-track apparatus appear to have an average length of perhaps a
cm, while if copper is used, most of the clouds appear to be only perhaps
2 mm long. The difference is very apparent and the short clouds are
due to the K-radiation from the copper.

FIG. 12. Plat view of Aut arranged to shtow x-ray scattering by m1eauts of ray track apparatus

The Millikan Oil-Drop Experiment and a Working
Model of the Saiuie

In Fig. 13 an x-ray unit is shown in the center with the Millikan
oil-drop apparatus to the right and the model to the left.

The oil-drop apparatus is essentially as described by Millikan.1
A second, demonstration, eye-piece has been added to the telescope.
The second observer uses the eye-piece a while the demonstrator uses
the other eyepiece, b.

Pressure on E uncovers the hole in the upper plate d. Compressed
air is admitted to the atomizer g, through a valve which is not shown.

The self-feeding arc-lamp, L, is placed in a light-tight housing, pro-
vided with ventilating loeuvres.

The room is effectively darkened.

I R. A. Millikan, Phys. Rev. 32, pp. 349-397; 1911.
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High-voltage direct current is obtained from a transformer, not

shown, and a kenotron, K.
The x-ray outfit is carried by a vertical rod which passes through the

top of the table and is counter-weighted so that it can be easily raised

and lowered. It is also easily rotatable about the vertical axis.

No attempt has been made to do quantitative work with this appa-

ratus, but it has been used with great satisfaction for showing the

qualitative side of the Millikan experiment.
The working model of the experiment is seen to the left of the x-ray

outfit in Fig. 13. The large metal plates, C and D, correspond to the

plates c and d of the Millikan apparatus. C is, like c, connected to

ground while, by means of Si and S 2 , the high tension current can be

switched from d to D.
The high tension voltage is regulated by means of a rheostat which

is connected in series with the primary of the high tension transformer.

The disc of paper, P, corresponds to the oil-drop and is hung by a

piece of light oiled silk fish line from one end of the light wooden scale-

beam, E. The paper disc is roughly balanced by the counter-weight,

W, and brought to approximately the midway position between the

two plates by means of the rider, R.
The experiments may be carried out as follows: Plate D is brought

to +10000 volts. If this does not disturb P, it shows that P is

uncharged.
If now, leaving D charged to + 10000 volts, a thin beam of x-rays,

defined by the rectangular slit in the diaphragm F, is passed through

the air below P, the latter quickly rises showing that it has acquired a

negative charge.
If the voltage of D is reduced to zero, P returns to its original position,

moving upward again, however, if D is again brought to +10000 volts.

The negative charge may next be removed from P by bringing D

to zero potential and then, with diaphragm F dropped down, as shown

in the dotted position, turning a large beam of x-rays on P and the

surrounding air.
That the charge has been removed is shown by the fact that upon now

bringing D to + 10000 volts P does not move.
If now using the rectangular diaphragm, and with D at +10000 volts,

a thin beam of x-rays is passed through the air above P, it is seen that

P moves downward, showing that it has acquired a positive charge.

The behavior of the piece of paper is then like that of the oil-drop.

It can, at will, be made to either acquire or lose electrons.

[J.O.S.A. & R.S.I. 9W. D. COOLIDGE670
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The experiment also has this to recommend it that, unlike many
static experiments, it works as well in wet as it does in dry weather.

Thermoluminescence

If a piece of fused quartz is held for a couple of seconds in the x-ray
beam close to the window of the unit, and is then subsequently heated
in the dark in the flame from a Bunsen burner, it is seen that, long
before becoming visibly red, the quartz gives off a bright blue light.

If a strip of the ordinary calcium-tungstate intensifying screen, say
an inch wide, is held, with a pair of tongs, in the x-ray beam close to
the window of the x-ray outfit, one sees, in a darkened room, a brilliant
blue luminescence. Upon removing the screen from the x-rays, one sees
that there is but little phosphorescence. If now the screen is brought to
liquid air temperature, by immersing it for a moment in a Dewar
flask filled with liquid air, and then quickly placed in the x-ray beam for
a few seconds, one notices, upon removing it from the beam, first a
slight phosphorescence and then, as the screen warms up, a brilliant
yellowish green thermoluminescence.

The experiment is much more beautiful if a platino-cyanide of barium
screen is used. In this case the screen gives off green light under the
influence of the x-rays and shows very little phosphorescence. If
immersed in liquid air and then quickly subjected for a few seconds to
x-rays it shows, upon warming up, six distinct thermoluminescent
periods taking place in the following order:

Green
Light yellowish green
Reddish brown
Light green
Light reddish brown
Dark reddish brown.

EXPERIMENTAL OIL-IMMERSED OUTFIT FOR GENERAL MEDICAL
DIAGNOSTIC WORK

This outfit is very similar to the dental outfit already described but
differs from it in enough respects to warrant a brief description.

It is designed to operate at 30 milliamperes and 84000 volts (max.).
The x-ray generating unit, consisting of high voltage transformer,

filament transformer, x-ray tube, metal container and oil, weighs
90 pounds.
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The unit is shown in Fig. 14 mounted on a regular radiographic

table. To house the heavy counterweight, the supporting steel tube

is made very large-5 inches in external diameter.

By accurate counterweighting and the use of ball bearings throughout

and by arranging to have the two horizontal axes, about which the

unit rotates, pass through its center of gravity, the movement of the

unit at any point within its range is made easy and smooth.

FIG. 14. THigh power oil-immiersed outfit as arranged for general miedical radiography

The connections inside the unit are the same as in the dental unit.

The outside connections are so changed that the x-ray switch controls

only the current supply to the x-ray transformer. A-separate switch

controls the current supplied to the filament transformer.

The control stand contains the usual autotransformer, voltmeter,

time-switch, milliamperemeter and adjustable Kearsley stabilizer. 

7 A special table of heavier construction would be much better for this purpose.
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A flexible four-wire low tension cable, leading from the unit, is carried
on a large spring-reel supported either from the ceiling or from a fixed
mast attached to the table. Contact between the wires of the flexible
cable and the stationary wires leading away from the reel is secured
through brushes and slip-rings.

The x-ray tube is shown in Fig. 15. It is designed to operate at 30
milliamperes and 84000 volts (max.), and to have a much larger factor of
safety than the regular 30 milliampere Radiator tube. The bulb is 33
inches in diameter and the overall length of the tube is 8' inches. The
anode head is made large and hemispherical in shape and, to permit of
more rapid heat flow to the oil, the anode stem is made very large-

FIG. 15. Tbe used in high power ofit of Fig. 14.

13/16 inches in diameter. To increase that portion of the anode surface
which is in contact with the oil, a circular disc of copper 2 inches in
diameter is soldered to the outer end of the anode stem.

X-ray protection is obtained by the use of lead on the outside of the
metal tank containing the unit.

This outfit, because of the larger external surface of the container, is
capable of continuously radiating more energy than the dental outfit.
It is intended, however, for medical diagnostic work and any heavier
duty than this would call for water or forced air cooling.

It s a pleasure to me to aknowledge the able assistance in this
work of Mr. George Hotaling and Mr. Leonard Dempster.

RESEARCH LABORATORY,
GENERAL ELECTRIC COMPANY,

SCHENECTADY, NEW YORK.
June 18, 1924.
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