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The three radiographs reproduced on the next page were all made with the same tube load. 

The upper one was obtained without grid while the lower one was made with a grid and 
at the same tube voltage, but with a four times longer exposure time (bucky factor 4). 

The middle one was made with the same grid and with the same exposure time as the one 
made without grid; here the bucky factor is compensated by an increase of the tube voltage. 
Result: a great gain in exposure time and dose reduction compared with the lower radio
graph, at the cost of only a slight loss of information. Cf. section 7.3. 
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ROOSTERS 

ter vermindering van strooistraling bij medische rontgenopnamen 

Samenvatting 

Dit proefschrift omvat de resultaten van een studie betreffende de strooi
stralenroosters, die gebruikt worden bij het maken van medische rontgen
opnamen. Deze roosters dienen ter verbetering van het contrast, dat nadelig 
beYnvloed wordt door !>trooistralen die tijdens de opname in het bestraalde 
object worden opgewekt. T erwijl de primaire straling van de rontgenbuis een 
projectief schaduwbeeld op de film teweeg brengt tengevolge van absorptie
verschillen in het object, veroorzaken de diffuse strooistralen een sluier die de 
contrasten vermindert, vooral bij dikke objecten en een wijde stralenbundel. 

De verbetering van het contrast wordt bereikt door selectieve absorptie van 
de strooistraling met behulp van een samenstel van dunne, op het focus van 
de rontgenbuis gerichte loodstrippen die de primaire stralen grotendeels door
laten doch de strooistralen in sterke mate absorberen. 

Een uitvoerige studie van de vele verschillende roostertypen onder wijd uiteen
lopende opnamecondities kon eerst worden uitgevoerd door toepassing van een 
electronische meetmethode in combinatie met een waterfantoom. Op deze wijze 
kon zonder stralingsrisico's een zeer grote hoeveelheid meetgegevens worden 
verkregen. Daardoor zijn wetmatigheden aan het licht gekomen die de basis 
hebben gevormd voor een rationele specificatie van de roostereigenschappen, 
gericht op een doelmatige keuze, uit de beschikbare roostertypen, voor de ver
schillende toepassingsgebieden. 

Hierbij worden twee nieuwe specificatiegrootheden geYntroduceerd: de con
trastverbeteringsfactor en de focus-rooster afstandsgrenzen. 

Allereerst worden de meetmethode, de meetopstelling en de meetapparatuur 
beschreven. V oorts wordt een methode aangegeven om de meetinrichting te 
controleren, teneinde de vergelijkbaarheid van de in verschillende laboratoria 
bij roostermetingen verkregen resultaten te kunnen verzekeren (hoofdstukken 
1 tim 3). 

Vervolgens wordt de contrastverbetering berekend als functie van eigen
schappen van het rooster en de contrastverbeteringsfactor gedefinieerd. Het 
resultaat van metingen van deze laatste wordt bediscussieerd en vergeleken met 
dat van andere waarderingsfactoroo. De grootte van de contrastverbeterings
factor, gemeten onder gestandaardiseerde opnamecondities, blijkt ook onder 
andere, sterk uiteenlopende praktijkomstandigheden representatief te zijn voor 
vergelijking van het contrastverbeterende vermogen van roosters. 



De nadruk wordt gelegd op de betrekkelijke waarde van de verhouding van 
hoogte en afstand van de loodstrippen, de "ratio", tot nu toe de meest ge
bruikte maatstaf voor de doeltreffendheid van strooistralenroosters (hoofd
stuk 4). 

In hoofdstuk 5 wordt de invloed van de physische en geometrische kenmerken 
van de roosters op het contrastverbeterende vermogen ervan geanalyseerd. Hier- , 
bij wordt gewezen op de grote waarde van het loodgehalte en wordt het begrip 
"lichte" en "zware" roosters ingevoerd. 

Belangrijk voor de keuze van een rooster voor een bepaald toepassingsgebied 
is de mate waarin de plaats van het focus mag afwijken van de juiste cen
trering ten opzichte van het rooster. Hiertoe wordt het begrip focus-rooster 
afstandsgrenzen ingevoerd en gedefinieerd. Een grafische methode voor 
het gemakkelijk bepalen van deze grenzen wordt beschreven (hoofdstuk 6). 

Ter opheffing van de bestaande onzekerbeid op het gebied van de aanwijzin
gen in belichtingstabellen inzake het gebruik van strooistralenroosters wordt 
voorgesteld deze gegevens steeds op het gebruik van lichte roosters te baseren; 
met zwaardere roosters kan dan, zonder veel contrastverlies, in plaats van een 
langere belichtingstijd een hogere spanning gekozen worden. Deze spannings
verhoging kan, als functie van de contrastverbeteringsfactor van het betrokken 
rooster, in een grafiek worden afgelezen (hoofdstuk 7). 

In hoofdstuk 8 wordt speciale aandacht gewijd aan de opnametechniek met 
relatief hoge spanningen, terwijl in hoofdstuk 9 de beperkingen worden be
sproken van de geldigheid van de ontwikkelde theorien. 

Vervolgens wordt de invloed van het gebruik van strooistralenroosters op 
de aan de patient toegediende bestralingsdosis behandeld, en op de integraal 
geabsorbeerde dosis. In plaats van deze laatstgenoemde dosis wordt de, beter 
meetbare, ingestraalde energie in verband gebracht met de contrast-verbetering 
en de buisspanning bij gelijke filmzwarting en buisbelasting (hoofdstuk 10). 

Ais resultaat van al deze beschouwingen worden in hoofdstuk 11 regels gege
ven voor de keuze van roosters voor verschillende toepassingsgebieden. 

Tenslotte worden de eigenschappen besproken van roosters van afwijkende 
constructie: kruisroosters en roosters met andere dan de meest gebruikte con
structiematerialen, zoals wolfraam en uranium inplaats van Iood en alumi
nium inplaats van organische tussenstof (hoofdstukken 12, 13 en 14). 

In hoofdstuk 15 worden de aanbevelingen van de International Commission 
on Radiological Units and Measurements vermeld terzake van de op de roosters 
aan te geven specificatiewaarden en voor de verder in drukwerk te vermelden 
informatie. Deze aanbevelingen, evenals de aanbevolen meetmethode, sluiten 
geheel aan op de inhoud van dit proefschritt. 
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Abstract 
This thesis is based on a study concerning the relation between the 

constructional properties of X-ray grids and their contrast improving 
capacity. 

Measurements of a number of grids of different construction, under 
various exposure conditions, by means of an electronic measuring equip
ment and a water phantom are described and discussed. 

The importance of the lead content is stressed and two new specifica
tion values are introduced: the focus-grid distance limits and the contrast 
improvement factor, which enable a rational choice of grids for various 
fields of application. 

A proposition is given for standardization of exposure tables, as far as 
indications for the use of grids is concerned, based on the contrast im
provement factor. 

The compensation of the increase of exposure times and doses due to 
the use of grids, by an increase of the voltage across the X-ray tube, is 
quantitatively analysed. 

1. INTRODUCTION 

Before dealing with the physical and radiographical properties of the grids 
used in medical practice, it may be considered useful to give some general 
information on radiography (X-ray photography) as such. 

The contrasts in the X-ray image are due to absorption differences of the 
primary radiation emitted by the X-ray tube within various parts of the ir
radiated body, tissue or bone structure, and any foreign bodies or intentionally 
introduced contrast substances. 

This primary radiation propagates rectilinearly without any appreciable 
deflection, thus producing a central projective image on an X-ray sensitive 
receiver such as a photographic film, a fluorescent screen or an image in
tensifier. 

Most generally, a medical radiographic image is obtained on an X-ray film 
by the fluorescent light emitted by two calcium tungstate screens when they 
are irradiated by X-rays. These so-called intensifying screens are tightly pressed 
into a cassette against the film, both sides of which are coated with a photo
chemical emulsion. 

The perceptibility of the shadow image so obtained is, however, to a greater 
or lesser extent reduced by the scattered radiation generated in the irradiated 
parts of the object and emitted in all directions. Consequently the film image is 
covered by a fog due to obliquely incident X-rays, fig. 1, thus decreasing the 
contrast of the radiograph *). 

With a thick object and a wide X-ray beam the intensity of this scatter will 
be a multiple of that of the primary radiation (e.g. 4 to 5 times) and so the 
image may be unacceptably spoiled. 

*) The expressions printed in italics are mentioned in the list of preferred terms and symbols 
at the end of this thesis, pages 80 to 83, according to the recommendations of the Inter
national Commission on Radiological Units and Measurements (ICRU) in their Report 
1 of 1962, chapter III. 
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Fig. 1. Diagrammatic representation of X-ray scatter in radiography. 

The expression "secondary radiation", often used, is not adequate 
because on the one hand it includes fluorescent radiation which plays no 
role in forming the X-ray image, while on the other it does not include 
all scattered radiation such as tertiary X -rays, etc., which are sometimes not 
negligible. 

In 1913 Bucky 3) invented a device for selective absorption of the scattered 
radiation emerging in all directions from the irradiated object *). It was a 
wafer-shaped lead grid, placed between the object and the film cassette and was 
composed of vertical lead strips in a perpendicularly crossed pattern. The 
contrast was improved but a shadow representing the image of the lead grid 
was disturbingly visible in the film image. 

A few years later, 1920, Potter 22) improved this device considerably by 
using uni-directional parallel lead strips and by moving such a grid during 
exposure in a sense perpendicular to the direction of the lead strips and that 
of the X-ray beam, thus obtaining a more or less adequate fading of the 
shadows of the strips **). 

The names of these inventors have been connected in various and 
hence confusing ways with the grids themselves and with the casing with 
movement mechanism for same. A combination of their names, Potter
Bucky, is sometimes even used for a stationary grid without any moving 
device. 

*) The names of authors are mentioned in alphabetical order in the literature reference list 
at the end of this thesis, pages 77 to 79. 

**) The history of the development of X-ray grids, including an extensive list ofliterature 
references has been compiled in 1955 by Mattsson 14). 
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The International Commission on Radiological Units and Measure
ments (ICRU) in their Report lOf 1962, chapter III issued Aug. 1963, 
has now recommended a list of preferred terms (see page 80 to 83) 
which eliminates such confusions 11). 

The grid itself should be called rontgen grid, X-ray grid or scattered ray 
grid. When it is obvious that the radiographic accessory is meant, as is the 
case e.g. in this thesis, the word grid alone will be used. The casing with 
movement mechanism should be called Potter-Bucky, but the name of 
Bucky alone is so commonly connected with this device that, although 
this is not so reasonable, simply the word bucky is recommended as well. 
The word diaphragm, often used for either the grid or the casing, shall be 
dropped in order to avoid confusion and because it is used for "primary" 
diaphragms etc. (devices to limit or collimate the primary beam, often 
located close to the X-ray tube). 

Since Bucky and Potter made their inventions, the importance of the use of 
grids has steadily grown. The more the X-ray image was improved by per
fection of other accessories - such as films, intensifying screens and the X-ray 
tubes themselves - the more important the selective absorption of the scatter
ed radiation became. This spoiled the contrast and in consequence the detail 
perceptibility as well. 

Whilst in the course of time, the image improving characteristics of those 
other accessories were indicated and specified in a useful way - so that the 
users can choose the most suitable type for each field of practical application 

grids have lagged seriously behind in this respect. 
A study conducted by the author with his co-workers (1958-1963) has led to 

the establishing of rules which can bring about an improvement in this situ
ation. For a great part the results have already been published, Bonenkamp and 
Hondius Boldingh 7-10) and have formed a basis for the activities of the sub
committee IVA of the ICRU resulting in recommendations in the ICRU 
Report 10£ 1962, chapter III, already mentioned. 

This thesis gives a systematic survey of what has been published so far, with 
various additions; it can serve, furthermore, to elucidate the recommendations. 
Those publications have, however, covered a period of some four years; in this 
time the stress of importance has ~hifted among several chapters. This is also 
due to intensive exchanges of opinion with co-members of ICRU. Reviewing 
the whole series a more rational and comprehensive entirety could be obtained 
by changing the sequence of the various parts. 



2. MEASURING METHOD 

When in radiological practice one wants to compare two grids, the most 
obvious method is to make medical test exposures in order to determine visual
ly whether diagnostically important details can be observed better with one 
grid than with the other. 

For decades this subjective, qualitative method has been the usual criterion 
for the "quality" of X-ray grids. It is true that fQost of the manufacturers of 
grids had more objective methods for comparing their own grid types, one with 
another, and with those of other manufacturers. This was and still is carried 
out more or less quantitatively, but the data so obtained were not suitable for 
informing the users, because their relation with the radiographic effect being 
too complex. Consequently such data can not serve as a practical yardstick. 

As long as only a few, slightly differing grid-types were available, this situ
ation, although unsatisfactory, caused no special difficulties. According to more 
differentiation, as result of the production of more deviating types, it became, 
however, more and more difficult for the user to form an adequate judgement of 
the various grid types and their adequacy for various fields of medical applica
tion. 

This is the more so since only a few constructional grid parameters are indi
cated by the manufacturers, whilst generally speaking, among them as well as 
among the users of their products, insight concerning the inter-relation of these 
data with the contrast improving capacity of the grids was still and may be 
lacking. 

Moreover it is intolerable in medical practice to make a sufficiently large 
quantity of radiographs, as required for a more or less systematic insight into 
the contrast improving capacity of the grids under the manifold varying ex
posure conditions, whereby apart from individual differences in the medical 
objects an important role is played by the voltage across the X-ray tube, the 
object thickness and the width of the X-ray beam. 

In 1921-'22 Wilsey 35,36,37) published a first extensive study of scattered 
radiation, its influence on radiographs and the effect of grids. He made use of 
a water phantom, an easily reproducible object for simulating the physically 
difficult to define parts of the human body. However much such a phantom may 
differ from radiographic objects in medical practice, it is the only adequate 
means for carrying out an unrestricted quantity of acceptably comparable 
measurements without radiation hazards to human beings. 

An objection to the method employed by Wilsey, and for decades after him 
by many others, Seemann, 1955 28) and Stanford and co-workers, 1959 29), 

is that photographic measurements were applied. The disadvantage here is that 
extensive precautions have to be taken continuously during the film processing 
in order to obtain reproducible results; this consumes much time, whilst com-
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parison of the results achieved hy various laboratories is practically impossible. 
The scattered radiation of very low intensity, such as transmitted by a very 

efficient grid, could be measured by means of an ionization chamber but this 
instrument does not give results that are linearly related to the photographic 
effect. Moreover so many precautions have to be taken that a general appli
cation of this method has never been realized on any appreciable scale. 

It was not until 1953 that electronic measuring methods, meanwhile developed 
to high perfection, were employed in the measurement of scattered X-ra}s in 
connection with the use of grids, Nemet and co-workers Ill). 

With this technique the luminance of a small fluorescent screen of calcium 
tungstate - corresponding to the intensifying screens used in radiography -
is measured with the aid of a photomultiplier tube. 

Extensive measurements have shown that the output current of this tube is 
linearly related to the intensity of the light emitted by the intensifying screens; 
moreover it is this light (not the X-radiation itself) that determines the film 
blackening. Within limits which will be discussed later (chapter 9) it represents 
a linear measure for the film blackening. 

The light intensity caused by the X-rays falling onto the grid will be indicated 
by the symboll, that which is caused by the X-rays passed through the grid by 
the symbol r *). Both are relative values, which are only usable by virtue 
of their mutual proportions. 

The great importance of the electronic method, combined with the water 
phantom, is that it provides a large quantity of accurate data which are repro
ducible and therefore comparable all over the world. 

This method enabled the author and his co-workers to carry out a systematic 
study of numerous grids of various designs, under a great variety of exposure 
conditions. This study has resulted in an insight into the relations between 
various constructional and physical properties of these grids and their contrast 
improving capacities and in rules for' establishing quantitative specification 
data which are in a simple and close ,correspondence with medical practice, 
thus facilitating the choice of grids for various fields of medical application. 

For check purposes, an exception to the electronic method was made with the 
measurements of the relation between the voltage across the X-ray tube and the 
tube current required for obtaining a film blackening 1·0 (further described in 
section 7.2); here the photographic method was employed. 

*) The symbols described in the text are repeated in alphabetic order in a list at the end of this 
thesis, page 84. 



3. MEASURING EQUIPMENT 

3.1. Phantom 

The measuring equipment used is shown in fig. 2. 
A water phantom having an area of 30 x 30 cm2 was used, with thicknesses 

of 10, 20 and 30 cm respectively. The watercontainer was made of plexiglass, a 
material which contains no heavy elements such as sulphur or chlorine. The 
thickness of the bottom was I cm. The tube focus was placed 100 cm above the 
grid, the latter being located 2 em underneath the bottom of the container. 
The diameter of the circular X-ray beam measured on the surface of the grid was 
36 cm. 

E 

_----------Lead dltOphrasgm,s".mm Pb 
oper ure em,. 

r ______ lsad shield, Smm Pb 
/ max.Scm" 

/ 

!d~~--"-Grid 
tmf~ ____ Leoogfoss,5mmPb equiY. 

I (!).I-__ or lightpipe device 
.... --- - ---Photo tube 

30x30cm ----. - ----Leadshieid 
~_m 36 Ii 

Fig. 2. Set-up for measuring scattered and total radiation. 

3.2. X-ray source 

As the measurements had to cover the voltage range from 50 to 200 kV a 
special therapy X-ray tube with metal radiation chamber and a glass window 
was used, having an inherent plus added filtration equivalent to approx. 
2 mm Al at 60 kV, 4 mm Al at 100 kV and 6 mm Al at 200 kV. 

Due to adequate smoothing condensers the high voltage applied to the tube 
had a ripple of less than 10%. This d.c. constant potential was chosen in order 
to avoid discrepancies due to a varying voltage wave form. 
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A therapy generator of low current output could be used as only small tube 
currents were required for the measurements. 

The voltage values 50, 60, 80, 100, 130 and 200 kY, were adjusted with an 
accuracy of 2 % and kept constant during the measurements with an accuracy of 
1%. 

3.3. Radiation detector 

The fluorescent detector screen having a diameter of 20 mm was placed under
neath the centre of the grid. It concurred with the calcium tungstate "medium 
speed" intensifying "back" screens, commonly used in radiography (70-90 
mgJcm2). Due to the small radiation detection area, grids with various focusing 
distance could be measured with a uniform focus-grid distance of 100 cm. 

For measuring the luminance an RCA 931A photomultiplier tube was used; 
it yielded more than 20 ampere per lumen, and had a maximum spectral sensi
tivity in the region of the greatest light output from the calcium tungstate screen. 
The anode voltage of the photomultiplier tube was supplied from a Philips 
high voltage supply unit, type PW4024, which reduces mains fluctuations by a 
factor > 200 so that with fluctuations of 10 % the constancy of the anode 
voltage is still within 0·05 %. 

Special measures were taken to shield off the phototube from unwanted 
radiation; one of them was by placing a lead glass plate between detection screen 
and phototube. 

The output current of the phototube was measured by a Philips microvolt
meter, type OM 6020, having an input resistance Ri = 1 MQ. This current 
consists of the signal current is to be measured, and the unavoidable "dark 
current" id which is independent of the signal. This dark current, which is rather 
constant with a stabilized anode voltage, is eliminated by a compensation device 
shown in the wiring diagram fig. 3 at the point where R23 is to be adjusted. 
This is effected before the radiation measurements are started, in such a way that 
without signal the microvoltmeter indication will be zero. 

3.4. Measuring method 

With the arrangement shown in fig. 2 the total radiation with and without 
grid can be measured when the shield of 5 cm lead thickness situated in tke 
centre, above the water phantom, is removed. Thus It and I't can be measured 
(in relative values) and the transmission of the total radiation Tt = ltJI't 
calculated *). 

The scattered radiation with and without grid, Is and I's, was measured with 
the above-mentioned lead shield incorporated, so that the fluorescent screen 

*) This factor Tt is the reciprocal value of the so called buckyfactor by which the required 
exposuretime is increased when, at the same voltage, a grid is used. 
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Fig. 3. X-ray grid transmission equipment. 

A. Pick-up under grid holder 
a Grid to be measured 
bLight-tight, 0·5 mm thick alu-

minium cover 
c Calcium tungstate intensifying 

. screen, 2 em diameter 
d 5 mm thick lead diaphragm with 

2 em diameter aperture 
e Light-tight box lined with 5 mm 

lead. 
f Lead-glass, 5 mm Pb equiv. 
g Photomultiplier tube with mi

nimal noise and with a mi
nimum sensitivity of20 amp/1m. 

II Tube holder with incorporated 
voltage divider 

B. Stabilized High Voltage Supply 
Unit 
Mains voltage fluctuations re
duced to less than 100 times 

Is signal current 
Ia dark current 

C. Microvoltmeter 
For signal voltage Vs 
Accuracy better than 3 % 
Time constant approx. 3 sec 

D. Compensator of dark current Ia 
Hand operated potentiometer 
adjustment. 

Ri = Input impedance I MQ 
R21 should be adjusted to thevalue 

of Ri viz. 1 MQ 
R22 = 100 MQ 
R23 = 1 MQ should be set in a po

sition to compensate la 
V =1'5-5Volts 

E. Connections of photomultiplier 
tube RCA 931 A. 

Rl .... R9 = 100 kQ 
RIO = 200 kQ 

and the phototube were shielded from all primary radiation. In order to improve 
the accuracy of the measurement the diameter of the lead shield was decreased 
stepwise from 5 cm and extrapolated to zero. 

The transmission of the scattered radiation Ts could then be calculated: 

Ts 18/1'6' 
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+-----Lead diaphragm, 5mm Pb 

-- -- ---Narrow water container, e.g. 
33cm x5cmIil 

----Lead draphragm,5mm Pb 

Fig. 4. Set-up for measuring primary radiation. 

To measure the primary radiation, the beam diameter could have been reduced 
by a lead diaphragm covering the phantom and having a narrow opening in the 
centre. However, in that case a measuring inaccuracy might occur due to the 
slight amount of scattered radiation in the water phantom near the detector. 
Therefore the original water phantom was removed and a small one was fitted 
to the tube shield (fig. 4). In this way all scattered radiation in the phantom was 
kept remote from the detector. Thus Ip and l' p could be measured and the value 
of the transmission of the primary radiation Tp JpiI' p calculated. 

With the aid of the so-determined transmission values Tt, Tp and Ts, the 
factors K, 1: and B treated in following chapters could be calculated. 

3.5. Accuracy analysis 

The measuring accuracy of the transmission values is influenced by the 
following sources of error: 
1. The high voltage of the X-ray tube (kV) was kept constant during the reading 

within 1 % (section 3.2); consequently the X-ray intensity may have deviated 
by about 5 %, cf. Bierman and Hondius Boldingh, 1951, 1). 

2. The inaccuracy of the X-ray tube current reading may have been up to 3 %. 
3. The mains voltage fluctuations, stabilised within 0'05 %, may have caused 

an error in the light intensity measurements of about 1 %. 
4. The microvoltmeter may cause an error of 3 %. 

Assuming that the resulting overall inaccuracy .11 can be estimated by the 
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square root of the sum of the squares of the inaccuracies of the components 
we find 

,~c- -c:-::------::---::-~ 

£J[ ~ = about 6';; %. 
The uniformity of the measuring results so obtained proved that the repro

ducibility could be kept within approximately 5 %. 
For determining the ratio of two transmission values (K and E, see sections 

4.1.1 and 4.2.3) a role is played by four intensity measurements; a resultant 
inaccuracy of approximately 10 % has hereby to be taken into account. 

3.6. Standard check for transmission measurement equipments 

As grid transmission measurement equipment described above is recom
mended by ICRU for obtaining grid specification values, it is essential that 
various units in use all over the world can be checked in one and te same way, in 
order to ascertain that their measurements are comparable within the accuracy 
limits described in section 3.5. 

Most important thereby is that the same radiation quality be used everywhere. 
To check this, ICRU recommends to measure the transmission ofthe radiation 
through 1 mm electrolytic copper filter, 0·89 ± 0·01 g/cm3 • 

The reason why this type of filter was chosen is that a copper filter can easily 
be made accurately and that it has a rather optimum voltage sensitivity (that 
is the increase of the transmission when the voltage across the X-ray tube is 
increased by 1 k V) in the range of 60 to 150 k V at a thickness of 1 mm. This may 
be seen from the diagram of fig. 5. 

Q/o 
100r---r--.----r---,--r,.,..,..,.~_r_r-,.__,._, 

I 

:0 "K:, 
60 \ '\ ]'\ '\~\ ~ 

:~ " I \ \ "~; ~~+~«:.--+-+--+-'-; 

! I\~ ~~ ~ 0 
t 4a \ ~ r'\ ,,~\. 
301----+--+--'-".f-+~H +j~--f-"\ct-'lr+_+-I 

! i \ 1\ \ ,'\~ 
~1--+-~"""-~~H-H4tt--+~~~~ 

, ! i\, ~ """ ro ~-+-+- -~~H-~-4~~~ 

I Ii'--.:::: ::::-~ r-.-
O~~~~~~LL~_~~~~~ 
0.1 0.2 0.5 2 mm 5 

__ ntterthlckness (Cu) 

Fig. 5. Transmission of copper measured with different voltages, d.c. 
Radiation filtered with 0·5 mm Al and 20 em H20. 
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Taking into account the inaccuracies mentioned in section 3.5 the following 
tolerable transmission limits of the measured transmission values are given by 
ICRU (table J): 

Table I 

voltage (kVd.c.) tolerable transmission limits (%) I 
60 61-
75 15i;-17! 

100 33-37 
125 42 -46 
150 48 -53 



4. THE CONTRAST IMPROVING CAPACITY OF GRIDS 

4.1. The contrast improvement factor 

As the main purpose of using a grid is to improve the contrast of the radio
graphs, it is of primary importance to determine the contrasts in radiographs 
taken with and without a grid, and to find a relation between the physical and 
constructional properties of the grid and its contrast improving capacity. 

The contrasts without grid were measured by placing a small and relatively 
thin contrast object in the geometrical centre of the water phantom and by 
determining the luminance of the detector screen, underneath the contrast 
object and at the side of it: 12 and h. The contrast on a film with a gradation y 
would then be 

Co y log hi 12• 

In the same way the contrasts with grid could be determined C = y log h' / N. 
Thus the contrast improving capacity of the grid could be calculated by the 
quotient of C and Co. 

This quotient is called the contrast improvement factor. There is, however, 
an easier way for determining this contrast improvement factor of the grid; 
this way is independent of the structure of the contrast object. 

4.1.1. Calculation 

In fig. 6 the contrasts obtained with primary radiation (narrow beam) are 
calculated: Cpo The same is done with total radiation (wide beam) without grid: 
Co, and with total radiation with a grid: C, cf. Morgan, 1945 and 1946 16). 

The intensities due to the total radiation by the side of the object and under
neath it, without grid, are IPI + Is It and I p 2 Is, respectively. In the for
mulae of fig. 6 the contrasts and their quotients are then further calculated, 
whereby the absorption coefficient fll of water and fl2 of the object and the 
thickness of the object m are introduced. 

For the case that the contrasts are small the relative contrast improvement 
results is: 

C contrast with grid 

contrast without grid 

transmission of primary radiation 

transmission of total radiation 

that is the contrast improvement factor of the grid. 

Apart from this we have the quotient 

Co contrast with phantom primary radiation I pi 

Tp 
=K 

Tt ' 

Cp contrast without phantom total radiation It k ' 

the factor k may be called the contrast reduction factor of the phantom. 
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Derivation of Contrast Formulae 

Narrow beam Wide beam WiCfe beam 
Without grid Without grid With grid 

10 
I •• I 

• Io + .. 10 ~ 
H20 abs.1 i H2O H2O H2O 

coeff.Pll 

Contrast i -itm - -object I I 

IPI ./ Is "-. Ip2 fIpT. / Is ~ .. !pz abs.lXlflffflz
l 

I 

I I I{3+Is i~ls 
Ipl~ tIp! f!PtIs=It Fpz+Is fE;d=zl .:t;";.rJ 

Ip _ primary radiation. Is"" scat tered radIoiron It = total radiation 

Primary contrast; Contrast w;u,out grid: Contrast with grid: 

11'1 I' !PJ. _ Ip,+ 16 X' +k c = 1'109 - = -In Co-J'709 1 I C = n09 /'+:[.' 'P I pz 2.3 IP2 pz+ s P2 s 

!!!.t aCp Ip1+Is =eaCo zp +1/ aC _. where 7) ~=e 
Ipz a =2.3/;- Ipz+Is 1/;2+1; 

rurther it is obvious that : 

Ipt m(pz-eJr) aCp 
= !P, 2) = !jJ -=e =e 

Ipz Ip2 Ipz 

from I) and 2) can be derived, Is _ l-i:;P 
7+ I -, - • by ~Uminating 1pz ! P, -e 

which can be reduced, CJJld correspondt'ngly 
if oCfJ and aGo are «I 

Go 1 C 1 1pl (small contrasts), to: _.,. ___ a 3) Cp = I +IJ Irp~ II 
4) 

Cp 1 +IsjIpt 
These are the Morggn formulae, Am. Journal of Ro.ntgeno/ogy 55(194S) 70 

The factor Co = contrast with phantom =!& _.L e;; cortrast without phantom It k 
I 

!i could be called the contrast reduction factor of the phantom 

from 3) and 4) can be derived: 

£= contri:tst W~th grid = !PI. / II: = Tn / Tt = K 
Co contrast without grid Ipr It P 

where Tp=transmission of primary radiation through the grid 

Tf= ,. " total " ., " 
K is called the contrast-imp"rovement factor of the grid 

Fig. 6. 
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Fig. 7. Contrast reduction (fig. 7a) and contrast reduction factor (fig. 7b) as a function of IBlIp. 
The thick lines indicate the values for 10, 20 and 30 cm water phantom in the voltage range 

from 60-200 kV d.c. 

Co ~. 
The formula - = --- = - = - IS graphically represented In fig. 7a 

Cp Is It k 
1+ 

Ip 

as a function of IslIp. We will need it later repeatedly. The regions 
referring to the scatter of 10 - 20 and 30 cm thick phantoms in the voltage 
range between 60 and 200 kV d.c. are indicated. 

It is obvious that with an ideal grid, where all primary radiation would be 
transmitted (Ip' = I p, Tp = 1) and all scattered radiation absorbed (Is' = 0, 
Ts = 0), the primary contrast would be completely restored: Ci = Cpo The con
trast reduction of the phantom would be fully compensated by the contrast 
improvement of the grid (Ki = TplTt = Itl!'t = Itllp = k). 

4.1.2 Possibility of rational classification 

For each grid the value of K, of course, will depend on the exposure con
ditions viz. the voltage across the X-ray tube, the filter, the thickness of the 
phantom and the width of the beam; it is not an invariable physical property of 
the grid: Tp and Tt depend on the quality of the radiation and, moreover, Tt 
depends on the relative amount of scattered radiation in the total radiation. 
This complexity and the difficulties of former medical and photographic com
parative studies of the performance of grids, described in chapter 7, may explain 
why it has lasted so long before a satisfactory grasp was obtained of the relation 
of the contrast improving capacity of grids and their structural characteristics. 

However, the more various types of grid were introduced on the market the 
greater became the necessity for better understanding and for rational classi
fication. 

The recommendations on the use of grids in exposure tables for radiographic 
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routine work for example, had become worthless so long as no specification of 
grid characteristics was added. This will be discussed further in chapter 7. 

The introduction of the contrast improvement factor has paved the way for 
bringing order to this existing confusion. 

4.1.3. Measurements 

In 1958 the writer and his co-workers undertook the systematic investigation 
of a series of 13 grids most of which were commercially available types -
of widely varying design (see table II page 16), but all with solid lead strips. 

Their transmission values Tp , Tt and Ts were measured with voltages of 
50-60-80-100-130 and 200 kV d.c. and with water phantoms of 10,20 and 30 cm 
thickness (for this latter thickness the 50 kV measurements were omitted). 

Primary contrasts were measured with a thin air layer and with a thin alumi
nium filter which, as far as X-ray absorption is concerned, is fairly comparable 
with bone structure. 

A wide beam was applied, 36 cm 0 on the grid surface which is comparable 
with a field of 30 X 40 cm2, thus obtaining a relatively large amount of scattered 
radiation and consequently a relatively high accuracy of the measurement of 
its transmission. 

For a reason which will be explained later, the grids were numbered in the 
sequence of their specific lead volume V = N d h cm3/cm2 where N is the number 
of strips per cm, hereinafter called the strips density, d the thickness of the 
strips and h their height, see fig. 8. For the solid lead strips V is proportional 
to the lead content, i.e. the weight of the lead per unit grid surface P (mg/cm2). 

~h. ~~~~~~~~ 
h I 
t~' ~~~~~~~~ 

Fig. 8. Symbols used in the grid calculations. 

In fig. 9 the values of K are given as a function of the voltage for all 13 grids, 
with water phantoms of 10, 20 and 30 cm thickness. 

4.1.4. Discussion of measuring results 

When discussing the curves of fig. 9 one should realize the empirical fact that 
it is hardly possible to discriminate in practice between radiographs of the 
same object made with two grids having contrast improvement factors, under 
the same exposure conditions, varying by only a few tenths e.g. 2·0 and 2·2. 
This pleasantly corresponds with the measuring inaccuracy of this factor. 



strips 
grid 

thick- height dist-

No ness ance 
(d) (h) (D) 

[L mm [L 

11) 50 1·1 320 
22) 50 2x 1·1 350 
3 50 2·5 370 
4 30 2·5 320 

5 60 2 290 
6 80 2 370 
7 50 3·5 380 
8 30 3·5 230 

9 3) 50 2x2·5 370 
10 50 4·5 310 
11 60 4·6 310 
12 60 6 390 
13 70 4·5 300 

1) Aluminium interspaced. 

Table II 
Characteristics of 13 measured grids 

lead content 

strips density ratio volume weight 
(N) (r =h/D) r/N (V) (P) 

em' ~h:l cm 1O-4cm3/cm2=[L mg/cm2 

27 69 3·4 0·12 150 170 
25 63 2 x3·1 0·25 270 310 
24 61 7 0·29 300 340 
40 102 11 0·27 300 340 

29 74 7 0·24 350 390 
24 61 6 0·25 380 430 
23 58 9 0·39 400 460 
38 97 15 0·39 400 460 

24 61 2x7 0·58 600 680 
28 71 15 0·54 630 720 
27 69 15 0·56 730 830 
22 56 15 0·68 790 900 
27 69 15 0·56 850 960 

2) Ditto, cross grid (about 2 x no. 1) 
3) Cross grid (2 x no. 3). 

characteristics 
(100 kV, 20 cm H2O) 

prim. bucky contrast 
transm. factor lmprove-

(Tpn) (Bn) ment factor 

% - (Kn) 

67·5 2·9 1·95 
57 3·4 1·95 
69 3·05 2·1 
69 3·05 2·1 

0\ 
72·5 2·9 2·1 I 
72·5 2·55 1·85 
67 3·5 2·35 
68·5 3·8 2·6 

58·5 5·0 2·95 
64 4·35 2.8 
68·5 4.2 2·85 
64 4·6 2.95 
60·5 5·0 3·0 
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Fig. 9. Contrast improvement factors of 13 grids measured at various voltages with water 
phantoms of 10, 20 and 30 cm thickness, (a), (b), (c) respectively. 

Taking this tolerance into account the following conclusions may be drawn 
from the diagrams of fig. 9: 
(a) The curves practically do not intersect throughout the whole voltage range. 
Deviations from this rule such as intersections of the curves of adjacent grid 
numbers lie within the perception tolerance. 

This means that there are no grids particularly suitable for low voltages and 
others for high voltages. This important conclusion will be discussed in more 
detail later (chapter 8). 
(b) Within the same practical limits, as far as the contrast improvement factor 
is concerned, the sequence of the grid numbers is the same for various phantom 
thicknesses. This implies that for thin objects the same grid may be used as for 
thicker ones, particularly as according to (a) it is suitable for the whole voltage 
range. 
(c) Again within the practical perception limits, the shape of the curve is the 
same for each object thickness. This means that the voltage dependence of the 
various grids is more or less the same for a given object. Therefore one point of 
each curve, chosen for standard conditions, gives a fairly good idea of the 
relative quality under all working conditions, and therefore can be considered 
to be representative for the relative performance of the grid. For these condi
tions 100 kV d.c., with a standard 30 x30 cm water phantom of 20 cm thick
ness and a wide X-ray beam, were chosen. 

In the ICRU recommendations the contrast improvement factor measured 
under these conditions is designated by the symbol Kn. 

4.2. Other quality factors 

So far the contrast improvement factor has not yet been introduced in 
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practice. It may be expected that it will be applied gradually in consequence of 
the ICRU recommendations 1962. 

In the following we will discuss other quality factors which are actually used 
in printed matter published by grid manufacturers. 

4.2.1. lSossJ'actor 

This factor indicates the loss of primary radiation when passing through the 
grid. It is obvious that this factor equals the value 1 Tp. A small loss factor 
implies a large transmission of primary radiation. For the sake of uniformity 
and in order to avoid misunderstanding, the term Tp is recommended where the 
loss factor is under consideration. 

Although a large primary transmission is a favourable feature of a grid it is 
not an independent quality factor because generally it will be accompanied by a 
relatively large transmission of scattered radiation, which is unfavourable. 

4.2.2. "Clean up", "effectiveness" 

For the same reason the "clean up" or "effectiveness" factor of a grid, which 
is more clearly indicated by the synonym Til transmission of scattered radi-
ation - is not an independant quality factor. 

4.2.3. Selectivity 

A much better factor is the selectivity, this being the quotient of the trans
missions of primary and scattered radiation: 1: T piTs. It was introduced as 
long ago as 1934 by de Waard 31, 32), cf. also Reiss, 1959 24). 

The selectivity is high when Tp is high and Ts is low, both being favourable 
grid features; therefore 1: may be treated as a quality factor. However, the 

5 
-Selectivity 

15 

Fig. 10. Contrast improvementfactor as a function of selectivity for various values of a = Is/Ip. 
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relation between this factor and the contrast improving capacity of a grid, 
expressed by the factor K, is complex and dependent on several working con
ditions. 

For cases where the quotient of scattered radiation divided by primary radi
ation IBIIp = a is known, the relation between I: and K can be easily calculated: 

Ip' Ip + Is 
Ip Ip' I's 

1 + IslIp 

1 + 10'11' p 

l+a l+a 

1 + a/I: 

In fig. 10 K is plotted against I: for various values of a. It may be noted that I: 
is not a linear function of K; a large difference in 1:. between two heavy grids 
may suggest a large difference in quality whereas in fact the difference of their 
K-values is negligible. In the extreme case of the ideal grid 1:. tends to 00 

whereas K tends to a maximum of 1 a which is equal to 

1 + IslIp It/Ip = k 

representing the contrast reduction factor of the object, mentioned in section 
4.1.1. Moreover, under differing exposure conditions two grids may have the 

same selectivity and yet produce different contrast improvements. 
The conclusion is that although from a design point of view the values of 

Tp and Ts and their quotient are quite interesting, for the users of the grids the 
factor selectivity is not suitable for comparing them as far as their contrast 
improvement capacity is concerned. 

Apart from these arguments it is more difficult to determine 1:. accurately than 
to do so K because for the selectivity the value Ts 1'8118 is to be measured, 
whereby, especially for heavy grids, I's, the scattered radiation passed through 
the grid, may be very small. For determination of K = TpJTt only higher in
tensities are to be measured. 

4.2.4. Ratio 

The most frequently used quality factor is the so-called ratio, i.e., the height 
of the strips divided by their mutual distance: hiD r *). As a matter of fact 
when two grids having strips of the same strip thickness and having the same 
strips density but of different height are compared, the one with the highest 
strips will give a greater contrast improvement. 

Although the transmission of the primary radiation will be somewhat lower 
due to more absorption in the interspacing material, the transmission of the 
scattered radiation will be considerably lower because it will pass through more 
lead (strips), a smaller part passing through the narrower slits between the strips, 
without crossing lead. This had the result that in the period that strips densities 

*) The symbol r can be used for the ratio because in the 1962 ICRU recommendations the 
symbol r for the rontgen-the unit of exposure (dose)-has been replaced by the symbol R. 
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of the various commercially available types of grid did not vary considerably, 
the ratio was considered as the most important quality factor, as far as contrast 
improving capacity was concerned. 

Since then, however, grids with widely varying strips densities, (from 22 to 
50/cm) have been made available. Thus the ratio is no longer a suitable measure 
for their contrast improving capacity. 

This can easily be understood when one compares two grids with the same 
strip height but one having double the quantity of strips per em grid surface, 
of half the thickness. The transmission of the primary radiation of both grids 
is the same, as the primary rays pass through the same thickness of interspacing 
material whilst m~eting lead on an equal part of the grid surface. The trans
mission of the scattered radiation of both grids is nearly equal as well: the 
oblique scattered rays, which form the greatest part of the whole scatter, meet 
the same quantity oflead on their way. Only the scattered rays which are rather 
perpendicularly incident and pass through the narrow slit between two ad
jacent strips, and are thus hardly absorbed, are more numerous in the lower den
sity grid. In most cases, however, this latter radiation forms only a small part 
of the whole scatter. 

din p. 30 

Vin p. 260 
Kn 2·5 
En 3·4 

40 

340 
2·7 
3·95 

1 

o o 

I 

2f) 

Table III 

50 I 60 

420 490 
2·8 2·9 
4·1 4·35 

"..-' >.--0-

40 

I 70 I 80 I 100 

560 620 740 
3·0 3·1 3·25 
4·6 4·85 5·25 

-

i 
100p 

Fig. 11. Contrast improvement factor Kn as a function of strips thickness d; 
h 3·5 rom, D 370 1', r 9·5. 
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The conclusion to be drawn is that these two grids which have the same lead 
content and of which one has twice the ratio of the other, are practically equal 
as far as transmission of primary and scattered radiation is concerned and so 
will have nearly the same contrast improving capacity. 

A still more striking example proving that the ratio is not an adequate 
measure for the contrast improving capacity is a series of measured experi
mental grids having the same height (h 3·5 mm) and the same mutual distance 
(D = 370 r;.) between the strips, so that they all have the same ratio 9'5, but 
having different strip thicknesses and therefore differing lead contents. 

In table III the measured values of Kn are given as a function of the strip thick
ness (cf. fig. 11) and are compared with the lead content. The corresponding 
values ofthe bucky factor are added. This subject will be treated extensively in 
chapters 7 and 10. 



5. GRID CHARACTERISTICS DETERMINING THE CONTRAST 
IMPROVING CAPACITY 

5.1. The lead content 

Following the numerical sequence in the curves of fig. 9 (page 17) one can 
see that, generally speaking, the heavier grids show higher contrast improvement 
factors than the light ones. 

When the value of Kn is plotted against the specific lead volume (fig. 12) it is 
revealed that the latter can be considered as being a rough measure for the 
contrast improving capacity of the grid within the tolerance of -L 0-2, irre
spective of their very widely differing design (table II, page 16). 

K" 

r 

~~~--ro~o--~-~~--~-~~--~-~~p~ 

_lead COI'lteni: 

Fig. 12. Contrast improvement factor Kn (100 kV d.e., 20 em H20, 30 X 30 em) 
as a function of the lead content. 

Without taking this lead content as a unambiguous quantitative measure, it is 
certainly reasonable to use this invariable and easy to determine characteristic 
for grid c1assification. Thus one can speak of light~ medium and heavy grids 
when groups with different contrast improving capacities are under con
sideration. 

It must be stressed here that this rule only applies for "efficiently" designed 
grids. that is for grids where a fairly optimum transmission of the primary radi
ation is obtained. The theoretical optimum efficiency will be treated later in 
section 5.3. 

In view of the potential possibility of an inadequate use of the lead, the lead 
content - contrary to the original proposition of the writer (1959) cannot 



-23-

be adopted for a quantitative indication suitable for grid quality comparison. 
An extreme example of the opposite of an efficiently designed grid is a lead 
sheet, which may have a large lead content, but is a very inefficient selective 
absorber of scattered radiation, cf. Lindblom, 1934, 13). 

5.2 Transmission of scattered radiation 

We will now look more closely into the transmission of scattered radiation 
by a grid. It has already been mentioned that Ts is influenced by the lead con
tent and the ratio. For a correct calculation of this transmission, the relative 
intensity and the quality of the scattered radiation should be ascertained as a 
function of the angle of emergence for each tube voltage and object thickness. 

Payne Scott 1937,21) made such a calculation for the case of a parallel in
cident beam, with four different (monochromatic) wavelengths. This ca1cula
tion gives a clear picture of the great difficulties to be expected if the distribu
tion of scattered radiation were to be determined with the mixed radiation 
occurring in practice. For this reason we have refrained from trying to draw up 
a formula for the absorption of scattered rays. We have confined ourselves to 
one single radiation quality (90 kV d.c., filter 0·5 mm AI + 0·05 mm Cu, 20 cm 
thick water phantom, 30 x 30 cm2) of which we knew the relative intensity as a 
function of the angle of incidence, from measurements similar to those of 
Seeman and others, 1954 and 1955,27). 

We shall first apply these measurements to the nine different fictitious grids 
of which the charaeteristics are given in fig. 13. They are divided into three 
groups of three, each of which has the same specific lead volume. This specific 
lead volume is expressed in 10-4 cm3jcm2 microns. This value corresponds to 
the thickness of an equally solid lead sheet having the same specific lead volume 
and which is the last fictitious grid in each group, with ratio 00 (1 fl. is equivalent 
to 1-13 mg/cm2). 

The three grids a, with a lead content of 300 fl., have ratios of 6'5, 13 and 00; 

the grids b have a lead content of 500 fl. and ratios of 8, 16 and 00, whilst the 
last group, c, has a lead content of 780 fl. and ratios of 11, 22 and 00. 

In fig. 14 the relative intensity of the scattered radiation on a surface element 
underneath these grids is represented as a function of the angle of emergence a, 

whereby the intensity of the scattered radiation in the direction a = 0, above 
the grids, is taken as 100% (cf. Oosterkamp, 1946, 22). 

The shape of the transmission curve is largely determined by the limiting 
angle aI, which can be calculated from tan al Djh = I/r. This limiting 
angle decreases with an increasing ratio, and completely vanishes when the 
ratio reaches "00" (lead sheet). For angles greater than al the absorption is 
virtually determined only by the lead content, whilst for smaller angles the 
figures show a peak. 

The area below the curves represents a measure of the total amount of 
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Fig. 13. Three groups: a, b and c, of three grids with specificlead volumes of 300, 500 and7801k 
respectively. In each group the second grid, in comparison with he first, contains twice as 
many lamellae per cm but these have only half their thickness. The ratio is thus doubled 
with conservation of the lead content. The third "grid" type in each group is a lead plate 

(r (0) with the same lead content. 

scattered radiation transmitted to the surface element underneath the grid. That 
area must therefore be as small as possible. This can be obtained by making the 
ratio as high as possible (as a result of which the peak becomes narrow) and 
by increasing the lead content (as a result of which the rest of the figure is 
reduced). If the lead content and the ratio are both made very high, the grid 
will hardly transmit any scattered radiation and thus the primary contrast 
will be nearly restored. 

The reduction of the scattered radiation is clearly shown in fig. 15, page 26, 
in which the scattered radiation Is I is represented in relative values as a func
tion of the ratio, for various specific lead volumes between 200 and 1000 microns. 

Frpm these curves it appears that when the value of the ratio increases 
above 8, Is' decreases only slowly. Therefore, whereas in the case of low values 
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the ratio as such still plays a rote in contrast improvement, albeit a secondary 
one compared to the lead content, it can be said that for values of r greater than 
8 the quality of a well designed grid is almost exclusively determined by its 
lead content. 
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Fig. 14. Relative transmission of scattered radiation as a function of angle of emergence, for 

various values of specific lead volumes and various ratios, corresponding to fig. 13. 

5.3. Transmission of primary radiation 

This brings us to the definition of a well-designed grid. In all cases where the 
lead content plays the preponderant role in the transmission of the scattered 
radiation the quality of a grid with a given specific lead volume is furtheron 
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Fig. 15. Transmitted scattered radiation r.o in relative values, as a function of the ratio, for 
various values of the lead content V. 

determined by the way in which the lead is distributed over the grid surface. 
In the extreme case where the lead would be spread out in a thin sheet the 

primary rays would be absorbed nearly as much as the scattered rays. Apart 
from a difference in absorption of obliquely incident scattered rays and the 
perpendicularly incident primary rays, there would be no selective absorption 
of the scatter and consequently hardly any contrast improvement. 
On the other hand, if the lead were to be divided into extremely thin, very high 
strips the primary radiation would have to pass through a thick layer of the 
interspacing material with the result that the exposure times would be prohibi
tively increased as well. 

It is obvious that with a given lead content there must be an optimum in 
between these two extreme cases, with a minimum absorption of the primary 
radiation. In an efficiently designed grid the lead distribution is such that a 
fairly optimum transmission of the primary radiation is obtained. The geo
metric condition for this optimum can be calculated in the following way. 

As the specific lead volume V = Ndh, the part of the grid surface covered by 
lead, N d, is equal to Vjh. For a given value of V therefore, that part is small 
when h is great. If we assume that the primary radiation incident on the lead 
strips is completely absorbed and that the strips are correctly centred to the 
focus, a fraction, 1 Vlh, of the primary radiation does not strike the lead . 

. This part is attenuated in the interspacing material by a factor e-/kh where P
is the linear absorption coefficient of the interspacer. For a given value of p- this 
attenuation is small when h is small. 
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The transmission of the primary radiation is now 

Tp (1- Vlh)e-p.lt. 

It is composed of two mutually opposed functions of h. This implies that there 
will be an maximum value of Tp for a given specific lead volume V and a given 
absorption coefficient fL. This optimum can be found by differentiation 

b~ (' fLV V) fLV = - fL + - + - e-p.lt = 0 thus - fL + 
M, h h2 h 

V 
-= O. 
h2 

This quadratic equation gives a positive value for the optimum value of h viz. 

( V
I 4 \ 

h = tv 1 + 1 + -) = hopt • 
\ fLV 

(1) 

As fL is generally 0·3 cm-1 (organic interspacing) and V < 0·1 em (see 
later) and therefore fLV < 0·03 <& 4 we may write as a first approximation 

hopt 
IV VlfL· 

With this value of h and with a given absorption of the scattered radiation, the 
maximum transmission of the primary radiation reaches the value 

Tpmax = (1 

In view of the fact that, for small values of fLV < 0·03 

,~ ;-:;: 
e- yp.v R:! 1 - V fLV we can write 

Tpmax~(l 

Thus, the optimum is obtained when the radiation absorption in the lead is 
approximately equal to that in the interspacer. 

In fig. 16 hopt is plotted against V according to formula (l) for various values 
of fL. The measured grids are marked in this graph. Although the values of their 
fL is not known it is clear that the optimum condition is not fulfilled by most of 
the grids, as, for organic interspacers the value of fL generally will be between 
0·2 and 0·3. These deviations of the optimum condition will be discussed in 
section 5.6. 

It should be noted here that Tp max is not in all cases strictly connected with 
optimum K. This holds good only when Ts (and so Tt and B as well) are practi
cally not affected by the ratio. This is the case in the ratio range above r 8 as is 
shown in fig. 15, page 26. For lower ratios Kn will be maximum for h slightly 
larger than hopt but is it questionable whether this theoretical consideration 
will be perceivable in practice. 
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Fig. 16. Optimum height of strips as a function of the lead content Vand absorption coefficient 
Ii- of interspacing material. The numbers correspond to the measured grids. Table II, page 16). 

5.4. Manufacturing accuracy 

The value of Tp = (I Vlh)e-111t is not the value which will result from 
measurements of /p and I' p. First of all the strips are generally covered on both 
sides by protecting layers, while on the other hand it is unavoidable that the 
strips are not exactly flat or that small deviations of the ideal centring of the 
strips to the convergence line (that is the virtual intersection of the planes of all 
strips) occur. 

If the values of j.t for various voltages are known, the calculated and the 
measured values of Tp can be compared and so a "manufacturing quality 
factor" could be established. This has not been carried out with the measured 
grids under consideration here because the values of j.t of several types were not 
known. 

5.5. Strips density 

It has already been remarked in section 4.2.4 that there is a close relation 
between the strips density and the ratio. This can be expressed mathematically 
as follows. 
If we consider the equations N = Ij(D + d), r hiD and V Ndh and we 
eliminate then D, we find 

r 

1 ( V\ h V 
h 1- h) = h2 

N 

which expresses the rather obvious fact that, when V and h are given, not only 
is Nd V/h constant but also that the ratio is proportional to the strips density. 

In cases where the optimum condition for the transmission of the primary 
radiation hopt = VV/ It is fulfilled we find 
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r--;;vNjr = (1- ~ fl-V) fl-jV = (2) 

This means that for a given lead content and interspacing material there is, 
under optimum conditions, a fixed relation between strip density and ratio. 

Moreover, with a given ratio and a giveninterspacingmaterial the stripsdensi
ty can only be increased at the expense of the lead content i.e. of the contrast 
improving capacity. Since, according to formula (2), under optimum conditions 
Nlr is a function of fl- and V the contrast improving capacity of the grids should 
also be more or less closely connected to this quotient. 

In fig. 17 Kn is plotted against the reciprocal value r/ N. The interconnection 
is as good as that of Kn and V (fig. 12) and better than the relation of h and V 
(fig. 16), 

em 
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Fig. 17. rlN as a function of contrast improvement factor K1I • x = cross grid (with double 

ratio). 
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Fig. 18. Ratio r and focus-grid distance range 12-11, for fo = 90 cm, as a function of the con
trast improvement factor K". The strips density (N/cm) of the measured grids is inscribed. 
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For comparison, in fig. 18 the ratio is plotted against Kn and the measured 
grids are marked with their strips density value. The drawn curve interconnects 
the marking of grids which have approximately the same strips density. This 
curve is of course similar to that in fig. 17. It proves that the ratio is only a 
useful measure for the grid quality as long as the strips density is the same. 
All grids having a larger strips density do not follow the curve; the higher their 
N-value the more they deviate from it: higher strip densities give lower contrast 
improvement at the same ratio, as was already mentioned in section 4.2. 

5.6. Tolerance latitude 

The fact that many h-values of the measured grids do not fulfill the optimum 
condition brings us to the question to which extent a deviation of the formula 
hopt vrpT~ influences the contrast improving capacity. This consideration is 
important because a lower strip height, with the same lead content and strips 
density, entails a smaller ratio, which is an advantage as far as the admissible 
de-centring of the tube focus is concerned_ 

For this purpose we calculate the value of h < hopt which is connected with a 
value of the transmission of the primary radiation Tp ,90 = 0·90 Tp,max. The 
value of K Tp/Tt will then be lowered as well, but not so much as Tp. The 
transmission Tt, of the total radiation, will be lowered to a smaller extent than 
Tp because that radiation is composed of Ip and Is whereby the transmission 
ofTs is hardly influenced by reducing the strip height with equal lead content V. 

/ V) \ 1- It e-,..h, Tp , max 

so 
Tp 90 1 - VI h90 h + .. -

---.==- e-fL 90 V VfL 
1-- . Tp,max 

In fig. 19 hopt and h90 are plotted against V for p.. 0·2 and 0-3 (organic 
interspacer), where h90 is the strip height for Tp 0·9 Tp max. Here the sur
prising fact is revealed that h can be reduced to approximately half the optimum 
value without losing more than 10 % of the primary transmission and thus 
losing less than 10% of the contrast improving capacity. 

It is to be taken into account, however, that besides a small decrease of Tp 
when h is lowered considerably below hopt - a more serious increase of Ts might 
occur (cf. 5.2). This again, is not the case when the ratio is not lowered below 
r 8. 

For the case of a lower ratio being obtained the pros and cons of the smaller 
strip height are to be considered and weighed against each other. The most 
important advantage of lowering h with equal V is obtaining more freedom for 
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Fig. 19. Tolerance limits for strip height as a function of the lead content V. 
Numbers inscribed refer to grids according to table II. 

deviations from the nominal centring position of the tube focus. This will be 
treated consistently in the next chapter. 

When h is approximately halved, the ratio is lowered by a factor of about 2 
as well, which increases the admissible de-centring area of the focus considerably. 
On the other hand, when a certain decentring distance of the tube focus is im
posed by the radiological working conditions which means that the ratio 
"hould not surpass a given value - a grid with a greater strip thickness can be 
chosen than that corresponding with optimum transmission of the primary 
radiation. Thus a greater lead content and a greater contrast improvement 
factor can be obtained. 

The area between hopt and h90 in fig. 19 may be called the tolerance-area, in 
which the representing marks of efficiently designed grids may be situated as 
long as the ratio is not lowered below 8. 

In fig. 20 oblique lines are drawn, in the same coordinates, for grids with equal 
strip thickness within the tolerance area mentioned above, in fig. 20a for grids 
with 24 strips/em, in fig. 20b for N 40/cm. 

Moreover, in both graphs lines of constant ratio are drawn, so that one can 
read off all geometric constructional characteristics of all possible grids 
within the lead content limits of250 to 1000 fL, 300 to 1200 mg/cm2• 

In table IV a few examples are given which show the improvement of the 
lead content V and the corresponding contrast improvement Kn when shifting 
from the optimum strip height to the 90 % limit. 

A study of figs 20a and b is specially useful in connection with the question 
whether grids with a high strips density should be used in a "bucky" -casing 
with a movement mechanism or not. 
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Fig. 20. Correlation between V and r on the one hand and d and h on the other, in the region 
between the tolerance limits. a: N 24/cm, b: N 40/cm). 

Table IV 

Grid characteristics in tolerance area 

N = 24/cm, 60/inch N 40/cm, 100/inch 

h d N D r V Kn h d N D r V Kn 
mm fI- cm- I [L - [L - mm fI- cm-1 p.. - [L -

3-0 50 24 365 8·2 360 2-1 
2·5 100 24 315 7·9 600 2-6 

4-0 50 24 365 11·0 480 2·5 2'5 30 40 220 11-3 300 2·1 
3·5 100 24 315 11-1 840 2·9 2·0 60 40 190 10·5 480 2·6 

5·0 50 24 365 13·7 600 2·6 3·5 30 38 230 15·0 400 2·6 
4·5 90 24 325 13·3 975 3-1 3·0 55 39 200 15·0 645 2·g 

3·0 60 39 195 15·4 700 2·9 

When comparing fig. 20a and b and the corresponding examples in table IV it 
can be clearly seen that grids with lower strips density (24) can be considerably 
"heavier" than those with a high number of strips per cm (40) having the same 
ratio. This is the main argument for using low strips density grids with move
ment mechanisms, whereas the high strips density grids should be reserved for 
stationary applications. This is further described in section 11.2 
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It should be remarked here that, as the grids situated near the h90-limit have 
thicker strips than those near the hopt-limit, higher demands are to be made on 
the movement mechanism as far as adequate wiping-out of the stripshadows is 
concerned. On the other hand, the stationary grids in particular should be 
very accurately and uniformly manufactured in order to avoid disturbing 
shadows caused by the thicker strips. 



6. THE INFLUENCE OF FOCUS DE-CENTRING 

6.1. Introduction 

It has already been mentioned several times that the ratio as such is not a 
general yardstick for the contrast improving capacity of a grid. Although as a 
rule with equal strips density and strip thickness the lead content and conse
quently the contrast improvement will be greater when the ratio is higher, this 
ratio must nevertheless be considered as a nuisance factor in all cases where the 
focus cannot be accurately centred in the convergence line of the grid during 
the X-ray examination, expecially when radiographs are made. 

First of all it is not always possible to ascertain exact centring of the focus in 
the perpendicular line to the grid centre, due to insufficient rigidity or incorrect 
positioning facilities of the tube holder. Secondly, in many cases (e.g. with 
gastro-intestinal X-ray examinations) the focus-grid distance has to be varied 
during fluoroscopy while the radiographs are taken at a distance which 
may deviate considerably from the focusing distance of the grid. Therefore, when 
choosing grids for various groups of application, the limits between which the 
focus-grid distance can be varied, and the possible lateral deviations of the tube 
focus from the grid centre, are to be taken into account to avoid too much 
primary radiation being absorbed by passing obliquely through the slits be
tween the strips. It is obvious that here the focusing distance and especially the 
ratio determine the extent of this loss. 

In the following sections this extra loss of primary radiation due to de-centring 
of the tube focus will be calculated, Hondius Boldingh, 1958, 9). 

6.2. Lateral de-centring 

If the focus at normal focusing distance fo, is laterally de-centred over a 
distance b (fig. 21) the primary radiation does not pass adequately through the 
slits between adjacent strips (as would be the case if the focus were located in 
the convergence line) but there will be extra absorption by the lead instead. 

According to fig. 21 the width of the radiation beam passing through two 
adjacent strips is reduced by 8 where 8 : h = b : fo so that 8 = hblfo. The 
relative loss will then be 

L 81D = (hiD) (blfo) = rblfo. 

Angulation of the grid surface around the centre line, over an angle {3, 
has the same effect when tan {3 = hi fo; then L = r tan {3. 

Consequently the loss is proportional to the ratio and when b is 1 % of the 
focusing distance fo, or tan f3 = 1 % respectively, the loss of primary radiation is 
r%. The loss is theoretically equal all over the grid surface. 
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b 

Fig. 21. Loss of primary radiation, L, due to lateral focus deviation along a distance b, 
maintaining the exact focusing distance fo; L = (hi D)(blfo) = rblfo. 

6.3. Moving grids 

When the grid is moving during exposure an average value for b must be 
determined. This depends on the nature of the movement and the position of the 
grid at the beginning and termination of exposure. The following possibilities 
may occur: 
(a) When the grid moves only once during the exposure with a uniform velocity 
over a distance 2b, symmetrically around the central position, an average devi
ation !b is to be taken into account. 
(b) The same applies when the grid is moving "reciprocally" *) with a (half) 
amplitude b. 
(c) For the case that the movement is right-angled ("recipromatical" *) the same 
average value !b is obtained. 
(d) When the grid follows a sinusoIdal movement with a (half) amplitude b, 
and when during the exposure a whole number of half sines are completed, the 
average deviation will be 2b/TT = 0·65 b. 
(e) When another type of movement occurs the average value of the deviation 
is to be determined accordingly. 

Considering the movement mechanisms available in practice one can con-

*) These expressions are connected with movement devices of certain available buckies. 
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elude that the average (half) amplitude is between 5 and 15 mm. If the lateral 
centring fault of the tube focus is greater than the average (balf) amplitude of 
the grid movement the latter plays no role. On the other hand, if the amplitude 
of the movement is the greater of the two, the first can be neglected. Thus, if 
both lateral deviations occur together only the greater is to be taken into 
account. In all cases where the focus-grid distance is equal to the focusing 
distance if the latter is not too small- the (average) lateral de-centring can 
be neglected, even with ratios of 15, as the value of the loss L = rblfo 
will then generally not be greater than 20-25 %. This value is acceptable, as will 
be proved later. 

6.4. Losses due to varying focus-grid distances 

When the tube focus is accurately centred laterally but the focus-grid distance 
/ deviates from the focusing distance /0, no loss of primary radiation occurs in 
the centre line of the grid. In this case, however, losses will appear in all parts of 
the image except the centre line: these losses will be greater at greater distances. 

The amount of the loss at a distance e (fig. 22) from the centre line can easily 
be calculated, for/I </0, when graphically the value of the lateral displacement 
b is determined, which - at focusing distance /0 would cause the same loss: 
line p in fig. 22. In that case b(ro - /1) = elfl and, as L rblfo we find for the 
loss, when the focus is placed in/I 

I 
I 

/ 
I 

I 

f/ / 
f / 

I 
I 

I 
I 

I 
I 

I 
I 

c 
Fig. 22. Loss of primary radiation at a certain point situated at a distance c from the centre of 
the grid in the case of focus-grid distances!l and/2 respectively, deviating from the focusing 

distance !o. 
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Ll rc(jO- /1)//1/0 = rc(llfl- 1//0). 

In the same way we find for /2 > /0, following the line q 

Consequently these losses are proportional to the ratio r and the distance c 
from the centre line. Proceding the other way round one can calculate at given 
focusing distance /0 and image width 2c the extreme focus distances /1 and /z 
which are admissable when a loss of L at the image edges should not be sur
passed. These limits will only hold good when no simultaneous lateral de
centring is present. 

From the formulae for Ll and L2 the following values for /1 and /2 can be 
derived: 

/0 /0 ----- and (2= ---'-.... _-
I + /oLl/rc . 1 /OL2/rc 

/1 

6.5. Combined focus deviations 

When in fig. 22, besides the lines p and q, the dotted lines sand t are also 
drawn, a "kite quadrangle" is formed which confines the admissible focus de
centring area in which the losses at the image edges c will not exceed the value 
L = rbl/o. If a lateral de-centring b' is to be taken into account the focus-grid 
distance limits /1 and /2 are narrowed to /1' and /2' which can be graphically 
determined according to the horizontal lines in fig. 22. For example, when with 
a serial cassette extreme focus distances/I' and/2' can be obtained and an average 
lateral displacement b' of the grid is to be taken into account one can read in 
fig. 22, intersection point S, the most favourable focusing distance /0 whereby 
the same primary loss is obtained at a distance c from the centre line, when the 
focus will be in the extreme distances/I' and/z'. 

Moreover, the distance b from S to the centre line, introduced in the form 
L rbl/o enables the calculation of the maximum admissable ratio r = L/o/b. 

The quadrangle established by the lines p, q, sand t marks the extrem,e focus 
places where the loss L = rblfo will not be exceeded at any of both parallel 
image edges. In the case of combined lateral and perpendicular deviation of 
the focus; however, the losses are not symmetrically spread over the image 
surface: When b' is at the right side and / < /0 the losses are smaller at the right 
side than at the left and line p indicates the image side with the greatest losses. 
On the other hand when b' is on the left and / > /0 then the losses are greater 
on the right (line q). 

6.6. Graphical determination of the losses 

The value of L/r can be determined still easier when oblique lines of constant 
Ljr values are drawn in the graph so that an L/r = blfO scale is obtained. These 
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Fig. 23. Diagram to determine the losses L of primary radiation. The lines I, 2, 3 and 4 repre
sent the examples mentioned in table V. 

oblique lines intersect, of course, in the centre of the grid and they cross the 
horizontal line through/o at distances b = /oL/r (see fig. 23). 

A line p or q, e.g. 1, 2, 3 or 4 in this figure, intersecting a horizontal line 
through a given focusing distance /0 indicates on the oblique line the corre
sponding value of Ljr. 

With the aid of such a graph one can determine the loss situation in an easy 
way with only one line. In table V the quantitative data are given of the example 
lines in fig. 23, which all result in about 50% loss at one of the image edges. 

Table V 

no /0 / b' 
2c 

r L/r L 
cm cm mm - % 

1 I 80 70 - 30cm 16 3·0 48 
2 90 80 14 24cm 15 3·4 51 
3 90 120 7 30cm 9 5·0 45 
4 100 150 10 17 inch 6·5 8·0 52 

6.7. Practice considerations 

If one applies this method in practice one will be astonished to discover that 
in many cases big losses at the film edges occur that remain unobserved in 
medical practice. For instance when - exceptionally a long distance expo-
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sure (150 cm) is made with a grid of not too high ratio, having a focusing dis
tance f 80 cm, normally used with the serial cassette at distances between 70 
and 90 cm, such losses will certainly occur. 

Apart from the fact that the stray radiation will be smaller at the image edges 
than at the centre (and often the intensity of the primary radiation will be 
greater, due to a smaller thickness of the object), a part ofi! will always remain 
after passing the grid so that e.g. a loss of primary radiation at the image edge 
corresponds with a smaller loss of the total radiation. Only in the theoretical 
case of an ideal grid, that eliminates all the scatter, the loss at the edges would 
be equal to that of the primary radiation. In all practical cases the loss (and 
correspondingly the under-exposure of the film) at the edges depends on I' s/I' p 
behind the grid. This value depends on Is IIp falling on to the grid, and on the 
absorption of Is and I p by the grid itself. 

In fact one can write Is' /1' p (1/L') (Is/Ip), which can easily be understood, 
because the selectivity can be expressed as follows: 

The value of Is/Ip depends on the size of the object and of the voltage. In the 
curves of fig. 7a and b (section 4.1.1) the values of Is/Ip are indicated for 
30 x30 cm2 water phantoms of 10,20 and 30 cm thickness in the voltage range 
of 60-200 kV. The scattered radiation intensity is 1 to 4 times the primary 
radiation intensity impinging on the grid. For narrower beams and small 
phantoms it may be neglected. 

As the selectivity of various grids may vary from about 5 for the lightest grids 
to 15 for the heaviest grids, the value a' Is'/Ip' behind the grid may vary 
between 20 and 80 % for the lightest grids and between 7 % and 25 % for the 
heaviest grids. 

Assuming that, when using a grid, the exposure time in the centre of the 
image is compensated with the object of obtaining the same film blackening as 
without grid one can calculate the relative losses on exposure time and contrast 
at the image edge as a function of the loss L of primary radiation 0, 25, 50 and 
75 % due to de-centring of the tube focus: ' 

In the centre we have I't = I' p + I' 8 l' p(l + a') and at the edge, while 
I's I" 8 ("indicating the values at the film edge): 

Ie" Iff 
P 1"8 = I'p(l- L) + Is' 

So the relative loss on exposure is 

Ip'(l- L + a') 

I't It'' (1 + a') - (1 L a') L 

Ie' 1 +a' 1 +a' 
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Fig. 24. Reduction of exposure (fig. 24a) and contrast (fig. 24b) due to de-centring of the 
focus, as a function of r sf l' p for different losse8 of primary radiation. 

The contrast related to the primary contrast is in the centre 

C' I'p 

C'p I't 1 +a' 

and at the edge 
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--...... ~-
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As C n 
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In fig. 24 a and b the remaining relative exposures, and contrasts at the film 
edges are plotted against a' I's/l' for losses L = 25, 50 and 75 %. For large 
values of a' the contrast loss can never be greater than the loss on primary 
radiation L. From these curve can be seen that e.g. when 50 % primary radiation 
is lost, under practical phantom conditions not more than 30 % exposure is lost 
at the utmost, which is hardly visible, and not more than 25 % contrast. 

6.8 Nominal focus-grid distance limits 

It is not feasible for the radiologist to take all these considerations quantitati
vely into account when choosing grids for various fields of applications with 
various focus-grid distance ranges, expecially when he disposes of a bucky 
equipped for exchangeable grids. 
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The relations between ratio and focusing distance of a grid on the one hand 
and the field width and losses due to de-centring on the other are too compli
cated for use in daily practice, even when using the diagram of fig. 23 and sup
posing that such a diagram would be drawn specially for each type of grid, based 
on its ratio and focusing distance. Yet a general indication of this kind might 
be of great help for the choice of grids for certain fields of application. 

For this purpose ICRU decided upon the following recommendation for 
linear grids *): 

The focus-grid distance limits are calculated on the basis of the nominal 
value of the ratio and the focusing distance of a grid, whereby 50 % loss 
on primary radiation is sustained at 15 em distance from the centre line of 
the grid, when an average lateral de-centring of the focus of 1 em is taken 
into account at the same time. 

These nominal focus-grid distance limits are to be marked by the manu
facturer on the grid, in addition to the indication of Nand /0. It is clear that It and 
/2 are not to be considered of value for all exposure conditions: in some cases 
one will accept a loss of more than 50 %, in others less. When a 30 X 40 film is 
used with its length perpendicular to the strip direction the film edges are at 20 
em from the centre line so that a greater loss or narrower limits are to be taken 
into account. On the other hand the radiation beam may be limited by means of 
the slot diaphragm. 

Yet the indication of /1 and 12 as determined above may be of more help for 
the radiologist than the indication of the ratio, which is misleading and obso
lete as yardstick for the contrast improving capacity, and of which the relation 
to the focus-grid distance limits is too complex for routine practice. 

As the 50 % loss condition will be used mostly ,the diagram of fig. 23 can be 
simplified by transforming the Llr lines into r=lines, see fig. 25. 
In this case the formulae for /1 and /2 are: 

/0 
/0 

I +~ 
2rc 

and /2 = _ .... _/0_ 
/0 
2rc 

1 

For parallel grids /0 00 and consequently /1 
When, according to the ICRU recommendations c 
/1 = 30 r. 

2rc and, of course, /2 00. 
15 then, for parallel grids 

When, moreover, a lateral de-centring of 1 em is taken into account, the 
focus-grid distance limits are narrowed by 1/15 on both sides. Then the nominal 
focus grid distance limits are (L = 50%, c = 15, b 1 em): 

*) The corresponding recommendation for cross grids will be treated in chapter 12. 
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Fig. 25. Determination of focus-grid distance limits (50% loss of primary radiation at 15 em 
distance from grid centre line and 1 em average lateral focus de-centring). 

Instructions (for the above example): 
Draw lines through intersection of 10 line (90 cm) with r line (12) and 
read 11 (77 em) and h (l12 em) on intersection of -. - lines with vertical - - -- line. 

/1 = 32 rf~ and /2 
30r+/o 

28 rfo 
30r- /0 

The values of/o,/1 andj2 will be rounded off to multiples of 5 up to 75 cm 
and to multiples of 10 from 80 cm upwards. The following table, VI, gives a 
survey of the order of magnitude of the nominal/I and /2 for various values of 
rand /0 (200 for values above 200 cm), for 50 % loss at 15 cm from the centre 
and a lateral de-centring of I cm. 

The focus-grid distance limits for cross grids will be discussed in section 12.2. 

Table VI 

/0 /1-/2 in cm 

cm r 3 r=6 r =9 r = 12 r 15 

60 40-170 50- 90 55- 75 55- 70 55- 65 
90 50-200 65-170 70-130 75-110 80-100 

120 55-200 75-200 90-200 100-170 100-150 
150 60-200 90-200 100-200 110-200 120-200 

00 90-200 180-200 unsuitable under 200 



7. EXPOSURE DATA FOR VARIOUS GRIDS 

7.1. Need of adequate information 

The increase of exposure times due to the use of a grid has always played an 
important role in the choice of a grid. In many cases radiologists refrain from 
using a heavy grid in view of the longer exposure times required at the same 
tube voltage (bucky factor) not only because of greater movement blurring 
with moving organs to be radiographed but also because of greater X-ray 
dose applied to the patient. 

Ever since the advent of medical radiography exposure tables for the vari
ous parts of the body have been employed. These tables originally comprised 
data suitable for a particular installation, and not until reliable control of the 
tube voltage had been achieved did the tables become more universally appli
cable. Reproducible and comparable voltages were obtainable in the apparatus 
after world war II, but even then only in those cases in which adequate allowance 
for any mains voltage drop had been made. 

Although most exposure tables indicate when a grid should be employed, they 
generally contain no detailed specification for the grid itself; in some charts a 
factor for grids of given ratios may be indicated by which the basic mAs
values (without grid) should be multiplied. Information of this kind would be 
of value only if it were a fact that the factors were the same for all grids of the 
same ratio, irrespective of object and exposure conditions. But such is not the 
case. For a grid of a given ratio, this bucky factor depends to a large extent on 
the strips density, the thickness of the object, the width of the beam, and the 
voltage. 

This factor B 1jTt has been determined in the measurements described in 
section 4.1.3, among others for the determination of the contrast improvement 
factor K = TpjTt TpB. 

Table VII gives a survey of the bucky factors for light grids and heavy grids 
at 60, 100 and 200 kV, determined with a wide beam in water phantom-thick
nesses of 10, 20 and 30 cm. 

Table VII 

Wcm H2O I 20 cm H2O 30cm H2O 

60kV 2·3 - 3·5 2-5 - 6-0 3·7 - 7·2 
lookV 2-1 - 3·2 2·5 - 5-0 3-0 - 6·6 
200kV 1-9-2'9 2'1-4-3 2·6 - 5-1 
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From this table it is clear that B is by no means a constant overall grid 
characteristic so that one nominal value cannot be used for determining the 
mAs required for a radiograph with grid, if this value is known when no grid 
is used. 

Other charts may prescribe a tube voltage increase for grids of given ratios, 
but such recommendations are unsuitable for nearly the same reasons as 
given above. 

It is also a fact that no general value can be attached to the recommendation 
to employ "coarse" or "fine" grids, since there are grids that require the same 
exposure times whether they contain relatively few (25), or many (40) strips 
per cm. 

It is perhaps surprising that the various recommendations for the use of 
grids have not introduced more difficulties into actual practice, but this may be 
due to the same fact that explained why the ratio was used as a measure for 
the contrast improving capacity of the grid (4.2.4.): as long as the various types 
of grids were of the same low ratio and strips density the exposure data did 
not differ much. Moreover, radiologists and radiographers have always been 
accustomed to correct their exposure tables according to their own experience 
and taste, without worrying too much about the reason of the differences. 

A great variety of grids of different types and designs have, however, become 
available and many X-ray diagnostic tables and stands are designed for use with 
interchangeable grids, so that the radiologist may today be forced into the 
same position as in earlier days: as soon as he starts using a new type of grid 
he may have to compile a new exposure table. 

Neither the indication of (an average value of) a bucky factor, nor that o/the 
ratio is a rational base for an adequate determination of the required exposure 
data. 

Fortunately the contrast improvement factor (section 4.1) can help us out of 
this difficulty. This factor proves to be not only of value because it constitutes 
a direct measure of the contrast improving capacity but also because it may be 
correlated in a simple way to the exposure data. 

7.2. Correlation of contrast improvement with exposure time 

This correlation came to light when the exposure times were incorporated in 
the contrast determination of the thirteen grids of the investigated series 
mentioned in section 4.1.3 within the voltage range of 60-200 kV. 

For this purpose first of all the exposure energy was measured, with the three 
30 X 30 cm2 water phantoms of 10, 20 and 30 em thickness, required for making 
an exposure with density 1·0 using calcium tungstate intensifying screens of 
average speed and with a rontgen film of average sensitivity which was de
veloped up to y 2. The tube current was chosen inversely proportional to 
the voltage so as to maintain a tube load of 4 kW (isowatt) for all exposures. 
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Fig. 26. Exposure times required for an exposure with density 1·0 as a function of the tube 
voltage. Calcium tungstate intensifying screens and film both of average sensitivity. 

Tube load 4 kW. 
1 without grid, 2 with lightest grid, 3 = with heaviest grid. 

a) for 10 em, (b) for 20 em and (c) for 30 em water phantom thickness. 

The X-ray tube was as described in section 3.2, page 6. The extra filter was 
0·5 mm Al + 0·05 mm eu throughout the voltage range; the choice of this 
filter will be disscussed in section 10.2. 

The results are shown in fig. 26. Each graph contains three lines; the line most 
to the left (l) refers to the measurements without grid. The two other lines 
(2) and (3) refer to the lightest and the heaviest grid respectively of the measuring 
series. The graphs concerning the other grids may be in between these two latter 
ones. 
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From these curves the bucky factor can be read at various voltages from the 
horizontal distance with respect to the curve "without grid" (1). 

On the vertical lines one can read off to what extent the voltage has to be 
increased when a grid is used, in order to obtain the same film density at equal 
tube load and exposure time. 

Furthermore, without using a grid the contrast was measured of a small 
aluminium object in the centre of the 10, 20 and 20 cm thick water phantoms, 
in the whole voltage range from 50 to 200 kV d.c. 

These measurements were carried out by means of the photocell after a 
conscientious test showing that this method gave reliable results for contrast 
measurements as well (cf. chapter 2). 

A similar series of contrast measurements was carried out with air as contrast 
object. 

Combining the contrast measurements without grid, the measurements shown 
in fig. 26, and the transmission measurements (Tp and Tt) mentioned in section 
3.4, the contrast was plotted for each grid as a function of the exposure time 
(logarithmic scales) required for obtaining a mean blackening of 1·0 at various 
voltages under the above mentioned working conditions. It was not necessary 
to measure explicitly the contrasts and exposure times for each grid because the 
contrast values without grid and the measured transmission values (the con
trast improvement factor respectively) could be used for this purpose. 

For 2 cm air in a 30 X 30 cm2 water phantom of 30 cm thickness the result is 
shown in fig. 27. The graphs for no grid, the lightest grid and the heaviest grid 
are drawn, the other grids are marked with their numerical sequence in the 
lead content range. 
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Fig. 27. Contrast C as a function of the exposure time from 60 to 200 kY. d.c. 
Bottom line, no grid; second line, lightest grid; top line, heaviest grid. 

Numbers 1 to 13 correspond to the grids used in the measurements, numbered in sequence 
of their lead content. 
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Here too, the bucky factor can be read in horizontal direction; the contrast 
improvement is displayed in vertical direction. Moreover the dependence of the 
contrast on the voltage is also clearly shown: the well-known fact that the 
contrast decreases at higher voltages. 
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Fig. 28. ContrastC a sa function of exposure time (4 kW d.c., density 1'0, gradation 2'0, wide 
beam) of 2 mm Al and 1 cm of air in water phantoms of 10, 20 and 30 cm thickness from 50 or 

60 kV to 200 kV; the sequence of the kV steps is indicated on the Jines at the bottom. 

In fig. 28 six of these graphs are shown for the three water phantom thick
nesses and with 2 mm Al and 1 cm air as contrast objects. One can see here that 
with aluminium the voltage dependence of the contrast is greater than with air 
(the absorption of aluminium is fairly comparable with bone structure)_ 

It is not astonishing that here again no important intersections of the curves 
for various grids are apparent: the heavier grids give higher contrasts through
out the whole voltage range. 

One exception is represented by the case of a 10 cm water phantom with Al as contrast 
object. The lines intersect, and it is found quite unexpectedly that at high voltages it is precisely 
the exposures without grid which yield the best contrast, whilst at low voltages the use of a 
grid is to be preferred. This case is, however, of academic interest only; the differences are 
negligible and this agrees with practical experiences, namely that in the case of "bone 
structure" in thin objects, the use of a grid is not indicated. 

Corresponding to the graphs in fig. 12, page 22 the contrast improvement 
sequence among the measured grids is, within the tolerances of observation, 
independent of voltage, phantom thickness and the nature of the contrast 
object. 

In fig. 27, as well as in fig. 12 it can be seen that the contrast improvement 
factors for six of the thirteen grids differ only slightly. The Kn values for these 
grids are 1·85, 1-95, 1-95, 2'lO, 2·lO, and 2'lO, respectively, the differences being 
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within the limits of visual perceptibility. All these grids belong to the group of 
light grids, with lead contents of 150-380 IL. 

But this is not the only property which these grids have in common. As may 
be seen from fig. 27 the exposure times at the same voltage, tube load and film 
blackening, even with 30 cm water phantom do not differ much from a mean 
value (the only slight exception is the cross grid No.2). The fact that the results 
with all these grids are in conformity could offer an explanation why only vague 
indications for the use of grids are given in most exposure tables, as they may 
have been derived from measurements with grids perhaps varying in type, but 
all belonging to the "light group". 

As appears from table VII and fig. 27 heavier grids may require exposure times 
twice as long as those required for lighter grids at the same voltage. This is not a 
constant factor, however, and such a big increase in the exposure time is, more
over, often unacceptable. 

7.3 Compensation of the increase of exposure times by higher tube voltages 

From figs 26, 27 and 28, however, it can be seen that this increase of the expo
sure times with heavy grids compared with light grids may be compensated for 
by a voltage increase, and fig. 28 shows that thereby only a small part of the 
contrast improvement need be sacrified. 

Now it is a fortunate fact that these voltage increases depend to a considerably 
smaller degree on the object thickness than the bucky factor, and that with
in reasonable limits they are simply and linearly related to the contrast im
provement factor Kn; this is particularly the case if cross grids be excluded 
from the comparison. 

The measurements with eleven linear grids using 10, 20 and 30 cm water 
phantoms (30 X 30 cm2) are given in fig. 29, the required voltage for exposures 
with grid being given as a function of Kn and compared with the values 
obtained at 50, 60, 80 and 100 kV without grid (on the extreme left). The 
graph in fig. 29 has been constructed on the basis of the measurements 
described in the earlier parts, in which the bucky factors and the relationship 
between mAs and kV were obtained with equal tube load and the same 
blackening. 

As regards the deviations from the straight-line average of the individual 
values (denoted by the symbols X,· and for the three different thicknesses 
(broken lines in fig. 29) it should be remembered that voltage differences corre
sponding to a reduction or increase by about 25 % of the mAs values cause no 
appreciable difference in film blackening. This tolerance is indicated by the 
fully-drawn lines in fig. 29. 

The (approximate) independence of the voltage increase with respect to 
object thickness, in spite of the fact that the bucky factor requiring compen
sation is greater with thicker objects, can be explaining by of the exponential 
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Fig. 29. Tube voltage (d.c.) as a function of the contrast improvement factor Kn for equal 
exposure times, tube load and film blackening for eleven linear grids (vertical lines) at dif
ferent thickness of a 30 x 30 cm2 water phantom. 
Denominations: x 10 cm water phantom 
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- - - Average for all object thicknesses 
Tolerance lines corresponding to 25 % shorter and longer exposure times than the 
average values. 

character of the absorption. 
When therefore the value of Kn of a heavy grid is known, it becomes possible 

with the aid of a simple, rectilinear graph (fig. 29) and an exposure table com
piled for light grids, to determine the voltage to be applied with a h~avy grid 
in order to obtain equal film blackening with the same exposure times and 
tube loads as given for the light grids. Figure 30 is even more suitable for this 
purpose, since lines are drawn in round numbers from 50 to 140 kV for light 
grids (Kn 2-0). For the sake of completeness, the corresponding voltages for 
exposures without grid are also indicated, on the extreme left of this 
diagram. 
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given exposure times and film blackening. The averages for all object thicknesses are indi-
cated by - - - - for equal tube load (kW) and for equal tube current (rnA). 

The broken lines in figs 29 and 30 apply to constant tube loads (isowatt), and 
are therefore suitable for operating the roentgen tube under full load. At the 
higher voltages required for exposures with a heavier grid, the tube current 
has to be reduced proportionally in order to maintain the tube load 



-51 

constant. It is evident, on the other hand, that if the voltage increase required 
for a heavier grid can be applied with the same tube current and yet 'lVithout 
endangering the tube through overloading, a smaller voltage increase will 
suffice. In such a case the fully-drawn lines in fig. 30 apply. 

The graphs in figs 29 and 30 are based on measurements with d.c. voltages. 
When pulsating voltages are used, the voltage increase required for exposures 
'lVith grid will differ, but the differences in voltage increments between light grids, 
with Kn = 2·0, and heavier grids, e.g. with Kn 3'0, are not so great as to 
require a different graph. 

7.4. Standardization of exposure tables 

The correlation between exposure time increases by various types of grids 
and their contrast improvement factors enable uniformity to be attained between 
exposure tables as far as the use of grids is concerned. As soon as the recommen
dations ofICRU 1962 find general application concerning mentioning the Kn 
value in the grid specifications, the exposure times or the mAs values could be 
mentioned in all charts and tables for grids 'lVith Kn 2·0 0.2 irrespective of 
their ratio or strips density. 

For heavier grids fig. 30 could then be applied and the requisite voltage 
increase obtained by drawing vertical lines corresponding to the Kn-values of 
the grids in question. 

Let us take, for example, the heaviest grid in our measuring series (13), 
which has the following specification: 

N = 27/em , r = 15 , fl- fo- f2 80 90 100 em 

V 850!l. Kn 3·0 

Here the boldly printed values indicate the properties that must be known for 
day-to-day work, the other values being only of secondary importance. 

The verticalline (Kn = 3'0, to the right in fig. 30) applies to this grid and 
indicates the recommended alternative tube voltages: 
instead of a light grid (Kn = 2·0) 

at 50 60 80 100 120 kV 

one should choose 54 65 90 119 152 kV for constant tube load 

and 53 64 86 109 133 kV for constant tube current. 

Increasing the voltage when using a heavier grid is by far no generally ac
cepted technique in clinical practice. There is still a widely spread opinion in 
common practice that for a given case (part of the body, of a given thickness) a 
fixed voltage is indicated irrespective of the grid specification; on the other hand 
for chest radiographs generally higher voltages are used for heavier grids, while 
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in many clinics where the results with various grids are concientiously studied 
higher voltages are used more often for heavier grids. 

The three radiographs reproduced at the beginning of this thesis demonstrate 
the result of the use of a heavy grid with the same tube load (kW) and the same 
exposure time (sec) and the required voltages (70 kV without grid, No.1, 100 
kV with grid, No.2), compared with an exposure with grid at the same 
voltage (70 kV) as applied without grid but with a four times longer ex
posure time (No.3). 



8. HIGH VOLTAGE TECHNIQUE 

One of the most important conclusions which may be drawn from the graphs 
in fig. 28 page 47. refer to the higher voltages. (cf. Wachsmann c.s., 1952, 33), 
Gajewski, 1954,6) and Frick, c.s., 1955,5). 

Firstly, there is no remarkable change to be seen in the curves as far as contrast 
is concerned. Secondly the gain in exposure times is considerably smaller 
from 150 kV to 200 kV than in the lower voltage ranges. Therefore the great 
sacrifices which are connected with the voltage range from ISO to 200 k V (large 
and cumbersome constructions, high costs) do not seem worthwhile. 

The gain (reduction-) factors for exposure times at equal tube load (kW), 
derived from the graphs of fig. 26, are evaluated in the following table VIII, 
(anticipating what vvill follow about dose considerations, in the next chapter, 
the dose reduction factors are mentioned as well): 

Table VIII 

phantom thickness 
10 30 

cmH20 

voltage range, d.c. 
60-100 100-150 150-200 60-100 100-150 150-200 

kV 

exposure time 6·5 2·5 1-3 19 4·4 1·8 

exposure dose 
3·3 1·6 1·2 11 3·2 1'6 

free-in-air 

incident energy I 1·8 1·2 1·0 6·2 2·4 1·2 

As regards the loss of contrast, a study of fig. 28 will disclose the recognized 
fact that the loss of contrast of an "air" object is considerably smaller than that 
of a bone object, and that this is especially the case with thin objects. This ex
plains why the advocates of the use of high voltages are chiefly met with in the 
field of lung radiography. In addition to the gain in exposure time and dose 
there is the greater loss of contrast in the bone structure, causing the well .. 
known "transparency" of the ribs, which in the opinion of some radiologists 
counterbalances the (slighter) loss of contrast in the air-filled tissues. 

The graphs give no evidence for the contrast conditions when using heavy 
contrast media such as iodine and barium. In these cases the loss of contrast 
due to high voltages is often less important than the reduction of the exposure 
time. Here again the heaviest grid is to be recommended. 



9. LIMITING CONSIDERATIONS 

When dealing with radiographs where the areas with low filmblackening play 
an important role, e.g. in chest pictures, it should be remembered that the 
measurements have been carried out by means of a photomultiplier tube which 
picks up the light emitted by a fluorescent screen irradiated by X-rays. 

This measurement is only applicable as long as the linear part of the film
blackening curve is concerned. Only in that case is the gradation y constant; 
this is the condition in the formulea of fig. 6, page 13. Only under this 
condition can it be said that the heavier grids entail better contrasts. 

On the other hand, especially with chest pictures, but with some other parts 
of the body as well, an important part of the surface of the radiographs shows 
low densities which are in the lower, curved part of the film blackening curve. 
Here due to the logarithmic character of the film blackening - a reduc
tion of scattered radiation does not improve the contrast as much as is 
the case in the linear part ofthe film curve, the formulea in section 4.1.1 do not 
hold for these "underexposed" parts of the radiograph. The result is that in 
such cases a (heavy) grid, with high absorption of the scattered radiation is not 
always recommendable and that consequently lighter grids, asking for lower 
voltages, will be preferred. It is even conceivable that in a few cases no grid at all 
is given preference, cf. Reiss, 1963, 26). 

Further it may be recalled that all the graphs in this thesis, dealing with ex
posuretimes, are based on a filmblackening 1·0 obtained by irradiation of homo
geneous waterphantoms. The small contrast objects do not influence the average 
filmdensity. In medical radiographs, however, the shadows of bone structure 
and air inclusions may playa predominant role in the choice of the exposure 
times. This may cause and explain considerable deviations in practice from the 
rules found by physical experiments with simple (water-) phantoms. Here the 
experience and the taste of the radiologist will prevail; in these cases the rules 
can only serve as a guide. 

The same restriction holds for the conclusions in the dose considerations in 
the next chapter. 



10. DOSE CONSIDERATIONS 

10.1. Measurements free-in-air 

Although the dose applied to the patient does not playa predominant role 
in radiography, where the primary interest is in obtaining pictures with maxi
mum perceptibility of details, an increasing interest is taken in dose consider
ations, especially when heavy grids, with unavoidable high bucky factors, are 
to be taken into account. 

For those who are accustomed to use the same voltage, irrespective of the type 
of grid, the bucky factor entails an equally large increase of the dose, and those 
who increase the voltage when using a heavier grid are afraid of an increase of 
the dose as well. 

Therefore it is important to have a clear survey of how the dose is related to 
contrast improvement, with various types of grids under various exposure 
conditions. 

In view of these interests exposure dose measurements expressed in rontgens *) 
have been carried out during all transmission measurements described above. 
These exposure doses were determined free-in-air at 50 cm distance from the 
focus; by that time, 1958, the knowledge and instrumentation concerning volume 
dose and integral (absorbed) dose described in section 10.3 were not yet sufficiently 
available. All these measurements were carried out with 0·5 mm Al 0·05 mm 
eu added filters, the same filtration as used with all earlier described measure
ments. They enable us to obtain a good insight into the correlation between 
contrast, exposure time, voltage and dose, cf. Wachsmann c.s., 1962, 34). 

For this purpose two isodose lines have been drawn in the grid lines for a 
30-cm water phantom with air contrast in fig. 28 . 

It will be seen that when a heavier grid is chosen in order to obtain better 
contrast at a given exposure time, not only must the voltage be raised (e.g. 
from 75 to 110 kV), but also a higher dose (2500 mR instead of 1400) applied. It 
will, moreover, be found that with the same heavy grid and at the same dose, 
a shorter exposure time is obtained (0'8 instead of 1·6 sec) when the voltage is 
still further raised, up to 125 kV, and one is satisfied with a slightly smaller 
gain in contrast. 

A more complete idea of the effect of grids on the dose is obtained when 
plotting the contrast as a function of the exposure dose instead of a as function 
ofthe exposure time (fig. 31). 

*) According to the 1962 ICRU deeisions the symbol for the unit of the exposure (dose) has 
been changed from r into R. Moreover in these deeisions the expression exposure dose has 

been changed into exposure. In this thesis, however, the denomination exposure dose is main
tained in order to avoid confusion with the more colloquial meaning in which the word 
exposure is used. 
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Fig. 31. Contrast as a function of exposure dose measured at 50 em distance from the tube 
focus. Tube load 4 kW, d.c., film density 1'0, film gradation 2'0, wide beam, inherent 

filtration 2 mm Al (at 60 kV), added filter 0·5 mm Al + 0·05 Cu . 

. In this case, too, the lO-cm water phantom with aluminium contrast forms an exception; 
the three lines again intersect, so that in the case of thin objects with "bone structure" the 
best contrast is obtained with the same exposure dose at high voltages without a grid and at 
low voltages with a grid. This phenomenon again is of minor importance because with these 
objects the exposure dose applied is small in any case, and,a fortiori, the differences in exposure 
dose are practically negligible in the case of different grids. 

From the curves of fig. 31 one can determine the voltage increase required for 
obtaining a radiograph with a (heavier) grid with the same exposure dose free
in-air as without a grid or with a light grid. It has already been mentioned that 
these voltage increases are higher than those required for radiographs with equal 
exposure times. We will come back to this subject in section 10.3 where the 
integral doses are considered. 

10.2 Various filters 

The equipment used for the measurements described above presented a 
welcome opportunity to include the influence of various filters on contrasts, ex
posure times and especially exposure doses under the varying exposure conditions: 
phantom thickness and voltage. 

Whereas the preceding measurements, plotted in fig. 31 were carried out with 
an added filtration of 0·5 mm Al + 0·05 mm Cu similar measurements were 
carried out with a thinner filter (1 mm AI) and a thicker one (0· 5 mm Al + 
+ 0·2 mm Cu). In fig. 32 these measurements are given for a 20-cm water 
phantom, no grid, light grid and heavy grid for contrast objects of 2 mm Al and 
1 cm air; in fig. 32a as a function of the exposure time, in fig. 32b as a function 
of the exposure dose, corresponding to figs 28 and 31, respectively. 
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Fig. 32. Contrast as a function of exposure time and exposure dose with various added filters. 

It is interesting to see in fig. 32b that within the entire voltage range from 
50 to 200 kV the three corresponding lines (no grid, light grid and heavy grid) 
almost cOIncide, but are shifted in their own direction. 

In the case of radiographs of a given object, for which the voltage is so chosen 
that the film blackening 1·0 is obtained with a given exposure dose, almost the 
same contrast is achieved with different filters. A thinner filter then calls for a 
higher voltage and a shorter exposure time. 

The well-known rules for the use of filters in diagnostic radiology (heavier 
filters for higher voltages) achieve a decrease in exposure dose at the expense 
of loss of contrast and longer exposure time. 

10.3. Integral absorbed dose, incident energy 

The exposure dose measured free-in-air, expressed in rontgens and discussed 
in the above sections is, however, not the only important dose value in radio
graphy; the corresponding skin dose which is approximatlely proportional to 
the exposure dose, is not of great importance when making radiographs be
cause it is. only a small part of the permissible skin dose. 

More importance is attached to the volume dose which is the exposure dose 
integrated over the irradiated volume under consideration, expressed in rontgen 
liters, cf. Feddema and Oosterkamp, 1953,4) and Zieler, 1961,38). 
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More significant, however, may be the integral dose, a concept first described 
by Mayneord, 1940,15), cf. also Neboschew and Schott, 1959, 18), now called 
integral absorbed dose, which is the amount of radiation energy imparted to 
the body of the patient; it can be expressed in gram rads or kg rads (1 rad 
100 erg/gram, 1 kgrad = 105 erg = 1/100 joule or watt sec 10 milliwatt
sec). It is more significant, because it may be more closely related to the bio
logical radiation hazard than is the skin dose and the volume dose. 

Determination of the integral absorbed dose is, however, a complicated 
matter - cf. Mayneord, 15) and Feddema and Oosterkamp, 4) due, among 
other things, to the varying fraction of the incident radiation that leaves the 
irradiated part of the body and to the dependence of the relation between the 
integral absorbed dose and the usually measured exposure dose (in rontgens) 
on the quality (half-value layer) of the radiation. 

It is much easier to measure the total incident radiation energy delivered by 
the X-ray tube and passed through the shutters of the tube diaphragm, cf. 
N6boschew and Schott, 18). This energy directed on to the part of the body to 
be radiographed is greater than the corresponding integral absorbed dose, 
because a part of the incident primary radiation will emerge from the body, 
either transmitted directly or - in all directions - as scattered radiation. The 
quantitative relation between this incident energy and the integral absorbed 
dose depends on the X-ray quality and the actual radiographic geometrical 
conditions. When the X-ray beam is adequately limited to the width of the object 
it may be assumed that 10 to 50 % of the incident energy is emerging from the 
patient, cf. Zieler, 38). 

In this field more elaborate measurements have to be carried out in order to 
complete our relevant quantitative knowledge. Although in consequence the 
difference between the integral absorbed dose and the incident energy cannot be 
neglected under all conditions it seems admissible, for a fairly good approxi
mation of a study of the influence of the use of a grid on the integral absorbed 
dose, to consider that influence on the incident energy. In each case where ex
posures with and without a grid or with various grids, are compared the relative 
amount of not-absorbed radiation will be practically the same. 

When at a certain distance from the tube focus (50 cm in the case of our 13 
measured grids in fig. 31) the exposure dose R is measured free-in-air and expres
sed in rontgens, the cross section of the beam is A (in cm2), and the half-value 
layers (HVL) of the radiation for all the voltages of the measuring range are 
known, the incident energy E can be calculated: E 87·7 RAP/fLen erg-cf. 
Neboschew 18) and Reinsma, 1960, 23) - where P is the density of the air 
in the ionization chamber of the dosemeter and fLen the linear energy absorp
tion coefficient of the air at the HVL of the radiation under consideration. 
Thereby we assume that the radiation is evenly distributed over the whole 
cross section of the beam. 
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A better measuring method for the incident energy is to use a special wide, fiat, twin
ionization chamber, placed in front of the shutters, which can transmit the widest 
occurring beam. Such a chamber can be combined with an integrating meter in such a 
way, that it takes the variation of 1'-.nlp with the radiation quality automatically into 
account (Reinsma 23), compare also Morgan, 1961, 17) and Wachsmann, 1962, 34). 

In fig. 33 the contrast-versus-exposure dose curves of fig. 31 are transformed 
into contrast-versus incident energy curves under the same exposure conditions, 
cf. Hondius Boldingh, 1964, 8). 

When drawing up this diagram the following factors, table IX, are applied 
(A = 254 cm2 at 50 cm distance from the tube focus, where the exposure 
doses were measured) cf. Reinsma 23): 

Table IX 

tube voltage HVL in AI 10 7 cm2/g Ws/cm2R 
energy/expo-

d.c. kV I 87·7 pi /ken 
sure dose 

mm fien/ p mWsjR 

50 1·8 0·180 488 12·4 
60 2·5 0'1l5 762 19·3 
75 3·4 0·085 1030 26·2 

100 4·1 0·065 1350 34·3 
125 4·8 0·055 1590 40'5 
150 5·4 0·048 1830 46·5 
200 6-3 0·040 2190 56-0 
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10.4. Compensation of the increase of incident energies by higher voltages 

From the curves of fig. 33 too, it can be concluded that the heavier grids 
give considerably better contra"t - for thick phantoms than light grids, at 
the same incident energy, but that therefore higher voltages are to be applied. 

Due to these higher voltages generally a small part only, of the contrast im
provement that would be obtained at unchanged voltage is sacrified. This pro
cedure should be well considered by those who reject the use of heavy grids 
because of the high~r dose, compared with lighter grids or no grid, at the same 
voltage. 

If sufficiently high voltages are not available, a lighter grid should be chosen 
when the dose with the heavy grid at maximum voltage would be too high; 
above 125 kV hardly any reduction of the incident energy can be obtained, 
however, except with thick objects. 

The voltage increases required for obtaining equal integral absorbed doses 
are greater than for equal exposure doses, which latter are already greater than 
the voltage increases required for equal exposure times (see figs 28 and 31). This 
is shown again in an example in the right-top graph of fig. 33, starting from the 
75-kV point on the curve for light grids. . 

In table X the corresponding comparative data are given (wide beam,30 x 30 
cm water phantom, 30 cm thick, 100 cm focus-film distance, film blackening 
1'0, film gradation 2·0, constant tube load 4 kW. Contrast object: 2 mm Al 
in the middle of the phantom. 

Table X 

tube vol- exposure incident 
exposure conditions tage d.c. time energy contrast 

kV sec mWs 

no grid 75 1-6 40 0-015 
equal light grid 

" 
4·5 120 0·03 

voltage heavy grid 
" 

10 250 0·06 

equal no grid 64 4·5 70 0·02 
exposure light grid 75 

" 
120 0-03 

time heavy grid 86 
" 

160 0·055 

equal no grid 55 10 120 0·025 
incident light grid 75 4·5 

" 
0·03 

energy heavy grid 95 2·8 
" 

0·045 
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The voltage increases in this table are practically independent of the phantom 
thickness (cf. section 7.3). 

The incident energies are calculated, using the values of table IX (exposure 
doses measured free-in-air at 50 cm distance from the tube focus). 

All these data - with the exception of the contrast - are, of course, inde
pendent of the thickness and the material of the (small) contrast object. 

The contrast values given in the last column relate to a 2-mm Al contrast 
object. 

1.0 
no grid 

2.0 

kV 

~--~-------------------+~---41M 

Q) 

~ 
~~~--~--------~~---4--~roog 

~ 
't-< 

~~~~ ____ ~~ ________ ~~~ 1 

2.0 
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3.0 
heavy 

Fig. 34. Tube voltage (kV) as a function of the contrast improvement factor of linear grids, for 
radiographs of the same objcct, with equal average film blackening and equal tube load. 

---- for equal incident energies 
- - for equal exposure times. 
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For smaller beam diameters different values will be found for all columns of 
table X. 

In fig. 34 a rough impression is given of the voltage increases, as a function 
ofthe contrast improvement factor, when using heavy grids for obtaining equal 
incident energies, as against light grids. For comparison, dotted lines are 
added for the voltages required for equal exposure times. This diagram may be 
compared with fig. 30 (concerning equal exposure times). 

The conclusion concerning the influence of extra filtration on the doses 
discussed in section 10.2 holds good for the incident energy and for the integral 
absorbed dose as well. 



11. THE CHOICE OF A GRID 

11.1. Practical factors limiting maximum contrast improvement 

Reverting to the preceding chapters we can now conclude by establishing 
rules for the choice of grids for various practical working conditions where 
optimum contrast is required. (cf. Hondius Boldingh, 1960,10). 

Here the following question has to be answered: Why cannot the same grid 
always be used, namely the one which has the greatest contrast improvement 
factor? 

In chapter 5 it has already been stated that the greatest contrast improvement 
can be obtained with a grid with a low strips density N and a high ratio r (cf. 
figs 20a and b). These constructional characteristics mitigate, however, in 
many cases against practical requirements which are dictated by the field of 
applications. 

11.2. Stationary or moving grids 

In the first place it is clear that in the case of a stationary grid a high value of 
N must be chosen in order to reduce the visibility of the strip shadows. On the 
other hand according to chapter 5 a small number of strips is to be recommended 
when using an efficiently designed mechanism for moving the grid. 

The conception that a large number of strips per cm is required with a moving grid, for 
radiographs with very short exposure times must be considered obsolete. Nowadays there are, 
in fact, mechanisms for moving the grid which, even with exposure times of 0·003 sec, pro
duce no grid lines whatever on the radiograph. 

It is only in the case of stationary grids that a large number of strips per cm 
should be chosen; their number will then be determined by balancing, according 
to personal taste, the effect of the ever-present gridshadow lines against the 
unavoidable irregularities appearing in the radiographic picture of the grid and 
increasing with higher strips density. 

11.3. Focus-grid distance limits 

If in this way the number of strips per unit length has been chosen in ac
cordance with practical demands, the next question is why the highest obtainable 
value of the ratio is not always chosen. In chapter 6 it was already mentioned 
that the position of the grid with respect to the tube focus was important and 
that deviations from the focussed position are to be kept within limits depending 
on beam width and ratio. 

Keeping in mind that once the required strips density has been determined, 
the ratio should be chosen as high as possible, the range of focus-grid distances 
required for a certain group of radiographic cases, e.g. gastro-interstinal radio-
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graphy,is imperative for the ratio which is admissible for this field of application. 
Together with the maximum occurring beam width (in the direction perpen
dicular to the strips of the linear grid) they are imperati ve for the determination 
of the maximum admissible ratio. 

This ratio can be read from the graph of fig. 23 where the most favourable 
focusing distance between the given limits can also be found. Of course these 
findings will not always be in accordance with commercially available grid 
types but here too, reasonable tolerances are admissible. 

11.4. Contrast improvement factor 

Although, as is discussed in chapter 4, the combination of the characteristics 
Nand r is generally determinative for the contrast improving capacity, it is still 
worthwhile to compare the specified value of Kn between various grids which 
may be available for the above described requirements, and to choose the grid 
with the highest Kn value or, when equal Kn values occur, the grid with the 
lowest ratio, i.e. the widest focus-grid distance limits. 

11.5. Bucky factor and dose increase 

The last characteristic to be considered after N,ll -12 and r is the bucky factor. 
It is unavoidable that a certain Kn value is connected with a certain B value, 

as Kn BnTp. 
As Tp does not differ considerably between various grids of a given lead con

tent, there will be no great difference between the relation of K and B. 

11.6. Voltage limitation 

As is described in chapters 7 and 10, B and the interconnected increased dose 
can be compensated by a voltage increase with only a small loss of contrast 
improvement. 

It may be stated therefore that one should never refrain from choosing a 
higher Kn-value for the mere reason that this factor is connected with a high 
bucky factor. 

The maximum voltage obtainable with the available high voltage generator, 
however, may limit this compensation, so that exposure times and doses might 
be too high when using the heaviest grid applicable within the above 
requirements for Nand r. 

Therefore, with lower powered generators it may occur that in difficult cases 
a lighter grid may be preferred in order to obtain smaller exposure times and 
doses, of course at the cost of smaller contrast. 

If interchangeable grids can be used this procedure should only be followed 
for the above-mentioned difficult cases. Under all other conditions the heavier 
grids can be used where the available voltage is high enough for obtaining the 
required short exposure times. 
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Fig. 35. Choice of an X-ray grid in connection with the maximum voltage of the available X-ray 
apparatus. 

11 shortest exposure time obtainable for a certain ease at the highest available voltage with the 
heaviest available grid; for lower voltages this grid is to be preferred. 

t2 ditto for the lightest available grid; this grid should be used only for exposure times between 
tl and 12. 

13 ditto without grid; no grid should be used in cases where exposure times between 12 and 
13 are required. 

This procedure is shown in fig. 35 where the thick line indicates the "working 
characteristic" for interchangeable grids. 
fI is the shortest exposure time obtainable for a certain case at the highest 

available voltage, with the heaviest available grid; for lower voltages this 
grid is to be preferred. 

12 is ditto for the lightest available grid; this grid should be used only for 
exposure times between f1 and 12. 

t3 is ditto without grid; no grid should be used in cases where exposure times 
between t2 and 13 are required. 
This consideration is a still stronger argument for using the expression "heavy 

grid" instead of "high voltage grid" "(Hartstrahl" Raster) than that mentioned in 
section 4.1.4, conclusion (a), because in the above case (voltage limitation) the 
lighter grids are only used at the highest obtainable voltage. 

The only restriction for this rule are the limiting considerations in chapter 9 
for radiographs with important parts of low blackening. 



12. CROSS GRIDS 

12.1. General considerations 

A cross grid is composed of two linear grids each with the same focusing 
distance and built together in such a way that the directions of their strips form 
an angle. When the angle is 90°, which is generally the case, the cross grid is 
called orthogonal. 

Although this crossing of two linear grids seems a rather efficient way to 
obtain selective absorption of scattered radiation, such grids are seldom used. 
To understand this we shall compare the different properties of the two types. 

It is obvious that the contrast improving capacity of the cross grid is better 
than that of each of the composing grids, ,but this is not a fair comparison. A 
more reasonable approach is to compare a cross grid with a linear grid having 
the same constructional properties, with the exception that the strips are twice 
as high as those of the composing elements of the cross grid, so that both types 
have the same lead content. 

Still better is to compare the contrast improving capacities of a cross grid 
and a linear grid which have the same focus-grid distance limits; this is the 
same procedure as is to be followed when comparing linear grids (cf. fig. 18). 

Unfortunately, during the measurements described in this thesis, the author 
did not dispose of a sufficiently large quantity of cross grids required for a 
systematic investigation. Only two widely differing types Nos 2 and 9 in table II, 
page 16, were measured. Therefore the following is based more on theoretical 
than on empirical considerations. 

12.2. Focus-grid distance limits 

In section 6.8 nominal focus-grid distance limits for linear grids have been so 
defined that, with the focus located at either of these limits, a 50 % loss ofprimary 
radiation can be calculated at 15 cm distance from the centre line of the grid 
when, simultaneously, an average lateral de-centring of the focus of I em is 
taken into account. Apart from the sman extra loss due to this lateral de
centring, which is constant over the whole image area (section 6.2), the losses due 
to vertical de-centring are proportional to the distance c from the centre line 
of the grid. Thus, in a rectangle representing a 30 x 40 cm2 image, one can draw 
vertical lines of equal losses of 30 % and 40 % when the loss at the IS-cm edge is 
50 % (see fig. 36a). The exact position of these lines can be deterrninedw ith the 
aid of the graph represented in fig. 23. 

For cross grids the lines of equal losses are, of course, quite different. This is 
demonstrated in fig. 36b. 

When two identical grids are built together at an angle of90" and the focus-grid 
distance limits of the composing grids are so chosen that the loss in one grid 
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c B c 
12 

Fig. 36. Distribution of the loss of primary radiation on a 30 x 40 cm film with the tube focus 
at the focus-grid distance limit. 
(a) Linear grid with 50 % loss in A: 

0-30 % loss over 60 % of total area 
30-40% " 20% " 
40-50%" " 20%" " 

(b) Cross grid with 50% loss at A: prohibitive 
(c) Cross grid with 25 % loss at A: 

0-30 % loss over 55 % of total area 
30-40%" " 36%" 
40-50% " 9% " 

(with vertical strips) in A is 50% (cf. fig. 36a), the loss for the cross grid in A is 
50 % as well, because A is in the centre line of the other linear grid, (with hori
zontal strips) where the loss is zero. 

At point B the loss for the first above-mentioned composing grid is zero, 
whereas for other grid it is (20/15) X 50 % = t-

At the coniers C of the first grid the loss is equal to that at A, viz. 50 %, 
whereas in the second grid the loss is 50 % of the remaining t part transmitted 
by the first grid in B. Consequently only t of the primary radiation is left at 
C: the loss is t = 83 %, which is prohibitive. 

If, however, for the cross grid 25 % loss at A were chosen instead of 50 %, the 
remaining part at A would be 75 % = t; the loss at B would then be (20/15) 
X 25 % = t, so that * would remain. At C t * = t would remain, i.e. 
a loss of only 50 % would appear at the corners. The complete curves of equal 
losses can be calculated accordingly (fig. 36c) by using the graph of fig. 23, 
page 38, whereby the extra loss due to lateral decentring of 1 cm, in one direction 
only, is to be taken into account. 

It is incontestable that the more or less circular shape of these curves is more 
attractive than the vertical lines for the linear grids in fig. 36a. 

Comparing figs 36a and c and the surface areas mentioned in the subscript, 
where the losses between 0 to 30 %, 30 to 40 %, and 40 to 50 % are given, the 
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conclusion is that the condition "25 % loss at A" for determining the nominal 
focus-grid distance limits of a cross grid is fairly equivalent to the "50 % loss" 
definition for linear grids. ICRU has adopted this point of view in their 1962 
recommendations. 

This 25 % loss condition for cross grids besides the 50 % condition for linear 
grids entails that, all other constructional data (N, d and D) being the same, the 
height of the strips of the composing grids of the cross grid should be half that of 
the linear grid with the same focus-grid distance limits. Consequently the ratio 
of the composing grids should be half the ratio of the corresponding linear grid, 
and the total lead content of both types should be the same. As, according to 
the ICRU recommendations, the ratio of a cross grid shall be written r = 2 xa 
when each composing grid has the ratio a, this ratio 2 x a of the cross grid is 
comparable to the ratio 2a of a linear grid with the same nominal focus-grid 
distance limits. 

This has the additional advantage that for determining the focus-grid distance 
limits of cross grids, the same formulae can be applied as for linear grids 
(section 6.8, page 40) provided that for cross grids double the ratio of the com
posing grids is taken into account. Consequently, the same diagram (fig. 25, 
page 42) can also be used for their graphical determination. 

An important question to be discussed now is whether there is a difference in 
contrast improving capacity between the cross grid and the linear grid with equal 
focus-grid distance limits. 

This point will be treated theoretically in the following two sections. 

12.3. Transmission of scattered radiation 

Assuming that the lead in the cross grid is efficiently distributed - which 
will be discussed in the next section - it can be said that fundamentally the 
scattered radiation will be absorbed better in a cross grid than in a linear grid 
with the same lead content and the same ("total") ratio. 

Whereas the scatter emerging obliquely from the object will be absorbed 
practically equally in both types, due to the equallead content, the "peak" 
radiation which is not absorbed by the lead strips of the composing linear grids 
(fig. 14, page 25) will be absorbed for a greater part in the cross grid by the 
second, crossing, grid although for each composing grid alone the peak will be 
wider due to the lower ratio. 

A rough example (under the supposition of isotropic radiation distribution) 
may explain this: in the case that the "peak" radiation of a composing grid is 
20 % of the total scatter, the corresponding peak of the linear gd d with double 
ratio will be approx. 10 %. With the cross grid, however, the remaining peak will 
be approx. 6 % (20 % of 20 % Ofi7T = 217 %). 
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12.4. Transmission of primary radiation 

Apart from this small advantage of the cross grid, with respect to the ab
sorption of scattered radiation, we will now compare the transmission of the 
primary radiation with both types when the focus-distance range and lead con
tent are equal. 

In order to find the optimum condition for the primary transmission of an 
orthogonal cross grid with a given lead content we follow the same procedure as 
for the linear grid in section 5.3, page 27. 

1 
When the strip thickness is d, the strips density N = 

D 
the strip height 

of each of the composing grids h and their specific lead volume V = Ndh, then: 

D = l/N- d = (1- Nd)/N . 

• The part of the cross grid surface not covered by lead is 

D2 

(D + d)2 
N2D2 = (1 - Nd)2. 

The transmission through the interspacer is e-2p.h, so that the transmission of 
the cross grid is (1 Nd)2e-2p.h. This is the square of the transmission of each 
composing grid (cf. section 5.3) (Tp)2. Hence the optimum condition is the 
same as for Tp , so that it is proved that the optimum orthogonal cross grid should 
be composed of two optimum linear grids. 

The resulting primary absorption of the cross grid will then be 
(Tp max)2 (1 Vp,V)2 e-2Vp.v R:; (1 V~V)4 R:; 1- 4Vp,V (cf. section 5.3). 
On the other hand, the corresponding linear grid with the same focus-grid 
distance limits and the same lead content V' = 2 V and h' 2h, has not opti
mum primary transmission. For this condition h' opt should be VV' / p, = 

V2V/~ = h V2 which is lower than 2h; T'max for this lower linear grid is 
Tp.max R:; (1 ~')2 R:; 1- 2Vp,V' 1 2V2~V, which is larger than for 
the cross grid. 

Here an advantage of the linear grid is apparent because the optimum linear 
grid has the same lead content and a larger primary transmission than the cross 
grid (this advantage is, however, partly offset by a greater Ts in cases where the 
ratio is lowered byond 8). So the linear grid will have a better contrast improving 
capacity, and an approx. V2 times lower ratio and hence a considerably 
wider focus-grid distance range. Ceteris paribus, one could have a linear grid 
with the same focus-grid distance range and a still higher contrast improvement 
factor. 

The tolerance latitude described in section 5.6 holds good, of course, for the 
constructional details of cross grids as well as for those of linear grids. 
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12.5. Rucky factor 

Cross grids have the reputation of having high bucky factors. As long as this 
is due to a large absorption of scattered radiation which has to be replaced by 
more primary radiation in accordance with better contrast improvement this 
disadvantage is inevitable. In this case the increase of the exposure times is 
equal to the bucky factors of linear grids with the same lead content. 

If, however, the bucky factor is higher due to a greater absorption of pri
mary radiation as described in the foregoing paragraph, this increase is a specific 
disadvantage of the cross grid compared with the linear grid. 

In the graph of fig. 27, page 46, it can be seen that the cross grids Nos 2 and 9 
have indeed, for all voltages, a relatively high bucky factor (longer exposure 
times) than linear grids with corresponding lead content. 

As for No.2, this higher bucky factor is not the pricet 0 be paid for a better 
contrast improvement. This can be read from fig. 12 and table II, where linear grid 
No.1, which is nearly identical to each of the composing grids of No. 2, has the 
same contrast improvement factor as this cross grid. 

On the other hand, the contrast improvement factor of cross grid No.9 which 
is composed of two Nos 3 has a favourable Kn-value compared with a linear 
grid of the same lead content. 

But, as already stated, these two grids are insufficient for drawing general 
conclusions. 

12.6. Fading out of strip shadows 

Cross grids with rather low numbers of strips per cm are more frequently 
applied for stationary use than corresponding linear grids. The shadows of the 
crossed strips, which sometimes may be seen as points only, are less disturbing 
in an X-ray image than the lines due to a stationary linear grid with the same 
strips density in each composing element. This is an advantage of the cross grid 
because it permits the stationary use of relatively heavy grids. 

On the other hand a complete fading out of the strip shadows of a cross grid 
by means of a movement mechanism is more difficult than with linear grids. A 
comprehensive study of this subject has been made by Mattsson 14). He pointed 
out that contrary to a statement of Potter in 1920 22) and to general opinion up 
till 1955, it is possible to fade out the shadows of the crossing lead strips com
pletely by means of a normal movement mechanism, provided that the cross 
grid be placed at an angle, defined by the constructional characteristics (D and 
d) of the composing linear grids. For this purpose the cross grid is accordingly 
to be cut rectangularly at the required angle. 

This proposition, however, has never been practically applied on a com", 
mercial scale, probably because in practice cross grids as such do not compare 
favourably enough with modern linear grids in up to date movement mecha-

It 
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nisms. This may be in accordance with the theoretical considerations discussed 
in the foregoing paragraphs. 

12.7. Limitations of nse 

It will be obvious that in cases where the X-ray beam is directed obliquely 
onto the grid as is e.g. often the case in skull radiography and, partly, during the 
swinging motion of the X-ray tube in tomography, the cross grid cannot be 
used. 

12.S. Conclusions concerning cross grids 

The advantages and disadvantages of cross grids compared with linear grids 
may be summarized in the following way: 

Advantages are: 
a slightly better absorption of scattered radiation, and 
a more attractive distribution of the losses due to de-centred focus positions. 
Disadvantages are: 
a lower transmission of primary radiation causing a higher bucky factor, 
a more difficult fading out of the strip shadows, and 
exclusion of all oblique beam techniques. 
The author is of the opinion that the balance of these pros and cons for cross 

grids has not yet been sufficiently investigated and tested in practice. 



13. ABSORBING MATERIALS OTHER THAN LEAD 

13.1. General considerations 

It is a remarkable fact that the material lead originally used!by Bucky for his 
grid has been applied in practically all grids up to now. 

It is, however, not astonishing that attempts have been made to use other 
materials having a higher specific weight and/or different atomic numbers 

and so having a higher absorption for X-rays per unit thickness - than lead 
or presenting special technological advantages. It is to be considered thereby 
that each material shows a discontinuity in its absorption curve as a function of 
the wavelength: the K-absorption edge. This wavelength can be expressed by a 
characteristic quantum energy in electron volts, above which a sudden increase 
of the absorption occurs. 

This absorption discontinuity which appears for lead at 88 keV, does not, 
however, show itself clearly in practice since the radiation in the beam has a 
continuous spectrum so that no marked irregularity is to be seen in the overall 
("effective") absorption as a function of the voltage. This can be seen in the 
curves of fig. 28 showing the contrasts in the range from 60-200 kV with lead 
grids and in fig. 9 where the contrast improvement factors are given as a function 
of the voltage. 

13.2. Uranium 

In 1959 Ter-Pogossian and Ledin 30) published an article about uranium used 
as absorbing material for grids. 

This element is indeed very favourable for this purpose as it can be obtained 
in solid sheet metal form, with a specific weight of about 19 (lead 11'3) and an 
atomic number of 92 (lead 82). The authors compared the relative absorption 
of uranium and lead in the energy range from 22 to 130 keY with thick filters 
and they found that uranium could be 2·5 to 1·6 times thinner than lead for the 
same absorption. 

This fact can be used advantageously for making grids with a more favourable 
combination of the strips density, the ratio (focus-grid distance range) and the 
contrast improvement factor. 

For example more and thinner strips per cm can be obtained at equal rand 
K, or lower ratio r and thus a larger focus-grid distance range, at equal Njcm 
and K, or better contrast improvement at equal N fcm and r can be achieved. 

The greater improvement at lower voltages, 2·5 against 1·6 at higher voltage, 
can be explained by the shorter wavelength of the K-absOIption discon
tinuity of uranium compared with that of lead. 

In spite of these favourable possibilities of uranium no grids of this type have 
so far been made available in practice, which is probably due to the very high 
cost of sheet uranium. 
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Fig. 37. Characteristic curves of a grid with tungsten strips (W, 200mgfcm2, riO) and of a 

grid with lead strips (Pb, 300 mg/cm2, r = 10). 
13.3. Tungsten 

With tungsten, which has a lower atomic number than lead, viz. 74, it is 
mainly the higher specific weight and the lower characteristic quantum energy 
which bring this element into consideration for use in grids. 

It proved to be useful, according to Reiss, 1961,25), for making grids for a 
special field of radiographic application. This author reported about a tungsten 
grid with 50 strips per cm, which can be used stationary without showing dis
turbing strip shadows and which has a rather low ratio so that it could be used 
advantageously in cases where moving the grid is impossible and ~entring the 
focus to the grid difficult. 

As pointed out in previous chapters these two characteristics, great N, small 
r, are associated with a low contrast improving capacity. Nevertheless, for the 
above-mentioned cases application of this type of grid may be interesting. 

The difference in characteristic quantum energy between lead and tungsten 
does not come to light in practice as may be seen in fig. 37, where two curves are 
shown of the contrast improvement factor as a function of the voltage, one of a 
grid with lead strips (300 mg/cm2) and one of an experimental "tungsten" grid 
(200 mg/cm2) both having ratio r 10 *). These curves run practically parallel: 
there is no indication of any difference in voltage dependence. This means that 
the Kn-value of a grid with tungsten strips is representative for the overall 
contrast improving capacity to the same extent as this is the case with "lead" 
grids. 

*) Unpublished information of Philips' X-ray laboratory. 



14. OTHER THAN ORGANIC INTERSPACING MATERIAL 

From the formulae discussed in preceding chapters the conclusion could 
easily be drawn that the best grids could be made by employing interspacer with 
the lowest absorption coefficients. 

Yet it is a matter of fact that grids with aluminium interspacer have already 
been in use in practice for decades and that they stand comparison with grids 
having organic interspacer. 

Originally grids with aluminium interspacer were available only with very low 
ratio and low lead content (see table II page 16). In these cases perhaps the 
argument in favour of aluminium interspacer suggested by Ledin, 1952, 12), holds 
good: the scattered rays are softer than the primary rays and therefore, they 
should be selectively absorbed in the aluminium better than in organic inter
spacer. This supposed advantage of aluminium, however, can only playa mark
ed role when a noticeable part of the scatter passes through the interspacer 
without hitting the lead strips. This is in fact only the case with very low ratios. 

On the other h}lnd, nowadays grids with AI interspacer are available with 
ratio 8. Here the selective absorption of scattered rays by the aluminium 
must be negligible. In this case a reasonable comparison is made by measuring 
the contrast improvement factors and bucky factors of two grids, one with 
organic and one with aluminium interspacer, both having the same strips 
density and the same ratio and thus the same field of application. 

Theoretically the grid with aluminium interspacer will have a smaller Tp and 
therefore a smallerKn and a greater Bn-value. It is possible, however, that the 
manufacturing accuracy mentioned in section 5.4 might be better than with 
organic interspacer and that this should balance the disadvantage of the larger 
absorption of primary radiation in the aluminium. Such a manufacturing 
accuracy demonstrates itself with these grids by a great uniformity of the strip 
shadows when it is used stationary. 



15. GRID LABELING AND SPECIFICATION 

This thesis may be concluded by mentioning that the ICRU, after having 
settled the definitions and measuring method of the characteristic properties of 
the grids, has issued recommendations for unification of their labeling and speci
fication, to be provided by the manufacturers. 

This will enable the users of grids to .make a rational choice of grid when 
purchasing an X-ray diagnostic table or stand, and, in daily practice, to choose a 
grid for special purposes with facilities for interchanging grids in a bucky. 

15.1. Labeling 

Only those characteristics are recommended for grid labeling, which are 
related to the requirements of the field of application: 

the number of strips per em (inch) N 
the focusing distance /0 
the focus-grid distance limits /1 and /2 
/0 and /1 and /2 to be rounded off 

to multiples of 5 cm (2") up to 75 cm (30"), and 
to multiples of 10 cm (4") from 80 cm (32/!) upwards. 

The bucky factor is not recommended for grid labeling; this is to avoid misin
terpretation due to its great dependence on exposure conditions. 

It is recommended that /0 and /1 and /2 be stated both in cm and inches and 
that the tube side of the grid be indicated by a stylized image of an X-ray tube. 
The central line should also be marked on the tube side of the grid. For cross 
grids the central point should be marked by a +. 

When an absorbing material other than lead is used this could be indicated 
by the chemical symbol of the elements involved, e.g. W or U. 

15.2. Further grid specification 

For grid specification in printed matter the same items as recommended for 
grid labeling are to be mentioned first. Furthermore, the Kn-value should be 
specified. All other values, such as r, V, Bn, I, Tp and Ts, measured under the 
standardized conditions: 100 kV d.c. and 20 cm water phantom thickness, wide 
beam, may be added. If additional specification values for other than these 
recommended measuring conditions are given e.g. different voltages and phan
tom thicknesses, the values mentioned in chapter 3: 50, 60, 75, 100, 125 and 
150 kV d.c. and 10, 20 and 30 cm H20 should be used. 

In order to avoid misinterpretation of the given values the limitations men
tioned in chapter 9 could be stressed. The given values are suitable for the 
comparison and choice of grids with respect to their application but they 
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neither express strict limits nor absolute quality values, applicable to the 
numerous and diverging conditions of medical practice. 

It could, for example, be explained that for narrower beams the focus-grid 
distance limits are considerably wider than the specified values /1 and /2, 

15.3. Concluding remark 

The grid laoeling according to these recommendations could be adopted and 
introduced immediately by all manufacturers, as the items concerned are 
nominal values, based on nominal geometric grid properties. 

On the other hand, it will take some time before the further specification 
values, except the ratio r, and the absorber content V, will be measured all 
over the world in the way recommended by the ICRU and described in this 
thesis. It is advisable that manufacturers check the measuring results obtained 
on mutually exchanged grids in order to ensure that the values specified in 
future printed matter will be reliably comparable. 



-77-

UTERATURE REFERENCES 

1) Bierman, A. and Hondius Boldingh, W.: 
The relation between tension and exposure times in radiography. 

Acta RadioL 35 (1951), 22. 
2) Bonenkamp, J. G. and Hondius Boldingh, W.: 

See 7). 
3) Bucky, G.: 

Dber die Ausschaltung der im Objekt entstehenden Sekundarstrahlen bei Rontgen
aufnahmen. 

Verh. dtsch. Rontg-Ges. 9, (1913), 30. 
4) Feddema, J. and Oosterkamp, W. J.: 

Volume Doses in Diagnostic Radiology. 
Modern trends in diagnostic radiology (second series), Butterworth, London, 
(1953), 37. 

5) Frick, W,. Gajewski, H., Wachsmann, F. and Buchheim, c.: 
Vergleichende Untersuchungen liber die praktische Bedeutung der Hartstrahlteehnik 
fUr Lungenaufnahmen. 

Fortsehr. Rontgenstr. 83 (1955), 330. 
6) Gajewski, H.: 

Physikalische und aufnahme tcchnisehe Gesiehtspunkte bei Rontgenaufnahmen mit 
hohen Spannungen. 

Fortschr. Rontgenstr. 80 (1954), 642. 
7) Bonenkamp, J. G. and Hondius Boldingh, W.: 

Quality and Choice of Potter Bucky grids. 
I. A new method for the unambiguous determination of the quality of a grid. 

Acta Radiol. 51 (1959), 479. 
II. Application of the criterion of quality to various types of grids. 

Ibid. 52 (1959), 149. 
III. Choice of a Bucky Grid. 

Ibid 56 (1959), 241. 
S) Hondius Boldingh, W.: 

Quality and choice of Potter Bucky grids. 
IV. Focus-grid distance limits. 
V. The contrast improvement factor. 

Acta Radiol. 55, (1961), 225. 
VI. Exposure data for various grids. 

Ibid 52 (1961), 203. 
VII. The influence of the use of a grid on the integral absorbed dose. 

Ibid. Submitted May 1962, to be published in 1964. 
9) Hondius Boldingh, W.: 

Grafische Ermittlung der Verluste an Primarstrahlung infolge unrichtiger Zentrie
rung und Bewegung von Streustrahlenblenden. 

Fortschr. Rontgenstr. 89 (1958), 233. 
10) Hondius Boldingh, W.: 

The rational choice of an X-ray grid. 
Medicamundi 6 (1960), 115. 

11) ICRU 
Report of the International Commission on Radiological Units and Measurements, 
lOf 1962. Methodes of Evaluating Radiological Equipment and Materials. 

National Bureau of Standards, Handbook 89, issued Aug. 1963. 
Government Printing Office, Washington 25, D.C. 

12) Ledin, S.: 
The physical background of contrast in rontgenograms with special regard to scattered 
radiation. 

Thesis Stockholm 1952. 
13) Lindblom, K.: 

Secondary screening by means of filtering. 
Acta Radiol. 15 (1934), 620. 

14) Ma ttsson, 0.: 
Practical photographic problems in radiography. 

Acta Radiol. Suppl. 120 (1955), 85. 



-78-

15) Mayneord, W. V.: 
Energy absorption. 

British Journal of Radiology 13 (1940) 235. 
16) Morgan, R. H.: 

Analysis of the physical factors controlling the diagnostic quality of rontgen images. 
Amer. J. Roentgenol. 54 (1945), 128 and 55 (1946), 70. 

17) Morgan, R. H.: 
The Measurement of Radiant Energy Levels in Diagnostic Rontgenology. 

Radiology 76 (1961) 867. 
18) Neboschew, A. and Schott, 0.: 

Zur Oberwachung der Patientenbelastung wiihrend der Rontgen Durchleuchtung. 
Rontgenbliitter 12 (1959) 244. 

19) Nemet, A., Cox, W. F. and Hills, T. H.: 
The contrast problem in high kilovoltage medical radiography. 

Brit. J. Radiol. 26 (1953), 185. 
20) Oosterkamp, W. J.: 

Eliminating scattered radiation in medical X-ray photographs. 
Philips Tech. Rev. 8 (1946), 183. 

21) Payne-Scott, R.: 
The wavelength distribution of the scattered radiation in a medium traversed by a 
beam of X- or gamma-rays. 

Brit. J. Radiol. 10 (1937), 850. 
22) Potter, H.: 

The Bucky diaphragm principle applied to rontgenography. 
Amer. J. Roentgenol. 7 (1920), 292. 

23) Reinsma, K.: 
Dosemeters for measuring integral absorbed doses in medical X-ray diagnostic 
investigations. 

Centrex Publishing Company, Eindhoven (1962). 
24) Reiss, K. H.: 

Die physikalischen Grenzen der Beseitigung von Rontgenstrahlen durch Raster
blenden. 

Z. angew. Physik 11 (1959), 184. 
25) Reiss, K. H.: 

Wolfram-Viellinienraster, ein neues Hilfsmittel der Rontgendiagnostik. 
Rontgen- und Laboratoriumspraxis 14 (1961), 222. 

26) Reiss, K. H.: 
Scattered radiation and characteristic film curve. 

Radiology SO, (1963), 663. 
27) Seemann, H. E. and Splettstosser, H. R.: 

Some physical characteristics of Potter Bucky diaphragms. 
Radiology 62 (1954), 575. 

28) Seemann, H. E.: 
The effect of kilovoltage and grid ratio on subject contrast. 

Radiology 64 (1955), 572. 
29) Stanford, R. W., Moore, R. D. and Hills, T. H.: 

Comparative performance of grids in relation to their stated ratio. 
Brit. J. Radio!' 32 (1959), 106. 

30) Ter-Pogossian, M. and Ledin, S.: 
Uranium X-ray grids. 

Radiology 75 (1960), 797. 
31) De Waard, R. H.: 

Der Nutzeffekt von Streustrahlenblenden. 
Fortschr. Rontgenstr. 49 (1934), 415. 

32) De Waard, R. H.: 
Die Bedeutung der Selektivitat von Streustrahlenblenden f'tir die Kontraste im 
Rontgenbild, 

Fortschr. Rontgenstr. 50 (1934), 606. 
33) Wachsmann, F., Breuer, K. und Buchheim, E.: 

Grundlagen und Ergebnisse der Hartstrahltechnik. 
Fortschr. Rontgenstr. 76 (1952), 147. 



-79-

34) Wachsmann, F.: 
Probleme der Patienten Dosimetrie. 

RontgenbHitter 15 (1962), 113. 
35) Wilsey, R. B.: 

The intensity of scattered X-rays in radiography. 
Amer. J. Roentgenol. 8 (1921), 328. 

36) Wilsey, R. B.: 
The effects of scattered X-rays in radiography. 

Amer. J. Roentgenol. 8 (1921), 589. 
37) Wilsey, R. B.: 

The efficiency of the Potter Bucky diaphragm principle. 
Amer. J. Roentgenol. 9 (1922), 58. 

38) Zieler, E. 
Untersuchungen zur Bestimmung der Integraldosid in der Rontgendiagnostik. 

Forschr. Rontgenstr. 94 (1961) 248. 



TERMS AND SYMBOLS 

preferred according to ICRU recommendations 1962 

1. Scattered radiation are the X-rays generated in the object by the primary 

2. Grid 
Riintgengrid 
X-ray grid 
Scattered ray grid 

3. Stationary grid 
Moving grid 

radiation emitted by the X-ray tube. 
The often used expression "secondary radiation" is 
not adequate because on the one side it includes 
fluorescent radiation and on the other hand it does 
not include all scattered radiation such as tertiary 
X-rays, etc. 

In this thesis generally the word grid alone will be 
used, as here always the radiographic unit is meant. 

Stationary (not fixed) grids are used in front of, and 
touching the cassette or may comprise the front face of 
a cassette. 
Moving grids are mounted in a casing with a driving 
mechanism (see item 11). 

4. Linear grid X-ray grid composed of plane strips which are parallel 
to the direction of their largest dimension. It isfocused 
when the planes of the strips converge to a line parallel 
to the grid surface. It is called parallel when these planes 
are parallel. 

5. Cross grid Two linear grids built together in such a way, that the 
directions of their strips form an angle. When the 
angle is 90°, the cross grid is called orthogonal. 

6a. Central line The line of a focused linear grid, where the strip is 
perpendicular to the grid surface. In a parallel grid 
the centre line may mark the geometrical centre. 

6b. Central point The point of a focused cross grid where the strips are 
perpendicular to the grid surface. In a parallel grid, 
the central point may mark the geometrical centre. 

7a. Convergence line Virtual line of convergence of the planes of all strips of 
a focused linear grid. 
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7b. Convergence point Virtual point of convergence of the planes of all strips 
of a focused cross grid. 

8. Focusing distance 
symbolfo 

Distance between the convergence line or convergence 
point and the grid surface. The focusing distance of a 
parallel grid is 00. 

Instead of this term often the expressions focal- or 
focus distance are used but this is confusing in view 
of item 9. 

9. Focus-grid distance Perpendicular distance of the tube focus to the grid 
symbol f surface. 

10. Focus-grid distance These are the lower and upper limits between which the 
limits focus distance can be varied without losses of primary 

symbols fl and f2 radiation in excess of those described in chapter 6: for a 
linear grid 50% (for a cross grid 25%) at 15 cm 
distance from the central line of the"'" grid, taking into 
account a laterial decentring of the focus of 1 cm. 

11. Bucky 
Potter-Bucky 

12. Strips 

Radiographic accessory unit; apparatus including a 
driving mechanism to move the grid. 
not: Bucky diaphragm, because the word diaphragm 

is used for primary diaphragms, etc. 

Where not another material is indicated lead strips 
are meant. 

The word "lines" is avoided for the reason given 
under item 17. 

13. Interspace The space and the material between the strips. 
Interspace material 

14. Height of the strips 
symbol h 

15. Thickness of the strips 
symbol d 

16. Distance of the strips 
symbol D 



17. Strips density 
Number of strips 
per unit length 

symbol N 

18. Grid ratio 
symbol r 

19. Lead content 
symbolP 

82-

not strip density because this word might be used for 
the density of the lead in each strip. 
The number of strips is given in practice per em or per 
inch. In this thesis this number is given in cm-l unless it 
is especially mentioned that the number per inch is 
meant. 
The expression "strips density" is not included in the 
ICRU recommendations. 

In practice often the expression "lines" per em or 
inch is used but this is confusing because in optics 
and TV the "black" and "white" lines are counted 
together so that a two times larger numberis obtained. 

This is the height of the strips divided by their distance. 
r hiD. 
For cross grids the indication 2 x 6 means that it is 
composed of two equal linear grids with ratio 6. 

Contrary to previous publications and in conformity 
with the ICRU recommendations the lead content is 
expressed in lead weight per surface unit (g/cm2). 

When an absorbing material other than lead is used 
this will be indicated. 

19a. SpecificleadvolumeThis item, which is not incorporated in the ICRU 
symbol V recommendations, is used in this thesis in order to 

avoid in formulea the specific weight and the filling 
factor of the lead in the case were the strips are com
posed of solid lead. V = Ndh. 

20. Transmission 
symbolT 

The ratio of l' to I where If is the luminance produced 
by an intensifying screen after the X-rays have passed 
through the grid and I the luminance produced when 
no grid is pr esent. 

T = l' / I, expressed in percent. 
T p l' pi I p transmission of primary radiation. 
Ts If s/18 transmission of scattered radiation. 
Tt I't/1t = transmission of total radiation. 

For the sake of simplicity and in order to avoid con
fusion, the loss factor 1 Tp and 1 - Ts 1] = 
"efficiency" = "clean-up", are not used. 



21. Bucky factor 
symbolB 

22. Selectivity 
symbol 1: 

23. Contrast im
provement factor 

symbol K 

24. Index n 
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Total incident radiation divided by total transmitted 
radiatio~. 

B = /tlr t = IITt. 
Equivalent of the reciprocal value of the transmission 
of the total radiation. 

Transmission of primary radiation, divided by trans
mission of scattered radiation. 
1: = TpiTs. 

X-ray contrast with grid divided by X-ray contrast 
without grid. 
K = Tp/Tt TpB. 

Is used as a subscript for factors measured under the 
following conditions: 100 kV d.c., standardized X-ray 
source and water phantom of area 30 x30 cm2, 20 cm 
thick, as specified in section 4.1.4 page 17. 



A 

a 

a 

B 

Bn 
b 
b' 

f1 
C 
Co 

Cp 

c 
D 
d 
;) 

E 
e 
F 

/ 
/0 
/1 
/2 
Y 
HVL 
h 
hopt 

h90 

LIST OF SYMBOLS 

used in this thesis 

Cross section of X-ray beam 
intensity of scattered radiation Is 

intensity of primary radiation I p 

angle of emergence of X-rays 
limiting angle of X-rays emerging through two adjacent 

strips 
bucky factor = exposure time increase factor due to a 

grid 
bucky factor measured under standard conditions 
lateral de-centring of tube focus at focusing distance 
lateral de-centring of tube focus at focus-grid distance 

limits 
de-centring angle of a grid 
contrast for the case of a grid being used (with phantom) 
contrast for the case of a grid not being used (with 

phantom) 
contrast by primary radiation (without phantom) 
distance from centre line on grid surface 
distance of two adjacent strips, thickness of interspacer 
thickness of the strips 
reduction of effective strip distance due to de-centring 
incident energy 
basis of natural logarithm 
place of tube focus 
focus-grid distance 
focusing distance 
lower focus-grid distance limit 

upper" " " " 
maximum gradation of density curve of X-ray film 
half value layer 
height of strips 
height of strips for optimum primary transmission 
tolerance limit for h (Tp = 0·9 Tp max.) 

first in 
section 

10.3 

4.2.3 

5.2 

5.2 

3.4 
11.5 
6.2 

6.6 
6.2 
4.1 

4.1 
4.1.1 

6.4 
3.4 

4.1.3 
6.2 

10.3 
4.1.1 

6.2 
6.3 
6.2 
6.5 
6.5 
4.1 

10.3 
4.1.3 

5.3 
5.6 
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I Luminance produced by the detector screen 
irradiated by X-rays 

I' ditto 

10 ditto 

when no grid is present 

after the rays have passed through the grid 

irradiated by the primary radiation 
incident on the water phantom 

I p and I; ditto ditto 

2 

2 

4.1 

after passing through the water phantom 3.4 

Ipl andI;l ditto ditto ditto 
not passing through the object 

in the water phantom 4.1.1 

I p 2 and 1;2 ditto ditto ditto 
after passing through the object 

in the water phantom 4.1.1 

Is and I: ditto 
irradiated by the scattered radiation 

emerging from the water phantom 3.4 
It and I; ditto 

fa 
is 
K 
Kn 

irradiated by the total radiation 
emerging from the water phantom 

dark current of the photomultiplier tube 
signal current of the" " " 
contrast improvement factor of grid 

" " " " 
" under standardized 

exposure conditions 
contrast improvement factor of ideal grid 
contrast reduction factor of phantom 
loss of primary radiation due to de-centring of the focus 
ditto when the focus is at the lower focus-grid distance 

limit 
ditto when the focus is at the upper focus-grid distance 

limit 
thickness of the object in the water phantom 
linear absorption coefficient of interspacer 

" " "" water 
"" "" object in water phantom 
" energy absorption coefficient 

unit oflength (micrometer) used in cases where !k (micron) 
might cause confusion with the symbol !k for absorption 

3.4 
3.3 
3.3 

4.1.1 

4.1.4 
4.1.1 
4.1.1 

6.2 

6.4 

6.4 
4.1.1 

5.3 
4.1.1 
4.1.1 
10.3 



N 
n 

p 

p,q,r,s 

R 
r 

p 

Tp 90 

Ts 
Tt 
U 
V 
W 
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strips density, number of strips per unit length 
index for standard measuring conditions: 

100 kV d.c., 20 em water phantom thickness, wide beam 
lead content 
example lines for graphical determination of focus-grid 

distance limits 
exposure (dose) 
ratio 
density of the air in the ionization chamber of the dose

meter 
selectivity 

" under standard measuring conditions 
transmission of primary radiation 
maximum transmission of primary radiation at given V 

and {(-
tolerance value for Tp 0·9 Tp max 

transmission of scattered radiation 

" " total radiation 
uranium 
specific lead volume 
tungsten 

4.1.3 

4'1.4 
4.1.3 

6.5 
10.3 

4.2.4 

10.3 
4.2.3 
4.2.3 

3.4 

5.3 
3.4 
3.4 
3.4 

1.3.2 
4.1.3 
1.3.3 
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Kort levensbericht van W. Hondius Boldingh 

31 Oct. 1896 
Juli 1914 
1914-1918 
Sept. 1916 
1920-1923 

Juni 1921 
1922-1924 

1924-1954 

1954-1958 

geboren te Amsterdam. 
eindexamen 5 HBS te Bussum 
2!- jaar militaire dienst gedurende mobilisatie. 
ingeschreven aan de Technische Hogeschool te Delft. 
assistent aan de Technische Hogeschool te Delft 

(Prof. Jhr. Dr. G. J. Elias). 
diploma electrotechnisch ingenieur te Delft. 
technisch medewerker van Dr. D. H. Cocheret te Arnhem, 
importeur van Franse rontgen- en andere medische apparaten. 
achtereenvolgens ingenieur en hoofdingenieur bij de N.V. 
Philips' Gloeilampenfabrieken te Eindhoven, belast met onder
zoek aan- en ontwerp van rontgen- en andere apparaten voor 
hoge spanningen. 
Technisch adjunct-Directeur, Ieider van de ontwikkelings
afdelingen van de hoofdindustriegroep Rontgen- en andere 
Medische Apparaten der N.V. Philips' Gloeilampenfabrieken. 



STELLINGEN 

bij het proefschrift van W. Hondius Bo1dingh 

21 januari 1964 



I 

Het is wenselijk dat gegevens worden verzameld ten behoeve van een 
kwantitatieve beoordeling van het nut van strooistralenroosters bij waar
neming van rontgenbeelden met behulp van een 9 inch beeldversterker. 

II 

De toepassing van de contrastoverdrachtfunctie zal nog vee! kunnen bij
dragen tot de kennis van de detailwaarneembaarheid in het rontgenbeeld. 

III 

Hoe meer de electronica doordringt in de teehnieken voor het waarnemen 
van verschijnselen door middel van rontgenstralen hoe meer het wenselijk 
is dat de rontgenoloog vertrouwd geraakt met het begrip "ruis". 

IV 

Ten onreehte wordt in de rontgenologie de stereotomografie weinig of niet 
toegepast. 

v 

Het optimale vermogen van een hoogspanningsgenerator voor het maken 
van rontgenopnamen wordt verkregen bij een buisstroomsterkte die een 
verlies van ongeveer 1/6 van de nullastspanning veroorzaakt. 

VI 

Het is wenselijk dat de aetiviteiten op het gebied van standaardisatie in de 
rontgentechniek in verschillende delen van de wereld gebundeld worden in 
een centrale internationale instantie. 



VlI 

Bij technische laboratorium experimenten zou meer gebruik kunnen worden 
gemaakt van de vooruitgang van de statistische methorueken in het laatste 
decennium. 

VIII 

Het is nuttig voor de ontwerper van onconventionele apparaten om te be
schikken over vuistregels die hem in staat kunnen stellen zonder ingewikkel
de berekeningen uit te voeren een kwantitatief inzicht te verkrijgen omtrent 
te verwachten effecten. 

IX 

De thermische halveringstijdscontante van een elektrisch, met olie gevuld 
apparaat zonder speciale koelvoorzieningen is van de orde van een half uur 
per decimeter gemiddelde hoofdafmeting. 

X 

De pogingen om een goede oplossing te vinden voor het duidelijk zichtbaar 
maken van de ondertitels van het TV-beeld tegen een witte zowel als tegen 
een zwarte achtergrond dienen krachtig ondersteund te worden. 

XI 

Elke grote onderneming behoort beknopte archivarische maatregelen te 
nemen ten behoeve van eventueel later gewenste geschiedschrijving. 

XII 

Er is behoefte aan een kraan met exponentiele doorstromingsregeling, 
YO or huishoudelijk gebruik, b.Y. voor centrale Yerwarming, douche enz. 
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