
A METHOD OF TESTING AN X-RAY TUBa  FOR 
DEFINITION. 

BY J. HROOKSBANK, B.Sc., A.R.C.S. 

A radiograph of a body may IIC regarded a b  ;I repre3entation of the 
sbaclows prodclced by those parts which are, to any degree, opaque to 
the X-rays. The depth of shadow formed by any plarticular portion is 
dletermined by the extenlt of its absorption of the rays. With an X-ray 
tube the sou'rce of the rays is i n  the nleighbourhood of the " focal spot," 
from which the rays emanate in straight lines; each small area of 
the spolt being th'e source of a particular stream od rays. 

The  sharpness of the shadows produaed on tbe radiograph depends 
on the nlature of the focal spot; for inlshan80e, if it were a point source, 
perfectly sharp shadows would be produced for all  posiltion's of the 
tube, body under examination, and photographic plate. Here, of course, 
the effects of secmdlary radiation have been left out of account. In 
practice the spot always occupies a certain area of the targelt and 
consequently 'the " lack od definition," ithat is, the departure from 
perfect sharpness of shadow, depends on the size of the spolt and also 
on the distribution of intensities over its area. 

Some work might require an X-ray tube with good definition, as, 
for example, in eye localisation; for other wolrk, only a fair definition 
would be quite satisfactory. The  life of 'the target is generally longer 
witih larger spots, hence in this latter case (a tube with goold definition 
would be wasteful anid unnecessary. For  instance, in metal examina- 
tion i t  would be little use selecting a tube with very fine focus, for 
the effects of seclondary radiation would mask any extreme sharpness 
of shadow produced on the radiograph. 'Therefore, inl choosing an 
X-ray tube i t  would be wise to take into consideration the definition 
of Ithe tube, and for this purpose the folllolwinlg methods might be used. 

Simple Methods o f  /Jeterwzining Size of FocaZ Spot. 

The size of the focal spot is a very good guide tlo tihe definition 
wh,i,ch a tube will give. Visual observation olf the spot while the (tube 
is running afTords one means of determining ilts size. Wicth gas tubes, 
hwIever ,  this m8ethold, though possible, is ratther troublesome on account 
of the indefinite boundary of some spots, and also the fluorescenae on 
hhe walls 04 tbe tubes. It'ith ho\t cathodle tubes the m,ethod is almlost 
impossible, as the white light from the catholde masks the illumination 
od the spot. A new Coolidge tube often has a pitted target and the 
size of the pitted area roughly indicates the size of the spot. However, 
some other methad of determining the definition is necessary in tlhe 
case of hot cathode tubes, and with gas tubes .L simple method would 
be useful. 

Dr. Coolidge used the pin-hole mothold of obtaining a radiograph 
of the spot, on which the size of the spot oould be measured. The  
objections to this method are that if the spot is diffuse, it might be 
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J. BROOKSBANK 

dificult to decide its measureimen,ts. Then again, in the spolt, there 
might be one obr more cent,res of radiation, the effect of which, on the 
dbefin,itilon of Ithe tube, should be taken into account. 

Rough Method b y  the use of a W i r e  Gauze. 

An, idea of the definlition of a tube can be olbtained by taking a 
radiograph of a wire gauze of fine mesh (about 45 per inch). As uhe 
definlitian abtmiinied derpends on the distance of the photographic paate 
frolm Itbe tube, ,a fixed distance (may be considered, say 50 cms. Suppose 
the gauze ns p,laced alt a distance od 15 cms. from the platse, and parallel 
to i t ,  a d  that raidiolgriaphrs af the gauze a re  oibtainieid ivntih diffe,remrt tubes, 
eiach tube be?nig centred in the usunl way. The radiagrwh pmduced 
with one tube might fail (to show the gauze, whereas it imlight be quite 
distinct with auather tube. As a result we could say that the definiition 
of the latter is much better than that of the formeir, although nothing 
could be decided as to whether the former would satisfy requirements. 
T h e  disadvantages of usinlg a gauze are twofiold. Firstly, on accounlt 
of the irregular spacing of the wires, at  onle part of the nlegative the 
gauze might be distinct whiist at anothar part there might be only a 
sugge,stion od it. Secondly, with an ellilpitical focal siploit the wires in one 
direction might be distinlct and those a t  right angles not. Inl some 
experiments carried out on these lines a reversal effect was occasionally 
produced on the negative. Instead of obtaining lines of little exposure 
representing the wires with heavily exposed interspaces, as one would 
expect, the opposite result was noticed. 

Suggested Met?iod by t?ie use of Two Wires. 

In  view of these difficulbies it was found more satisfactoay to 
em,ploy two uniform parallel wires, of a given thickness and placed a 
definlite distance apart. Maintaining the distance between the tube and 
photographic plate at 5 0  cms., a series of radilographs of the wires was 
taken, gradually increasing the distalnce of the wires fro’m the plate. 
The  orienitatioln of the wires was always in the direction a t  right angles 
to the line joining the centres of the cathode and target, and parallel 
to the pbotagraphic plate, both beinlg vertically belox the target of the 
tu,be. As the distance from the plate increased, the wires became less 
and less distinct oln the radiograph unitil fin.ally, a,t a cnitical position, 
they could not be distinguished. This critical positicon it will be seen 
from the fodlowing may be taken as a measure od the (( definition of 
the tube.” 

ExaminatioTz of the L‘Shadows ” Produced. 

( I )  Line Sotirce with a single wire. 
In  the case of a uniform source it can easily be shown how this 

critical polsition is realised. 
Cansilder, first of all ,  a uniform line source of length (‘ S,” a t  

right angles t o  a single wire (Fi,g. I ) .  The  in , ta ,s i ty  curve along 
ABCD may be deduced as follows. Takinlg into account the rays to 
the left od the wire only, the intensity at  A is a mlaximuxn, and from 
A to C falls steadily until ,at C its value is zero. Similarly, considering 
the rays to the right of (the wire, we get a straight line curve repre- 
s c n t h g  the intensity, with the maximum value at  D and ‘the zero value 
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68 A METHOD OF TESTING ,4N X-RAY TUBE 

at  B. By superposing the two iii,~ensity curves, u c  ariive dt the actual 
curve along ABCD. 

Thus we see that the intensity falls stcadill from A to 13 (Fig.  i b ) ,  
from I3 to C the intensity is constaiit, and from C the intensity steadily 
increases to its maximurn value at  L). In  the diagrams the component 
parts of the curve are shown in dotted lines and the resultant curve in 
thick linles. The  intensity curve a,lolng A'B'C' is shown in Fig.  la. 
111 this position the intensity falls from the maximum at A' to zero at  
C', a t  which point we just touch the extremity of the umbra, and then 
rises to the maximum value at D'. This latter position is a definitc 
m e ,  and, other conlditions being fixed, such as the diameter of the 
wire and its distance from tlhe source, depends on the length of the 
source. This method might be used to determine the size of the spot, 
but it would be difficult to realise on the negative when this position 
haid been reachled, fo'r positioix juslt aibovc o,r just hedow this would 
prlesent almost the  sa'me appearance. 

With a slit instead olf a single wire, tbe dificullties o f  determining 
a definite position would be even greater. 

( 2 )  Line S o w c e  with two wiyes. 

Now consider the case of two equal and uniform parallel wires at 
right angles to the uniiorm line source. It will be seen from Fig. 2 

that the intensity curve at  any position is obtained by superposing the 
effects produced by the two single wires; Figs. 2a and 2b, 2c and 2d 
represent the intensity curves a t  positions markeld a, b, c and d respec- 
tively in Fig. 2, and show the changes introduced by increasing the 
distance between the wires and the photographic plate. At the position 
" a," represented by Fig.  2a, a deep shadow of each wire is obtained, 
tbhese being separated by a strip of maximum intensity. In  position " b," 
Fig. 2b, there is a broadelr shadow of each wire, the separatin'g strip 
now being less intense than in Fig. 2a. In  this position the two wires 
would still be easily distinguished although less distinct than in Fig. 2a. 
Fig.  2c sholws that in position " c," which is the critical position for a 
uniform line source the two wires can no longer be distinguished. From 
this position, knowing the other dimensions, the length of the sourst! 

may be calculated from the formula s=  

where S=length of source; 

(w + d) T 
L 

w =  space between the two parallel wireis ; 
d=diarneter of each wire; 
T =distance of source from plate at  the critical position. 
L=distanice of wires from plate at  the critical position. 

Passing through the critical position " c," the intensity curve a t  positioii 
" d '' shows that the shadow of each wire would helre be separated by 
a strip of less in~tsnsity than the shadows, that is, on the negative the 
separating strip would be less exposed than the shadows. I t  will be 
noticed that as the distance between the n-ires and the plate increases, 
the depth of the shadows of the wires decreases. The  change may 
easily be demonstrated by the use of two pin's and a Nernst filament 
lamp, and if photogra#phs were taken at the various stages, it would be 
quite easy to initerpret the results on the negative. -4 graphical attempt 
to show the shadows is reproduced in Fig.  I and Fig.  2, which again 
ail1 help to indicate the in,tcnsities at the chosen positions. 
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Brooksbank --I 

FIG. 1. 

 MAX^, 

FIG. la. 

ZERO. 

M A X h l .  

FIG. i b .  

ZERO. 

RADIOGRAPHIC SHADOWS OF A SINGLE WIRE 
PRODUCED BY A LINE SOURCE OF X-RAYS. 

SOURCE OF 
X-RAYS. 

WIRE. 

PHOTO- 
GRAPHIC 

PLATE. 

FIG, 1 SHOWS THE U M B R A  A N D  PENIJRIBRA. 

FIGS. la A N D  l h  SHOW TIIE INTENSITY OF ILLUMINATION 
ON A PHOTOGRAPHIC PLATE PLACED AT A'D' A N D  AD 

IN FIG. 1. 
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Brooksbank .--2 

S O U R C E  OF 
X-RAYS. 

F I G .  2. 

P kl o’r 0 - 
G K APIIlC 

PLATE. 

/riTEH5lTY OF RADIATION OF THE SHADOW 
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Btooksbank .-3 

RADIOGRAPHIC S H A ~ O W ~  OF TWO PARALLEL 
WIRE5 PRODUCED By A LINE SOURCE O F X R A Y S .  

w AX! 
r 
clr 
t 
t TIC. 2 a. IJ 

';= 
ZERO ' 

vIGS.2a, Zb, 2 C ,  zd SHOW THE \NTENSllY OF lLLUM!NATlON' 

ON h PHOTOGRAPHIC PLATE PLACED AT POSITIONS a,b,c.d Ifl FIG. 2. 
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RAOIOGRAPHIC S H ~ D O W S  OF WIRES. 

S I ~ G L E  W~RE 
PRODUCED B Y  A CIRCULAR SOURCE OF x RAYS. 

TWO PARALLEL WIRE5 

W I- 

- -i! ZERO z 

6G5. 54 5 b, 5c ,5d  CORRESPOMO WITH POSITIONS a,b,cd, IN f iG.2.  
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FOR DEFINITIOK : J. BROOKSBANK 69 

Although for simplicity a line source has hcen assumed, the same 
results would be obtained if the source were rectangular,  i . e . ,  extended 
laterally parallel to the wires. 

( 3 )  Circular Source niith siug'lc wire. 
As a nearer approximation to the condition of the focal spot of an 

X-nay tube, let  us now consider a circular source, over which the 
intensity of radia,tion is uniform. T h e  shadow intensities obtained in  
the previolus case may be mo'dified to suit a circular source. Take  the 
case of a single wire. Instead of the intensity from A to C (Fig.  I )  

fallin,g steadily, the intenlsity curve now takes the farm shown in Fig.  3. 
T h e  intensities are calculated fo'r a circle of unlit radius. As a result 
the intensity curve along ABCD (Fig.  I )  now has the form shown 
approximately in Fig.  4. I t  will be noticed that the points A, B, C, 
and D are not as sharply defined as  in the case of a line source. 
( 4 )  Circular Source with two wires. 

I n  the case of the two parallel wires, the same positions as  in 
Fig. z have been choeen, and are  represented in Fig.  5 (a ,  b, c, d) .  
Similar reSults are  obtained, but with slight modifications. Fo r  instance, 
in Fig.  gc, which corresponlds to the critical position with a line source, 
the two wires would now be distlnguishable, the shadows b e h g  separated 
by a strip of greater intensity than that o'f the shadows. I n  Fig.  Sd, 
the two shadows would appear to be separated by a strip of less intensity 
than the shadows themselves. Here we have an explanation of the 
peculiar reversal effect that was obtained in somle of the radiograpbs 
of the wire gauze mentioned previously, for in this case the wires must 
have been much further away from the plate than a t  the critical position. 

I t  will be noticed that with a circular sourc'e thie various stages axe 
not a s  clearly defined as in the case of a l ine source, and that the 
critical position would be more difficubt to decide upon. T h e  position 
where the two wires fail  to be distinguished would lie between the 
places represented by Fig.  5c antd Fig.  5d. In  practice i t  was found 
that this position can be obtained to within two or three centimetres 
in twenty, the distance of the tube from the plate being j o  crns. If 
the size of the spot were calculated from the formula given previously, 
the value obtained would be smlaller than the actual o r  effective length 
of the spot in a direction a t  right angles to the wires. Th i s  meithod 
takes into account the effective length of the spot, and evades the 
difficulties met with in the other methods. Thus  we can say that the 
position of khe wires with respect to the tube and photographic plate 
a t  which they cannot be distinguished on the radiograph is a measure 
of the (' definition " that  the particular tube will give. 

Wi th  X-rays diffrautioa difficulties are  absent and the fact that  the 
edges of the wires are  more transparent to the says than the thicker 
parts does not seem to be detrimental to the methold. 

Practical A fipZication of the Method. 

I n  using this method in the testing of tubes, the following procedure 
will be found useful. First ,  select a tube which gives the definition 
demanded by the particular type of work for which the tube is to be 
used. Fo r  the test the distance between the tube a n d  the ,photographic 
plate might be fixed a t  50 crns., the wires being . 5  mm. thick and  I mm. 
apart. T h e  tubes should be run with a fixed energy input, say, a t  j 
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7 0  A METHOD OF TmTING AN X-RAY TUBE 

milliampeires and 12 cms. hardness. Under these conditions finld by trial 
the critical position for the wires wilth the selected tube. Put the wires 
att a slightly greater distance from the plate than' that represented by 
the critical position, and [take radiographs with the tubes under test, 
each tube being centred in the usual way. If the wires can be distin- 
guished and the two shadows are separateld by a strip of greater 
initensity than, the shadtom, the tube satisfies the requirements ; if other- 
wise, the definition is not sufficiently good. Radiographls of the wires 
a t  me or two positions nearer the plate than the critical polsition would 
help in the decision. The radiographs require only a few seconds 
expmure, and each expasure need not occupy more than a few square 
ceutirnetres of the negartive. Moreover, the definition can be decided at 
a glanae, althouglh some tubes show the stages in a more miarked degree 
than others, depending on the distribution olf the intensity of radiation 
over the spot. I t  is generally sufficient to test the tube with the wires 
a t  right angles to the line join,ing the target anld cathode, which polsition 
shows the definition at  its worst, although the examinlation would be 
more com4plete if the tests were also carried out with the wires a t  
right angles to this position. The definition in this latter position is 
much better than in the former. 

Varioiis methods of fixing the mires will suggest themselves. I t  
is, of course, essenitial that the two wires are of uniform thickness and 
parallel, and that, after adjustment, there is no possibility of their 
relative position changing. 

T h e  method has alrea,dy been put to practical use by Major C. E. S. 
Phillips, Officer-in-Charge, War Office X-Ray Labomtory, for the testing 
of tubes, and it is hoped will be found useful to purchasers of X-rav 
tubes, especially to those who handle them in large quantities. 
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