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ABSTRACT
Measurements of focal spots of diagnostic x-ray tubes have been made using
the traditional pinhole camera method and also the newer resolution test
pattern technique. The guantities the two methods measure, and the
guitability of each for use in x-ray depariments are discussed and compared.
The effect of measuring position in the x~ray field on the determined focal
spot size is also discussed together with the resulting variation in

> gl

vesolving ability within the field.



MEASUREMENT OF FOCAL SPOTS OF DIAGNOSTIC X-RAY TUBES

TNTRODUCTLION

s theoretical concept. In practice the electrons from the cathode in an
y-ray tube impinge not on a single point but over a finite area of the
anode, the targel area. Because the x~ray bean does not originate therefore
from a point source, images of objects placed in the beam do not have
sharply-defined edges and a penumbra 1s present. The target area can be
made quite small but its minimum Size is limited by the needs to cope with
the substantial heat produced during electron bombardment and for sufficient
radiation outnut for diagnostic purposes. Penumbra effects can be reduced
by increasing the source-to-object distance but this puts even further
demands on the output required. Rotating the anode and inclining the target
area with respect to the image plane has greatly increased the x-ray btube
loading capacities and has brought about a trend to smaller projected target
areas as viewed from the image plane. This projected area is known as the

effective focal spot.

Two causes of blurring in a radiograph are the finite dimensions of the

focal spot and the non~uniform distribution of radiation from the focal

spot. Hence it is desirable to know within certain limits the dimensions and
intensity distribution of the focal spot. Any meagurenent of effective

focal spot size performed in any x-ray installation (i.e., the field
gituation) must not unduly inconvenience the user nor require the dismantling

of x=-ray equipment.

Two main methods of determination of focal spot size are in use. The first
ig a direct method using the traditional pinhole camera technique ag
specified by ICRU(1). The second is by inference from the use of a

regolution test pattern (2,5), e.g., "Siemens Star'.

These two main methods were investigated using the NRL Toshiba DC-12M x-ray
machine with results and discussion given in the following sections. This is
followed by the results and discussion of an investigation into the variation

of focal spot size and resolving ability with position in the x-ray field.

1. PINHOLE CAMERA TECHNIQUE

Congider the basic geometrical representation of the situation as in Flgure

1.
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FICURE 1
The Basic Geometry of the Pinhole Camera.

£ = focal gpot size
d = diameter of pinhole
' = image size of focal spot at focal distance of

width of penumbra and hence is the measure of
ungharpness
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Note that the magnification is
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If £ ig teken simply as %~ then an uncertainty of magnitude (1 +

1

m

)d is
introduced into the evaluation of the size of the focal spot. If great
precigion in f is required then this term must be made small. Hence a
pinhole considerably smaller than the focal spot is used. Satisfying the

following inequation is usually sufficient (4)e

S R .
(1 +5)a € 0.1

A Nuclear Assoclates Inc. x-ray pinhole camera (reputedly manufactured to
ICRU specifications) was mounted horizontally on the x-ray table and the
w-ray beam aligned horizontally through the pinhole using, initially, the
optics of the light beam diaphragm with final adjustments being made using
the fluorescent screen attached to the camera. The horizontal arrangement
gave good flexibility in the choice of experimental factors, such as pinhole
to film distance, as well as the camera being more easily clamped in a rigid

position. The recommended (1) pinhole size of 0.075 mm was used.
Results

The dimensions of the focal spot of the NRL Toshiba's x-ray tube determined
using the pinhole camera are given in Table 1. The Toshiba was set to broad
focus for all measurements. The nominal focal spot dimensions on the broad
setting are 2 mm x 2 mm. From Table 1 it is evident that the focal spot
dimensions change with the tube current - a characterigtic previously discussed
by Bernstein et al. (3), Rao and Soong (11), Mattsson (12), Robingon and
Grimghaw (5), among others.

TARLE 1 - HEffective Focal Spot Dimensions of the NRL Toghiba using the
Pinhole Camera Technique

Effective Focal Spot Dimensions:
Without With
penumbra correction pernumbra correction
| . f=f£'/m f=f/m= (1 +4)4d
kVp mA s m = ﬁ mn K mm mm X mm
100 50 2 x 3 1.87 2.0 % 2.0 1.9 x 1.9
100 2% 2 1.87 2.4 x 2.0 2.5 % 1.9
100 ?x 2 1.3%5 2.5 x 2.7 2.5 x 2.0
100 2 x 2 1.87 2.5 x 2.1 2.4 % 2.0
150 2 x 2 1.87 2.4 x 2.0 2.2 x 1.9
200 2 % 2 1.87 2.5 x 2.0 2.4 % 1.9
70 50 2 x5 1.87 2.5 x 1.9 2.2 x 1.8
100 2x 3 1.87 2.2 x 2.0 2.7 x 1.9
100 2 x5 135 2.4 % 2.1 2.5 x 2.0
150 2 x 3% 1.87 2.4 % 2.0 2.% v 1.9
200 2 x 3 7 1.87 2.4 x 2.0 2.2 x 1.9
300 | 3 x 1 1 1.87 2.4 % 2.0 2.3 % 1.9
90 100 2x 3 1.91 2.2 % 2.0 2.7 x 1.9
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The optical density of the images tended to be lower than the 0.8~1.2
recommended by ICRU. The average optical densgity over an image wag of the
order of 0.4. The focal spot~to~pinhole distance was approximately 300 mm
since the light beam diaphragm was left in place. This meant a gource-~to-
film digtance of almost one metre to gain a magnification of 2. Even though
multiple exposures were used (to avoid exceeding heat ratings of the tube),
the small pinhole together with long distances meant that the amount of
radiation reaching the film was small -~ giving images of low optical dengity.
The actual size of the image was small (less than 4 mm in any direction) and

hence uncertainties in measurement could give large relative errors.

An eyepiece of magnification 10x was used to measure the image dimengions.
Long exposure times were necesgary to obtain a visible focal spot image and
during these care was taken not to exceed the heat ratings of the x-ray tube.
Most images therefore involved multiple exposures.

Physical errors of meagurement amounted to about 6%. The error in

magnification, m = %3 wag of the order of 1% (p was obtained using
triangulation of two holeg elther side of the pimh@le), and the image size,

ft, was of the order of *%. Pinhole diameter, d, is given as 0.075 4+ 0.005

mn (7%) by Wuclear Associates.

The penumbra correction assumes an ability to define and measure all the
penumbra. This is not the case since the intensity of radiation in this
region is decreasing towards its extremities. The proportion of the penumbra
that is included in the measurement involves some uncertainty. Kuntke (4)

suggests that a correction of half the theoretical correction be used, i.e.,

.11 1 1
= (1 + ﬁ)d.

Tt ig to be noted that the pinhole technique provides a radiograph of the
focal spot and hence a visual guide to the intensity distribution of the spot.
This guide can be further developed by the use of a microdengitometer scan of

the image.

2. STAR TEST PATTERNG

The following is a brief digoussion of focal spot meagsurements from test
patterns. A more comprehengive account can be found in (2);

Congider the situation in Pigure 2. A focal spot of dimension f with
uniform intensity distribution irradiates two radiation~opaque strips

(abﬁorbemg) of width x and sgeparated by distance X.
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FIGURE 2
GEOMETRY OF A STAR TEST PATTERN.

Let m = 2
&
and M = m+ 1,
then M = = + 1
a
[T S
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The penumbra of the two absorbers interacts and erases the image of the gap
when the magnified image of the gap equals the penumbra of the absorbers.

Thig situation is illustrated in Figure 2.

Hence CD = AB.
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