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PREFACE

Tuis book has been written with the object of
placing before the reader, be he operator or expert,
the various details of photographic technique of
which a knowledge is so necessary in radiographic
practice. The number of works dealing with
X-ray grows apace, but they one and all deal
with the more or less general practice of radiology,
and in many cases the treatment of the purely
photographic side has been rather neglected. Just
as many people ignorant of pure photography
think that the possession of a good camera or a
fine lens will secure the production of excellent
photographs, so the radiologist is often led to
imagine that high power installations and lavish
equipment must lead to the best radiographic
results. The photographic knowledge of many
operators is lamentably inefficient, the busy
medical man has little time to study photographic
principles; yet a knowledge of the principles
underlying the production of technically good
negatives and prints is indispensable in orde’r
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viii RADIOGRAPHIC TECHNIQUE

successfully to operate X-ray installations, large
or small.

A preliminary chapter has been given which
deals with the installation itself, in order to aid
the operator in locating faults or breakdowns ;
but the chief aim of the author has been through-
out to put together in concise form the photo-
graphic and other information so essential to
the operator or radiologist who requires the
best photographic results under varying or
difficult conditions, which, as already stated,
has been more or less omitted from other text-
books.

Radiography is a somewhat intricate mixture
of medical science, electricity, and photography,
all of which must be co-ordinated if satisfactory
work is to be done. - The many practical points
in connection with the intelligent use of intensifier
screens, the control of the photographic image in
exposure and development, the management and
equipment of the dark-room, and so on, are fully
discussed, and two concluding chapters have been
added which deal with some of the recent indus-
trial applications of radiography, which not only
greatly enlarge the future scope of this com-
paratively new science, but open up possible
occupation for some of the many operators whose
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services were engaged during the war for military
work.

I take this opportunity of expressing my thanks
to Messrs. Watsons (Electro-Medical), Ltd., who
have helped me considerably with information
and illustrations of apparatus, and to my wife,
whose assistance in my laboratory in preparing
much of the matter has been invaluable.

1 BRONDESBURY MaNsions, N.W. 6.
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CHAPTER 1

The scope of X-ray work—Importance of photographic
technique in radiography—Modern apparatus—~Sources
of power—Resistances and switchboards—Fault location.

IT is not usually recognised by those engaged in
radiographic work that photography with the
X-rays is primarily a photographic operation ;
that radiography is a three-fold science, requiring
a knowledge of photography and electricity as
well as of medicine. The chief object of the
radiograph is to provide the medical man with
a means of diagnosis, but this means is only
satisfactory when the photographic character of
the radiograph is good.

Much of the value of an X-ray installation may
be lost if the necessary photographic knowledge
and operating technique be lacking; a radio-
grapher may equip himself with a very powerful
installation, and all kinds of elaborate appliances,
and then be disappointed that he can do no better
than another with a far humbler equipment.
The latter is probably handled by a man who is
thoroughly acquainted with the practical side of
the work—who can produce far better photo-
graphic results, and can obtain the most perfect

A



2 RADIOGRAPHIC TECHNIQUE

combination between the electrical and photo-
graphic conditions involved.

Radiology plays such an important part in
modern medicine that in most hospitals one or
more operators are employed to do the purely
technical work, but they too frequently find that
it is not to be conducted on ordinary photographic
lines ; many medical men—and the number is
growing greater daily—have a moderate-sized
installation of their own and do the whole of the
work themselves.

The object of this book is to provide practical
information for both, and to omit matters that
have been so often and so ably treated in the
text-books on X-ray work which have been written
by medical men. It will also be assumed that
the rudimentary principles of electricity are
known, or can be assimilated from one of the many
elementary text-books available.

X-rays are produced by the excitation of the
highly exhausted X-ray tube by a high tension
(high voltage) current generated by means of an
induction coil or high tension transformer. In
selecting a coil and its auxiliaries the nature of
the current available must be considered. The
voltage usually given by electricity supplies is
100, 200 or 240, and this may be uni-directional
or alternating. The former—direct current—is
necessary for induction coils, the latter for trans-
formers. Direct current is also necessary for
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charging accumulators or storage batteries. The
primary current obtained from any such sources
must be transformed up to a voltage of some
tens, or even hundreds, of thousands in order to
overcome the resistance of an X-ray tube. While
modern progress tends to indicate that the high
tension transformer will be almost universally
employed for large installations in the future, the
induction coil is far more commonly employed
at present, and any coil capable of giving a ten-
inch spark in air, and upwards, can be employed
in X-ray work. .

There are a good many different types of coil
available, but all work essentially on the same
principles. The induction coil consists essentially
of a central soft iron wire or laminated iron core,
over which is a primary winding of one or two
layers of fairly thick insulated copper wire. The
primary winding is then covered with a heavy
tube of ebonite or mica, in order to insulate it
very heavily from the secondary winding. The
latter is wound over the insulating tube, and may
consist of several miles of very fine insulated
copper wire, of No. 36 or No. 38 gauge. The
increase in voltage depends on the ratio of the
number of turns on the secondary to the number
of turns on the primary.

The secondary coil is wound in sections for
the purpose of better insulation; the winding
is carried out in various ways by different makers,
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but each section is usually so impregnated in
paraffin wax that wax really forms the insulating
material. When a coil breaks down, it may be
due to the fact that sparking has occurred at some
part of the winding, and has caused either a break-
down of the insulating material or an actual
burning through or rupture of the wire. It is
then the instrument maker’s business to test each
section of the winding, locate the fault, and repair
it. Provided due care be exercised in the operat-
ing of an X-ray installation there should be little
fear of a breakdown. Instrument makers, however,
sometimes complain that an urgent call is made
for an expert to be sent perhaps a long railway
journey, in order to put right an installation which
‘will not work,” and it is found on investigation
that the whole trouble is afaulty or loose connection
on the switchboard. Little faults of this kind
ought to be capable of detection by every one who
uses an X-ray apparatus, and in order to give a
general idea of the various parts to be looked over
in case of trouble a very brief description will be
given in this chapter of component parts of the
coil, interrupter, resistances, switchboard and so
on.

In selecting a coil, it must be borne in mind that
the primary can be wound to suit the electricity
supply, or the voltage of the supply can be con-
trolled by ‘means of resistances, the latter being
pheusual course. Coils are generally made suitable



THE SCOPE OF X-RAY WORK 5

for running from anything between a storage
battery giving 24 volts to a direct supply at 250
volts. The primary voltage is of importance,
because the secondary voltage depends not only
on the ratio of the number of turns in the secondary
to the number of turns in the primary, but directly
also on the voltage applied to the primary. For
this reason storage batteries should only be used
if possible for cases where a portable coil has to be
taken to a patient’s house, as with 24 or 36 volts
only a great degree of penetration is not obtainable.

The advantage of a 16-inch coil (z.e. a coil giving
a 16-inch spark in air), over a 12-inch coil is that
the thick parts of the body can be photographed
in considerably less time, with the result that a
sharper image is obtained. By passing a primary
current of 20 to 60 ampéres through the primary
of a suitably built 16-inch or 20-inch coil, exposures
of a hundredth or even a thousandth of a second
can be given, with which distinct detail can be
obtained in moving parts such as the heart,
lungs, ete.

In Fig. 1 the essential parts of the coil winding
are shown ; PP represents the primary winding
of one or two layers of thick copper wire wound
round the central core of soft iron AB. I is a
heavy mica tube, thickly coated with shellac,
over which the secondary winding SS is placed.
If we disregard an evitable loss in transformation,
then a current of 5 ampéres at 100 volts passed
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through the primary would, on interruption,
induce a current of say 5 milliampéres (five
thousandths of an ampére) at a voltage of 100,000—
the product of the volts xampéres being the same
in each case. In practice, a good deal of the
primary energy is lost in the transformation, but
in a well-constructed coil it need not be more than
30 per cent.

The primary is usually divided and an arrange-
ment of terminals of its sections given, so that by
connecting up in different
/ / ways the two layers in

ywrre: the coil can be placed in
o= is parallel or series. It will
/ / be remembered that the
current passing through any
circuit increases directly as
the voltage or inversely as the resistance, so that
if we have the two layers of the primary winding
in parallel, the resistance will be half that in the
case of the two layers being connected in series.
This arrangement is an advantage, as the series
connection can be used in work from accumulators
or a low voltage supply.

The amount of current passing through the
primary of the induction coil can be controlled by
means of a resistance. In Fig. 2 P represents the
primary of the coil, and R the regulating resistance,
consisting usually of a coil of resistance wire
capable of carrying several ampéres current wound

Fra. 1.
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over a frame and provided with a sliding contact
C or a number of studs by which the number of
turns of the resistance used can be varied. This
resistance is in parallel with the primary of the
coil, an arrangement not often used. In Fig. 3
the regulating resistance R is placed in series
with the primary.

In the arrangement shown in Fig. 2 the current
from the main distributes itself between the

Fains Mains

|

L —

P P
1 C C
HI— A
R R
Fra. 2. Tre. 3.

primary P of the coil and the regulating resistance,
that passing through the coil increasing as the
resistance in R is increased, and vice versa. From
a supply such as one hundred volts or more a
second resistance would have to be employed
in series with one of the mains terminals and one
end of the primary P. In Fig. 3 the primary
of the coil and the regulating resistance are
connected in series, that is to say, the resistance



8 RADIOGRAPHIC TECHNIQUE

of the resistance coil is added on to the resistance
of the primary, so that as R is increased less
current passes through P and as it is decreased
more current passes through P. These resistance

WIRAIEY

Fic. 4. Complete switchbéard for coil and interrupter.

coils are usually mounted on a slab of marble or
in an iron frame and are very often placed behind
the switchboard.

In Fig. 4 is seen a resistance in which there are
a number of studs provided with contact handles
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which can be slid on to any one of them. The
more usual and more convenient arrangement is
to have the resistance mounted on a frame work-
ing behind the complete switchboard as shown ;
above the regulating resistance there is the main
switch, and on each side of this safety fuses
are provided for the primary circuit, and at the

e

i S
Fic. 5. Connections of coil primary with mains, interrupter,
regulating resistances, and condenser.

top of the switchboard voltmeter and ammeter
by which the amount of energy taken up by the
primary can be seen at a glance. In the illustra-
tion the coil, milliammeter, and tube are shown
mounted above, and the interrupter below.

An indispensable part of the induction coil
when used with a mercury interrupter is the
condenser. The interrupter itself serves to cause_




10 RADIOGRAPHIC TECHNIQUE

the induced currents in the secondary winding ;
the primary current being alternately ‘ made ’ and
‘broken,” the induction through the secondary
coil changes, and an induced electro-motive force
is produced in it, of opposite direction when the
primary current is made to that when the primary
is broken.

One of the functions of the condenser is to
increase the length of the make, and to increase the
abruptness of the break; it greatly reduces
sparking at the interrupter when the current is
broken, and thereby increases the rapidity with
which the primary current stops. One effect of
this is that the secondary voltage is greatly
increased at the break, so that far more electro-
motive force is produced at the breaks than at
the makes, with the result that the secondary
discharge is more or less uni-directional. The
smaller currents discharging from the secondary
are known as inverse currents, and although these
have been greatly suppressed in the best make
of induction coil, a certain amount of inverse
current is invariably produced, and is eliminated
by the use of valve tubes or rectifying appliances,
which are discussed later.

The condenser is usually mounted in the base
of the induction coil, and only rarely requires
attention. It consists of two series of interleaved
tin-foil sheets, each sheet separated from the
adjacent ones by means of paraffin-waxed paper
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(Fig. 7), the two ends being connected with the
two terminals of the interrupter, 7.e. shunted across
it.

1t occasionally happens that one of the insulat-
ing sheets will become pierced, when the spark of
the coil -will become watery, and greatly reduced
in length. The condenser will then have to be
repaired. When dealing with very powerful in-
stallations, a spare condenser will be found a
useful accessory in case of need.

The hammer interrupter for alternately making
and breaking the primary current is now obsolete,
and is only occasionally used in the construction
of portable coils. The mercury interrupter and
the electrolytic are almost universally employed,
and full descriptions of them will be found in
makers’ catalogues and X-ray treatises. A jet
of mercury is made to rotate, and so thrown
against a set of fixed contacts, each time the
nercury strikes a contact current being enabled
to pass across the interrupter circuit. In most
cases a small motor, driven from a separate
source (z.e. the mains, or from a secondary battery),
is fixed above the interrupter, providing the power
for driving the mercury by centrifugal force into
the jet or jets. The Dreadnought interrupter of
Messrs. Watson and Sons, Limited, is seen in Fig.
6 ; the driving motor is seen fitted above the top,
and the motion imparted to E forces mercury
through the jets BB ; these jets strike the contacts
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CC. To prevent sparking, gas is used to form a
di-electric ; gas from the mains or from an inflated
rubber bag being forced through the interior before
starting up, and a very small amount of gas being
allowed to pass through during working, or for a
few seconds between each exposure. Care must
be taken that the gas has completely expelled

i

Fri. 6. Mercury interrupter, showing construction.

all air from the interrupter interior before it is
started up.

A great deal depends on the efficient working of
the interrupter, which should be frequently cleaned.
It must be taken apart for this purpose, and the
mercury carefully emptied out into a dish or
beaker, and the scum removed by filtration, The
mercury can be gently squeezed through a piece
of clean washleather, or it may be cleaned by
gently agitating it with a piece of crumpled-up
moist filter paper, a dry filter paper being after-
wards worked through it several times to take
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up any moisture. The interior parts of the in-
terrupter should be wiped with a piece of soft
rag, and the contacts kept quite clean. The
commutator of the driving motor will also require
occasional cleaning. -

In order to facilitate joining up, or tracing out
a faulty connection. the wiring arrangement is
shown in Fig. 5. One terminal of the electric
supply leads direct to the regulator of the coil
resistance, the other ter-
minal of the resistance L J
leading to one terminal of :
the primary. The other :]
terminal of the electric
supply is connected to (i)
onc terminal of the interrupter, and (ii) one
terminal of the condenser, shown on the coil
base.

The second terminal of the interrupter is con-
nected to (i) the second terminal of the primary,
and (i1) the second terminal of the condenser. A
separate plug would be used for connecting up
the motor, as shown ; one wire leading direct to
the motor, the other leading to it through the small
regulating resistance by which its speed, and hence
the number of interruptions per seconds, is con-
trolled.

The electrolytic interrupter, originally devised
by Wehnelt, is of far simpler construction, and
can be used with continuous current of 65 volts

T, 7.
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upwards. It interrupts the current with extreme
rapidity, and allows a large quantity of energy to
pass, and is therefore suitable for work where very
rapid exposures are to be given. The simplest

Fic. 8. Complete Xray installation by Watson, showing
interrapter and rotary rectifier beneath.

form is seen diagrammatically in Fig. 9. L re-
presents a large lead electrode, P a platinum point
projecting from a porcelain tube of conical shape,
both immersed in sulphuric acid of specific gravity
1-2; this may be made by mixing one ounce of
concentratéd acid with 5 ounces of water, Some-
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times as many as six platinum electrodes are used,
more usually three.

When current passes through the solution, the
platinum electrode (positive) becomes heated
and small bubbles of gas are produced owing to
electrolysis of the water, and these interrupt
the current. A spark then takes place at the
anode, explodes the gases, and the platinum again
comes into contact with the acid ; these interrup-
tions take place very rapidly, 1000 to 2000 per
second being produced with only

one anode. Considerable noise is § a ‘ﬁ‘-ﬁl
caused by these interrupters when ﬁLl -
working and a sound proof box is ==}
often supplied to enclose them. Sk ::—/f
The X-ray tube is described in :‘Fl;:‘—

the next chapter, but a few re-
marks may be made here about tube stands, etc.
In practically all methods of estimating the
exposure a milliammeter is employed, and the
tube should be connected with the coil via a
milliammeter, and with one or more rectifying
valve tubes in circuit to suppress inverse current.

The best type of milliampéremeter has a zero
point in the centre of the scale on the dial, and
reads in either direction, 7<.e. to right or left;
this saves having to connect the -|- terminal to a
special terminal of the meter. A useful instru-
ment for general work should read up to 15 or 30
milliampéres, and most instruments are provided
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with a shunt coil which makes the reading represent
ten times the current ; thus with the milled head

4 - : o —

and, by Watson.

E

Fre, 100 Mdjustable tube-s

provided in the first position, the reading will be
direct in milliampéres ; if the milled head be
“turned into the ‘10’ noteh, a reading of 3 milli-
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ampéres will represent 30, and so on. This
device of course makes the range much greater,
while giving greater accuracy on the lower
readings.

The milliammeter, as well as the valve tube or
tubes, must be supported on suitable stands and
carefully insulated. It must be borne in mind
that very high voltage currents such as are used
to excite the X-ray tube will readily °creep’
across damp or dust, and apart from the danger
alive ” so that minor shocks

<

of making apparatus
may be felt on touching it, a great deal of the
secondary energy may be needlessly dissipated
and the output of X-rays suffer correspondingly.

The tube stand usually provides vertical and
horizontal motion to the tube box or holder, and
these movements should be very casy, despite
the somewhat heavy nature of a tube stand,
necessary to secure rigidity. The tube holder
may be made of wood, lined with lead rubber,
or a lead glass tube shield may be employed. In
either case, the arrangement should be such that
the beam of rays from the anticathode alone
emerges from the tube holder, and a fluorescent
screen held at the sides or back of it should show
little or no signs of fluorescence. A universal ball
and socket joint is often provided to enable the
tube to be placed at any angle, and diaphragms
for screening the rays or limiting their field
should be provided with the tube box.

B
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Where an X-ray couch is provided, the. tube
box is usually placed beneath, and the more

Tia. 11, The same stand, with compressor, in position for radiography.

recent couches are fitted in addition with the
necessary movements and measurement devices



THE SCOPE OF X-RAY WORK 19

for localisation. The two illustrations, Figs. 10
and 11, show a stand ! with which the tube can
very readily be adapted for use for screen examina-
tion or for photographic work above or below the
couch.

The secondary circuit connections are seen
in Fig. 12, where M is the milliammeter, V; and
V, the two valve tubes (one valve only need be

M

Tia. 12, Diagram showing conucetions of coil, alternative
spark-gap, valve tubes, milliammeter and X-ray tube.

employed in very small installations, and it can
then even be dispensed with if desired, though this
is never recommended), 7' is the tube, and S the
spintermeter showing the alternative spark-gap.
When a coil is switched on, it occasionally
happens that through some faulty connection the
apparatus does not function, and a lack of know-
ledge of the general connections and construction
of the apparatus frequently leads to an expert

1 Watson and Sons, Ltd.
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being called in; this should only be necessary
in the case of actual breakdown, which fortunately
is very rare.

Accumulators are a constant source of trouble,
as they are frequently run down when wanted,
and if used in this condition, the coil will keep
stopping, and the intensity of the rays be very low.
It is fatal to an accumulator to attempt to use it
in this condition, and it should never be allowed
to run down too low. A small voltmeter should
be connected with the terminals before the accumu-
lator is used ; when fully charged it may show up
to 2:1 volts per cell, when nearing discharge the
voltage will drop considerably, and 1-8 volts per
cell should be regarded as the lowest admissible
before recharging. In a battery of twelve cells the
voltage thus drops from 25-2 to 21-6, and it must
be remembered that this drop of over 3% volts,
or nearly 14 per cent., will materially affect the
penetration and exposure in a small installation.

Failure to start up, where the coil is working off
the mains, or from a small generator, can only be
due to a wrong connection, an imperfect or loose
contact, or to the interrupter. Terminals, screws,
and the nuts clamping the wires in a resistance,
as well as those on the switchboard, have a habit
of working loose at times, and by going over every
connection in the circuit a fault can usually be
detected in a few minutes. Spring arms pressing
against contact pins are sometimes used by
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manufacturers, as in the moto-magnetic inter-
rupter of Watsons, etc., and these occasionally
get corroded, and require scratching or rubbing
with emery or with a smooth file.

A small, cheap galvanometer will often be found
useful, which can be connected in series with a
dry cell ortwo, and any circuit tested for continuity,
or any part of the circuit. In this way a faulty
or loose connection can quickly be traced, and it
is a much more satisfactory way than using the
main current.

The methods of varying the secondary current
in either coil or transformer, and the control of
the Coolidge tube, etc., are omitted here, as the
majority of text-books on radiology deal with
them. ‘

The reader is referred to section I of the
appendix, where the subject of the protection
of the operator and patient is dealt with. This
matter is one which demands the most careful
study of all engaged in radiology.



CHAPTER 11

The photographic plate: its characteristic properties—
Special features of X-ray plates: speed : estimating
exposure—Radiometers,

THE photographic technique of X-ray work differs
considerably from that of ordinary photography,
and requires careful study even by those who may
be skilled photographers in the ordinary sense.

It is somewhat unfortunate that the photo-
graphic side of the work is so frequently neglected ;
expensive and elaborate apparatus is often used
in order that short exposures may be given ;
great efforts are made on the part of the manu-
facturers to provide high penetration and power,
and unless the capacity of the output and skill of
the operator is followed by sound photographic
practice the net result may be greatly vitiated.

X-ray plates differ considerably {from the plates
used in ordinary photography. Usually, but not
necessarily, they are far less sensitive to ordinary
light than so-called extra rapid plates, but they
are very much faster when compared under the
influence of the X-rays. The plate is prepared
by spreading evenly over a sheet of carefully

cleaned glass an emulsion containing silver bromide
22
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with a small percentage of silver iodide. The
emulsion is prepared by adding a solution of silver
nitrate to a solution of ammonium bromide (and
potassium iodide) containing gelatine, when silver
bromide is formed according to the chemical
equation :—

AgNO, +  NH,Br = AgBr -+ NHNO,
Silver nitrate plus ammonium yields silver plus ammonium
bromide bromide nitrate.

The silver bromide is a creamy white salt,
insoluble in water, and becomes emulsified with
the gelatine and thereby held in suspension.
Ammonium nitrate, the by-product, is an ex-
tremely soluble salt, and is removed by allowing
the emulsion to cool, squeezing the jelly through
a silver gauze, and washing the shreds into which
it is thus broken up in several changes of water.
The jelly is then melted up again and distributed
by a coating machine over the glasses, which run
under the coater on an endless band over which
cold water is flowing in order to ensure rapid
setting of the emulsion.

Despite the apparent simplicity of making a
plate emulsion, the refined methods by which
rapidity is obtained have been the outcome of
many years of elaborate and very costly research.
By varying the viscosity of the solutions, the
temperature at which they are mixed, the rate of
mixing, the amount of ammonia present and the
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form in which it is employed, and the subsequent
digestion, or cooking, of the emulsion to ‘ripen’
it, plates with great variation in their qualities
can be produced.

The X-ray plate must be coated with an emulsion
in which the silver bromide is in an excessively
fine state of division, when it is most opaque to
the rays; it must be very richly coated, in order
to absorb as large a percentage of the rays as
possible, and so on. It has become, by constant
improvement, markedly superior to any ordinary
plate for radiography, and no operator would now
use an ordinary plate where an X-ray plate is
procurable, except for such simple subjects as the
hand or wrist.

There are several makes of plate—the Imperial,
Ilford, Wellington, Sunic, Wratten and so on—
each one possessing someindividual characteristics;
the general run of X-ray plates has to-day reached
a high state of perfection, but there are neverthe-
less both chemical and physical features which
require study and consideration, in order to obtain
the best results. These will be fully dealt with in
due course.

1t may be of interest at this stage to give a
brief idea of the method in use for comparing one
plate with another. Probably two makes of
plate, which when exposed cqually under an ankle
and developed together appear to be of the same
rapidity, may have a different relative speed if
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the comparative exposure be made through the
chest or hip. There would appear to be some
substantial difference between the chemical action
of the soft and the very penetrating rays. The
broad function of the rays is, however, to act on
the silver bromide in the plate and produce in it
a chemico-physical change of such nature that
when the plate is developed, the exposed parts are
reducible by a developer. The black image
consists of metallic silver—black by nature of its
chemical reduction—and the image before develop-
ment is spoken of as the latent ‘mage. The
unexposed portions of the plate will sometimes
darken on development ; this is known as fog.
Fog may be produced by keeping plates too long
before use, or storing them in too warm or damp
a place, or by not exercising care to keep them
away from any source of X-rays.

When comparing one plate with another, we
have to examine the following properties :

(1) Speed.

(2) Density giving power.

(3) Gradation, 7.e., the degree of contrast
between portions of the film differently
exposed.

(4) Freedom from fog (or tendency thereto).

(5) Mechanical defects, such as tendency to
frill at the edges, or to blister, in hot
weather.
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In a monograph on the Hurter and Driffield
system of plate measurement, Mr. Vero C. Driffield
says ‘we define a technically perfect negative
as one in which the opacities of its gradations are
proportiohal to the light reflected by those parts
of the original object which they represent.” A
radiographic negative is one in which the opacities
are more or less proportional to the X-rays reach-
ing the plate through the different parts of the
body which they represent. The opacity—the
inverse of transparency—means the fraction of
the incident light transmitted by any given part
of the negative ; in photographic work we usually
employ the term °density,” which is merely the
logarithm of the opacity ; the quantity of silver
reduced in any part of the negative is proportional
to the density. Hurter and Driffield employ a
factor which converts the density into the weight
of the silver per unit area, and by making careful
investigation of the relations between density,
gradation, and exposure they discovered the law
which expresses the action of light upon the plate.
We have in this book to deal with the effects of the
X-ray upon the plate, which are more complicated
on account of the very varying character of the
X-ray beam. But we shall endeavour to show,
by means of measurements of the densities of
parts of negatives exposed under different thick-
nesses of aluminium, etc., how the relationship
between the densities and intensity of the rays
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is, as in the case of light, determined by the
exposure.

The value of giving a little practical thought to
this matter will be found in the fact that, once
the exposure is made, little can be done to modify
the result afterwards; that correct exposure is
essential for the production of good negatives ;
and that the character of a plate can be readily
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Tre, 13. Curves showing relationship between exposure and density
in the negative,

ascertained by simple tests of the relation between
exposure and density.

We can gather a good deal as to the general
character of the X-ray negative and its recording
powers from the curves shown. In Fig. 13 is
shown the relation of the densities in successive
portions of an X-ray plate exposed for 1, 2, 4, 8,
16, 32 and 64 seconds—the exposure being doubled
in each case. The rise in density is considerable,
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for exposures up to 8 seconds (1 milliampére
through the tube, 4} inches equivalent spark-
gap); it then rises less gradually as the time of
exposure increases.

If we take as abscissee each division of exposure
representing a doubling of the exposure, we get
the dotted curve, showing a fairly uniform gain in
density for exposure increase.
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Fra. 14.

Turning to Fig. 14, we see two curves 4 and B,
obtained by plotting against exposure the densities
obtained on small strips cut from the same plate,
exposed at 6, 7, 8, etc. to 19 inches from the anti-
cathode ; B was cxposed to the tube when screened
by 1 millimeter of aluminium. Here again we
see a gradual fall in density as the plate is exposed
further from the tube, the effect of the aluminium
being not to alter the character of the curve, but
merely to decrease density slightly.

An important point has cropped up during the-
measurement of some hundreds of X-ray plates
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which deserves serious consideration, and is in-
dicated in Fig. 15. The author’s radiometer
(vide p. 34) was used in the tests, and the curve
shows the densities obtained in the negative when
exposed through 1 to 12 thicknesses of %;th inch
aluminium. It will be seen that as thickness of
aluminium is increased, 7.c. as harder and harder
rays cause the photographic effect, there is a
distinct fall in density to a certain point—the
Pths inch of aluminium ; for the next five extra
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thicknesses we get very little decrease in density ;
then, after f;ths inch of aluminium, the density
again falls considerably for further extra thick-
nesses. These results indicate that there is a
certain hardness of X-ray which gives very little
contrast in the negative, and that exposures
made with rays of such hardness cannot be ex-
pected to give negatives with good differentiation.
The matter is one which deserves attention, and
the author hopes shortly to publish some further
details on the matter.
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In practice we may take it that the photographic
plate gives us a regular scale of gradation corre-
sponding to the different opacities of the various
parts of the body, until a point is reached where
the rays cannot penetrate greatly any further,
either by reason of too weak an installation or
too short an exposure. It is impossible to get
the same degree of contrast, in one plate, between
the very opaque parts of the body and the less
opaque parts ; in the thicker parts of the body,
unless the installation be sufficiently powerful,
we are not likely to get strong contrasts as we can
do readily when dealing with the hand, ankle
and so on. Moreover, the more penetrating rays
do not appear to produce the same degree of
contrast as soft rays.

The threec diagrams shown in Fig. 16 may
make the question of gradation clearer. Here
are seen three ‘curves’ a, b, and ¢ representing
three types of negative; b represents a normal
negative, and ¢ represents a negative in which the
contrasts are too strong or severe—the black parts
are too black, the grey parts too weak; a repre-
sents the reverse case—a ‘soft’ or ‘weak’
negative, such as is obtained by over-exposure
and short development or radiographing the chest,
for example, with a tube not giving sufficient
penetration. B represents the various degrees
of density in parts of a negative exposed under
opaque bodies of equal differences of thickness,
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showing roughly that we get equal increases in
density for equal diminutions in opacity, over a
certain range covering most of the cases met with
in general practice.

If the character of the negative looked at from
this standpoint be understood, it will be more easy
to judge what is wrong with a faulty negative.

Density

Exposure

Tra. 16,

As will be seen in the chapter dealing with develop-
ment, it is possible to counteract excessive contrast
or density, or on the other hand any tendency of
the negatives to be too flat or weak.

A method of estimating the relative sensitive-
ness of different plates was communicated in
August 1918 to the Royal Society of Victoria by
Miss N. C. B. Allen and Professor T. H. Laby.
The plates to be tested were exposed in strips,
developed at a standard temperature (20° C.)
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for a constant period, and the densities of the
various sections determined by a polarisation
photometer. The natural fog of the plate was
deducted from the density readings.

The exposure £ was defined by

V2] d3

where V represents the voltage applied to a
Coolidge tube, ¢ the quantity of electricity passing
through the tube, measured in coulombs,! and ¢
the duration of exposure ; d represents the distance
of the focal spot from the plate. Three values
were used for V, viz., 31,500, 73,000 and 83,000.
The current varied between 0:03 and 0-06 milli-
ampeére.

The speed of the plate was defined as the re-
ciprocal of the cxposure required to produce a
density in the negative of 5, as measured on the
lines of Hurter and Driffield.

The density produced was found to be constant
in the same plate for a constant value of the
exposure over the range V=31,500 to V=83,000,
and for a moderate variation of ¢ and ¢, showing
that within limits the density depends on the
energy of the X-rays rather than their wave-
length., We have found this not to be the case
when the voltage rises very much, and the authors
point out that their own experiences are the same
where ¢ or ¢ vary greatly.

1 A coulomb represents the passage of a current of one ampére for
one sccond.
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The °‘speed numbers’ obtained show certain
X-ray plates to have a speed of -00015, for example,
as against -000028 of a make of ordinary photo-
graphic plate, showing a great advantage in
speed of plates specially prepared for use with the
X-rays.

As a radiometer for obtaining the data previously
discussed as to the density of a negative for vary-
ing amounts of exposure, we have constructed
the apparatus shown in Fig. 17, where each
successive step consists of one extra millimetre
thickness of aluminium. Sixteen such steps are
provided, 1 to 8 in one radiometer, and 9 to 16
in another. The size has been made so that the
two radiometers can be laid side by side upon
a half-plate. The densities obtained are then
determined by means of a photometer giving
readings in direct logarithms of the opacity.

The other method, used in preparing the curve
shown in Fig. 13, depends on exposing successive
strips of a plate to the X-ray beam for varying
times. This method has been used by L. P.
Larkin,! as a means of dosage measurement, using
photographic paper exposed for varying times,
such as 120 seconds, 108 seconds (a tenth less),
96 seconds, etc., and developing so as to get a
graduated scale of tints. An interesting test was
made with five such paper strips exposed to a
tube run from a high tension transformer giving

L American Journal of Ronigenology, Sept, 1919,
¢
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45, 50, 55, 60 and 65,000 volts respectively. The
results showed approximately that for each increase
of 5 K.V. a tenth less exposure was required

to produce the same _denth of u,,.Oj

Fre. 17, Thorne-Baher Radiometer, Two of these are used
side by side, one giving 1 to 8 variations in thickness
of the aluminium, the other 9 to 16 thicknesses.

The chief factor in turning out successful
radiographs is to give correct exposure with rays
of the right penetrating power, and this can only
be done, with the varying character of the subjects
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photographed, as a result of long and constant
practice. The penetrating power of the rays
depends primarily upon the voltage applied to
the tube terminals. The voltage of the secondary
current in any given coil depends on the voltage
of the primary current, and this can be regulated
within the limits of the coil by varying a resistance
shunted on the primary circuit. With a given
voltage, we can only increase the penetration by
the use of a larger coil; hence induction coils
capable of giving a 15 or 20-inch spark will enable
work to be done that would be impossible with a
10 or 12-inch coil. The alternative is, of course,
to give longer exposures; but, as has been very
clearly shown in the recent work done on radio-
metallography (discussed later), there are limits
to the penetrating power of any coil, and thus it
would be waste of time for those possessing a small
6-inch spark coil to attempt work with no matter
what exposure, that really requires a 12-inch spark
or more.

Most hospitals are necessarily equipped with
apparatus of sufficient power for all ordinary
routine work ; the advantage of unusually powerful
apparatus lies in the ability it affords one to give
very rapid exposures. This diminishes the chance
of diffusion of the image owing to movement on
the part of the patient, as well as of secondary
radiation, and in some cases lessens the discomfort
of the patient during the exposure,
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The penetration of the tube may be judged by
means of various apparatus, perhaps the most
commonly employed being the Benoist radio-
meter, which consists of twelve sectors of aluminium
of different thicknesses, from 1 to 12 millimetres,
with a central disc of silver foil 0-11 millimetres
thick ; the radiometer is examined with a

Fre. 18, Benoist aluminium radiometer.

fluorescent screen ; one of the aluminium sectors
will appear of the same density as the central
silver disc ; the number of this sector gives the
‘hardness ’ of the tube in Benoist units. Accord-
ing to Kaye, ‘a notion of the discharge potential
across a tube may be got from the very rough
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relation that the voltage is from 6000 to 10,000
times the Benoist reading of the X-rays.’

The Wehnelt radiometer consists of a wedge-
shaped aluminium strip, with a flat silver strip
mounted on one side, and a copper strip on the

Fii. 19. Wehnelt penctrometer.

other containing perforated numbers; examina-
tion with the screen will show what part of the
wedge appears of the same opacity to the rays
as the silver strip, and the number on the copper
strip gives the degree of hardness: 4 to 6 represents
a soft tube, 7 to 9 a medium, and 10 to 12 a hard
tube.
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Platinum foil of varying thicknesses is used in
the Walter radiometer, the thickest foil visible
on examination with a fluorescent screen giving
the hardness.

In the estimation of exposure, however, not
only is the hardness of the tube required, but the
milliampéres passing through it. The hardness
represents the penetration, the milliampére seconds
the quantity of current. Most exposure tables are
given in milliampére seconds, but the zlternative
spark-gap may be used as an indication of hardness.

As a rough indication of exposure, we may
take the following cases, the distance between the
anticathode and the plate being 18 inches, and
the Benoist hardness 6 :

Shoulder . . .75 milliampére-seconds
Skull, taken trans-

versely . . . 140

Thorax .. . . 15 »
Femur . . . 90 ”
Knee-joint . . 60 ’,
Kidney . .. 180 "
Wrist . . .12

b2

(In the two latter cases the hardness should be
4 to 5 only.)

The term ‘milliampére-seconds’ implies the
number of milliampéres passing through the tube
multiplied by the number of seconds exposure.
Thus with 3 milliampéres, in the radiography of
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a knee-joint the exposure would be 20 seconds,
with one milliampére an exposure of 12 seconds
would be given for a hand, and so on.

Much depends on the patient, needless to say ;
thus the slight hand of a woman would require
less exposure than the heavy hand of a mechanic ;
in some American technique, for kidney work,
and thick parts of the body, the patient is weighed,
and a ‘weight factor’ introduced in calculating
the exposure. But as already stated, experience
alone will enable one to deal with successive
cases with certainty. There is some diversity
of opinion, too, as to whether the distance between
the anticathode and the plate should be varied,
and whether the amount of current put through
the tube should be varied ; in the standard outfit
made by the General Electric Company for use in
the United States Army these two factors are
recommended to be kept constant, and Dr.
Coolidge gtves a table of exposures, the tube
being run with a fixed amount of current, and
the distance between anticathode and plate being
always 18 inches. This method of procedure
is not generally looked upon with favour in this
country.

The condition of the tube, the equivalent
spark-gap (p. 19), and the nature of the plate,
with an installation of any given size, therefore
govern the exposure, so far as a body of a given
opacity is concerned. The operator is not faced
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with so many difficulties to-day as he was a few
years ago as regards the tube. Tubes have been
brought to a high state of perfection, comparatively
speaking; they nevertheless require constant care,
attention, and observation.

As a preliminary it may be remarked that far
too little care is taken usually to keep the tubes
clean on the surface. External dust and damp
are reponsible for many of the troubles one

TFra, 20.

meets with; damp or dust will allow current to
stray across the tube instead of passing through
it ; and dust is frequently the cause of the tube
puncturing, <.e., becoming perforated with a
minute hole so that there is no longer a vacuum ;
in these cases the tube is generally ruined. Any
tube that is in use should be kept scrupulously
clean ; it should be carefully wiped over with a
piece of dry linen every day, the metal parts
cleaned and all damp or dust assiduously removed.
The life of a tube can in this way be considerably
lengthened, apart from the more regular working
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that results, and the greater ease of estimating
exposure.

The diagram in Fig. 20 shows the various parts
of an ordinary X-ray tube.

The following are the principal parts:

Anticathode stem.

Supporting tube for anticathode.
Anticathode.

Cathode (negative electrode).
Cathode stem.

Cathode terminal.

Point at which the tube was exhausted.
Anode terminal.

Anode (positive electrode).
Regulating wire arm.

Regulator tube.

SeEXxT 2T akh

The cathode is slightly concave, in order to
provide a means of focussing the stream of cathode
rays upon the anticathode ; the latter is inclined
at an angle of 45 degrees, so that the X-rays
travel along a path perpendicular to BC, to the
fluorescent screen or photographic plate. The
anticathode is usually made of platinum or
tungsten ; it must essentially be of a heavy metal,
in order to generate the maximum of X-rays,
and must have a very high melting-point to with-
stand the intense heat generated by the cathode
stream focussed upon it. Kaye found that the
intensity of the harder rays is roughly proportional
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to the atomic weight of the anticathode. Com-
paring the intensity of the rays with various
metals, when working with a tube at about
25,000 volts, he found that with aluminium
(atomic weight 27) the intensity was about 10,
as against 55 with silver (atomic weight 108)
about 90 with tungsten (atomic weight 184)
and 100 with platinum (atomic weight 195).
While when the potential on the tube was increased
the heavy anticathode became slightly more
efficient, the reverse appeared to be the case when
the anticathode was made of the lighter elements.
Tungsten is the metal chiefly used at the present
time for the anticathode ‘ target.” Various devices
are employed for the cooling of the anticathode.
A copper sleeve welded to the anticathode target
supported by a glass sleeve is frequently used,
and in some tubes the metal sleeve is carried
beyond the tube itself and terminates in some
form of radiator to dissipate the heat. Water
cooling devices are also in use; tests have been
made recently with a Coolidge tube in which
water circulated from the radiator of a Ford car
enabled the tube to be run for twenty-four hours
continuously.

The tube must be in proper working condition
to give the best results, and inverse current, i.e.
current which tends to pass in the wrong direction
through the tube, must be, as far as possible,
suppressed. The interrupter of the coil makes
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and breaks the current in the primary circuit ;
at each make and break a high voltage current
is set up by induction in the secondary, and that
induced in the make is opposite in direction to that
induced at the break ; as explained in Chapter I.
it is the function of the condenser to take up the
current produced at the first instant of the make,
so that it grows in intensity more gradually in
order completely to megnetise the iron core:
at the break, when the current is interrupted,
the condenser discharges its current into the
primary and makes the demagnetisation of the
core much more rapid, resulting in a high induced
current at break, while at make the induced current
is relatively small; the feeble inverse currents
produced, however, naturally pass through the
tube.

If we fix a flat metal dise to one secondary
terminal of the coil, and a piece of wire or pointed
electrode to-the other, and if the disc terminal
be the negative (—) and the other the positive
(+), sparks will travel from the point to the
centre of the disc ; if the disc be at the positive
terminal and the wire at the negative, the
sparks will travel to the outer edge of the disc.
In this way the polarity of the coil can be
ascertained. The anode of the tube must be
attached to the positive terminal of the secondary,
the cathode to the negative terminal. But as
explained above, inverse currents will also pass
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at every make of the primary circuit in the opposite
direction. These may be avoided, or suppressed,
by means of one or more valve tubes, according
to the output of the coil which only admit of
current passing through them in one direction,
or by means of some form of spark-gap which
only allows current to pass readily in one
direction.

Valve tubes are frequently fitted with re-
generators like X-ray tubes, and consist generally
of-a curved disc anode and aluminium or metal
spiral cathode.

A tube connected to the coil, and alternative
spark-gap, with a valve tube one either side of the
tube, is shown in Fig. 12. If two tubes be used
in this way, the vacuum of each should be so
regulated as to be similar, and careful regulation
will be constantly required if the tube itself is to
run sweetly.

An alternative to the use of rectifying valve
tubes can be found in a mechanical collecting
device such as the Sunic rectifier; a revolving
shaft fitted with two or four metallic points turns
between fixed electrodes, which just graze the metal
points and deliver the secondary current to them ;
by the time the inverse current tends to pass, the
collectors have rotated to a point halfway between
the fixed electrodes, and it is thus prevented from
being fed to the tube.

Rectification is of course a simple problem in
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a high tension transformer apparatus, and has
been solved in a highly successful way.

The appearance of an X-ray tube working
normally should be carefully studied ; if too hard
there is an absence near the anode of gas of bluish
appearance ; this blue appearance is accentuated
when the tube is too soft, and a bluish stream
may be seen, of cathode rays, between the cathode
and anticathode. Inverse current shows itself

Tre. 21. Double rectifying valve tube,

as a bluish concentric band from the region of the
cathode to the back of the anticathode support,
while should the tube be wrongly connected with
the coil, i.e. positive terminal to cathode and
negative to anode, the soft green hemisphere oppo-
site the anticathode will be absent, and instead
there will be a bright yellow-green disc of light
opposite, with the upper part of the tube blue
and streakiness generally—the appearance is un-
mistakable,



46 RADIOGRAPHIC TECHNIQUE

Despite the high degree of exhaustion of the tube
(the pressure is reduced to about one millionth of
an atmosphere) the aluminium cathode and also
the anticathode will contain a certain amount of
gas, which is liberated when a new tube is first
run ; but gradually the tube will become harder,
apparently because the gas left in it is gradually
driven into the glass; lead glass shows this
property less than soda glass. Along with the
increased hardness comes a gradual blackening
of the tube, due to the slow disintegration of
the metal of which the anticathode target is
made, and the finely divided particles of metal
distributed on the glass also have an absorbent
action on the gas in the tube and increase the rate
of hardening.

A tube that has become too hard can be softened
by running it for some time with a heavy current
from a large coil. The regulating rod is, of course,
designed- to enable the tube to be softened. A
small amount of current should be run through
the tube at first, with the regulating rod an inch
or so from the cathode terminal; the distance
may be gradually diminished, the rod being fre-
quently pushed back and the tube tested for hard-
ness under normal running conditions. A new
tube, carefully run for not too long periods, and
not given too much current, usually attains a
moderate state of hardness, in which it remains
for a considerable time, The valve tube or tubes
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similarly require occasional regulation by means
of the regulating rod.

The two most important factors for obtaining
sharp definition in radiographs are the sharpness
and immobility of the focal spot of the tube. The
focal spot can be photographed by means of what
is practically a pin-hole camera ; a plate is ex-
posed in a box covered with a sheet of lead per-
forated in the centre with a very small hole ; this
hole, which acts as a lens, forming an image of the
focal spot on the plate, is so placed as to be exactly
opposite the centre of the anticathode, the target
being at an angle of 45 degrees. The photographs
shown in Fig. 22 were obtained by Monsieur H.
Pilon, and show the focal spot with the tube
worked at (1) 35,000, (2) 45,000, (3) 55,000, and
(4) 65,000 volts, and, as will be seen, the dimen-
sions of the spot are only slightly modified ; when,
however, the ampeérage is varied, the size of the
focal spots varies considerably, as seen in Fig. 23,
where in 4 the milliampérage was only a fraction
of that used in taking B. The smaller the focal
spot, the sharper the definition, and hence the
value of the tungsten target so much used in
modern tubes, the melting point of which is
3200 degrees C., so that the concentration of the
energy upon a very small area does not cause
melting of the target.

The result of investigations in the matter indi-
cate that (i), it is an advantage to use tubes of
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as high power as possible, so that the distance
between the tube and the plate may be as great
as possible, and (ii), to give as short exposures as
possible in order to minimise relative displace-
ments of the focal spot. Increasing the distance
of the focal spot from the plate increases the

Fre, 22, Foeal spot photographs, taken with

pin-hole ©camera.’

relative difference between the distance of the
focus from the object to be radiographed and the
distance of the object from the plate, and thus
leads to better definition in the negative.

The sharpness of the radiographic image is
much affected by the distance of the tube from
the plate ; the beam has the shape of a conical
pencil with its apex the focal spot of the anti-
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cathode, or more probably a number of such
pencils emanating from different points, and
hence as the rays strike each edge of the object
obliquely, the photographic image is enlarged,
or spread. This spreading decreases in extent if
the anticathode be further away, since the
distance of the object from the plate remains
the same.

A. Lumiére ! found that differences in the in-
tensity of the current do not appear to have
any appreciable influence on the sharpness of the
image, and confirmed the recognised fact that
the sharpness of definition increases with increasing
distance between anticathode and plate, indi-
cating that diffusion of image is due to the source
of origin of the rays not being a point, but several
points on the anticathode, caused by a shifting
of the cathode stream.

Various methods of technique have been sug-
gested for "different subjects; Laquerriére and
Pierquin 2 describe one for demonstrating the
posterior aspect of the lower end of the humerus,
ete. ; Salmond 3 observes that to avoid gross dis-
tortion of the size of the heart and its great
vessels, the distance of the anticathode and the
plate should be at least 3 feet, and more if it can
be conveniently arranged.

v Journal de Radwologie et & Electricité, Dec. 1918,
2 Journal de Radiologie et &’ Electrologie, Mar. 1919,
8 Archives of Radiology and Electrotherapy, Sept. 1919,
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