EN, Berne.

CHRIST
3y Dr. TH 5 :
By o1 radiologys vz, tl.le quality and the

: Jsurements i hs = & I
IR distinct measure o ity RER that 1t 1s necessary
TEERR tTO‘ ays. More emCtly’d the radiant energy.
4 he I 4 5 ' nc 1 .
uantity of t ower 2 ese two que
:lne'lsure both the P"netraimgpqnce not to confound questiong, qy

met with even in recent literatyy

ne the penetrating power of a ra;,.

minium which it will penetrate, But
illimetr netrated will iney

f millimetres penetr .1 increage,

but also with the increage of

It is of the utmost 1131)0; Ld,is o
error which 18 often made, ea T
For instance, it is often ‘pr_npoi‘ : 6£ g
tion by the number of mllhmle 1(31-umber ;
1t 1s easy to understand that the 1 Sk dan
not only with Increase of the penetrat
the energy, or intensity of radiation. ; penetmting o g

n o D stion 0 POV

-der to separate the ques ‘ the |
t I't :veh 1muust always consider the percentage of the incident energy passiy
ensity,

uantity. If, for instane
through the absorbing substance, not t{le] (:1113:;}3:131 ’:lradiat?ron, th,e penetratin:
a given layer lets fl}l‘Ollgh mearhy the, “.( 1;1)1 absorbing material is nearly 109
power of that particular radiation for LASEDL: Imost completely absorbed
per cent. If, on the contrary, the 1':1dlart}on 183 e p ol
its penetrating power approaches zero. There are a - eb.l‘?els % 1; o 1£ll)l-l.ng
power between these two extremes, and the object ‘?f this a’tlc e 1s to esta _]Sh
a measure of penetrating power which shall be sufﬁmentl)‘/ accurate for practical
use, and entirely independent of the intensity of thg radiation. _
. The percentage of radiant energy penetrating a layer of absorbing
material depends on three factors:
1. - The penetrating power (or hardness) of the rays.
2. The nature of the material penetrated.,
3. The thickpess of the absorbing layer.

To simplify the problem we eliminate the second factor by choosing water
as the Sfan.dard.for all our measurements. In actual experiments we may either
use water itself or any other substance which has the same absorbing power.
q teIfl '3lleatsilllllﬁg_ -lihe i'lbsorp‘tmn,' we find that it is simpler in practice to
mein e“fnhme-- ?e. hic n'ess which will absorh 4 Slven percentage, than to deter-
e e, PR bl by st et ot i
i 15 bl i o %.lu ¥, we h.ave arbitrarily chosen 50 per cent
fore e thl'(':kneslge I;}e]:}at'l-atmg power of the radiation is there-

o% that layer of watr which absorbs just

50 per cent, of the incident eneroc.
T, energy, and lety the other 50 per cent. pass

The HALF-VALUE-LAYER for 4 7
by rab.s‘f_n'ptzon, reduces the energy :
It is easy to gee that this 1
way on the infengify
nore powerful thay
50 per cent., the pen

Leen radiation 4
of the ncident o
measure of

s that thickness of water u'/fffk»

adiation by exactly one-kai_f.

of the radiatioy Oihe l)eljet_l'nting power depends 11 no
he <o fadiation may be a hundred tmes

another, hut i
etmting’poll\t, ,.l.f t'i]-le Same layey of water reduces each DY
oL the tywg adiations ig the same.

e
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1

" the half-value-layer is an exact measure of the penetrating
b tively ind_f-;pendent of the intensity of the radiant energy. The
1 the radiation the greater its penetrating power, and the thicker its

EITY AND HETEROGENEITY.—The measurement of radiations by
alue-layer 1s of great advantage when dealing with the question of

, and even gives us some assistance in determining the degree
ty of any radiation. . -

~ And, firstly, as to homogeneous radiations. We
- know .that a homogeneous radiation is absorbed
accoro_hng to an exponential formula. If E, is the
quantity of incident eneroy and B the energy pass-

}i;‘g through the absorbent layer of thickness x, we
ave :

18— Ige @
wherein « is the co-efficient of absorption (see fig. 1)
and e the base of the Naperian logarithms.

If a be the half-value-layer, we know that for this

iayer (¢e. when z=a) B, will be twice B. There-
ore : :

e ©)
or

£l «.@ = nat. log. 2. (3)
2 (1) and (3) give

xponential formula may be written in two forms, either
the co-efficient of absorption as a characteristic, or (4),
hie conception of the half-value-layer,a. The relation of

yer measured by centimetres than of a co-efficient of absorp-
athematical abstraction measured in em™.  This is why we
half-value-layer for practical purposes.. |

HQWever, increase greatly when the radiafion considered is
> .We.are, however, bound to study t!le‘ que.st.l.on of non-
ns, because the radiations empl_u.yed n 1':1dwg1‘a_p_hy.nnd
mpound and often vary greatly m their compesition,:.
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: , ton: of such a beam by the co-eff. i

‘ the penetration 0==, : Cleng, ¢

.cat the question of : The formula for the absoryt; 8 :

To tw_lt q e wlTeateds The form 1-’5“1])tmn o i

of absorption becomes very ¢ol I % 3 i
heterogeneous radiation is given by o {
b e*'-l-‘-i-ln.ﬂ-"“zi'_",!_’s;‘rf_* St b

3 B 1 © & = 4

]:IJ = I‘L,o. b]_ 7= 1)2 + l—)ﬁ A GOBCaLGE \.“ g

f <o becomes much gimpler if we empl_oyl the graphic metly ;
s LORER : homogeneous radiation whose half-va],. |
Fio. 2 shows the absgorption of a ho 2 ; e, s
1g. = 8 The thicknesses of the absorbing layer-are shown as abscisgy .‘
er 1e thicknesse ne: abs s ssaie, 0
layer 18 @. as ordinates. We notice that the half-yaly, -

and the corresponding intensities

thicknesses are everywhere equal.
en 60 per cent.

are each equal to a.

The horizontal distance between 100 v,

1t. and 50 per cent., betwe and 30 per cent., and betweey 0
cent. & = :
per cent. and 25 per cent., etc.

100%

LA 60%

50%

30%
25%

L A
65%

Fig. 2
Absorption of a Homogeneous Radiation.

r . . . . . : b ik
The absorption of a non-homogeneous radiation shows a very different 3
m . . " '
graph. Thereader will remember the law of Roentgen,* that every additional §
layer of absorbing material increases the average penefrating power of the ¥
X-ray beam. This law of Roent ; - = Tie <
41 7:- v aw of Roentgen may also be stated as follows:—=" 4
deeper the X-ray beam penetrates into any absorling material, the greater® it g
half-value-layer. : : N
“We shall now consider Fig. 8. whi e of anon 8
homogene o Jt _1.151(1(.1 Fig. 3, which represents the absorption of 28
omo ous radiation, e S alk 3
- g] O ] )mpns:d of two homogeneous beams, Whose ol
value-layers are vespectively a* and a**, The first half-value-layer of the 8
2 '} (4 =\l e =

* It must be understood that, althongh the law
of X rays, this is not the only possible explanation
for the increase of the penetrating power by incre;asi

i
of Roentgen may be explained by the heterogen®
4 be explained by 1 other @

There may be—and probably are—sfi
ng the thickness of the absorbing layer:
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ion 18 the differe
nee |
1+ From 50 per = etween 100 per cent. and 50 per cent.;

to 25 S
- We see at once that ape' cent. we get the second half
At ]édli‘gg'leater than «;.  The thivd
5 per cent. is still larger than
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5, between 25 per

a*

\a**

Fig. 4.
~ Absorption of a Non-homogeneovs Radiation.

{0 a, we call the index of heterogenerty, h= —Cf In any homo-
1

. eas the more heterogeneous the

3,} WIH be the value of the Tidex A i Dakesion instance

VO componen’rs of the compound mdiation differ much more

‘the difference between @ * and o®* 1s much greater m Fig.
ve find the value of 7 in cach case, we geti A=1.05 In

s equal to unity, wher

as the index of heterogeneity in-

as_ oy even 4
tical valune, The

B . Btter to choose the ratio
1 ratlo m of most prac

xpe ence alone can show whwl
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~ completely every fluid.

Ay components of
judice, we say the radiof] s of the compound GRS T k) e
inorease. thety 1)enedt : adiotherapists want, to “hard 3 ket 1 01.1 4 (0
more exactl rating power. . Wa must, 1 Shigayaithetr g 08
ore exactly ; we should know how st, however, try to exp elve
or the half-value-layer, OW much we increage the pen -1)%“‘9"
2

s g 3
: + Sy b L, 3 : 3 L 1
R e !

s OF 7mHE ROENTGEI\’ RAY

VE ]
e of the half—value-laym- measuremen;
\dvantage ¢ can no longer speak of 4
e

liation W ;
- determined numbey
are an imde ber of gl

% . oits own different valy

co-efficient of absorpt onent of the beam having has a half-value ljly o
; . AnchE cOr DO fomicy CINTENE S B SRR S i
co-eﬂicwnts, T spooeneOus, 00 s radiati :
on, however elve to the heterogeneous 1‘1(]]‘“‘“]“’])1“ W

4) above 111

4 ; ; formula (1) : . whatever the compositic '

cannot, indeed, apply its 112111’-\.-111119-]11)'91, whatey H‘ S nlf a on of the

always determin® o o expcl.gmental]y the thicknes nat layer of
ation, by finding L amount of incident energy.

compound radi 50 per cent. t QS >
. 11 reduce by 50 peé : ¢ : v
water which will redu ) finity of compound radiations which ha\e all

There mays indeed, be an ‘m‘ e Cumpli(’“ted sum of components cany
the same half-value-layer, Jubt. d&l ‘i uity by & single figure, but this objectiy
possibly be expressed without (Tlxlij‘g:l;in'o‘ 2 compound beam. A given degreg
applies to all other methods of ]]'1'(%:1‘5\— ndblu S of compound radiations
L Webndlh 111'&.\."1{301}?5:11:)’(0 determine the degree of heterogeneit}:

2, 'l.‘he hul[-\.-aluc-iayer a (m‘e., 1) ‘H el o S e
by finding the index £k, which gives the _ yer
‘nereases as the beam becomes harder by ﬁltiratlon-

This index of heterogeneity % 18 of great importance, becuu'se .the probl.ems
of radiotherapy point to the need of the most homngeneons l‘adla-tlon.S ]é)ossﬂ)]e‘
and if gives us a practical method of determining by how far the radiation used
differs from the ideal. In the ideal homogeneous beam h = 1, whatever the
hardness of the rays used.

If we need greater accuracy, we can determine the whole series, aj, ag, o,
etc. . . . and from them plot the entire absorption curve of the beam.

T will not abuse the hospitality granted tome by the Editor of the ARCHIVES
to repeat the description of the different mstruments which have been devised
for meam.n-iug directly the half-value-layer. Let me rather give the details of
an experiment, easy to repeat, which seems to me ‘to change s omewhat our
views about the so-called “filtration” of X rays.

! O(;(_; used to r.hiulf that the hardening effect of the so-called *“ filters” con-
e n e hmnion o ot SR R
all soft rays or let,:ll the i'l;ll'd :1112;1 (ﬂ“(’t ft\){get gy cor 119‘-’531' }'em}m
filter the majority of soft rays and let '1151 = ] . Tetal only arrest ‘:ﬂthm tlle
hard rays, thereby increasi'ng the 131'01); )vst-a o5 z}tlx*elsy large proportion of the
radiation. The name “filter” is an 1;1 :1011 of hard rays in the compoult
“ilter ™. of the radiologist differs f unforfunate one, since the action of the

18 fundamentally from that of the “filter” ¢

g LT nUSt (610) l T I | as

We thus se€ b
1. With a nob- ause there

every 1-;1(.1i:1t1

can

These “filferg

4 are most,
eliminate the gofter

used by radiotherapists. -~ They )
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=

el .—mqst. used are sheets of aluminium, varying in thickness from:
eral millimetres.  We have also used aluminium for measuring the
ing pOwer of the rays, taking the absorbing power of aluminium as 10

e

sater than thf‘-t of water, 7Z.e., 1 mm. of aluminium absorbs as much
rays as 10 or 11 mm. of water.

ratio no longer holds good for rays which have passed through
llimetres of leumir.lium. To be convinced of this it will be sufficient
‘photographic action : we find that X rays, filtered through 3 mm.
1um, are equally absorbed by 1 mm, of aluminium, and by 7 or 8 mm.
of 10 or'll mn.].g of water. Tt follows that the filtering of X rays
"mm, of aluminiwm inereases therr penetrating power for water 30 per
n their penetrating power for aluminium.
majorify of hardness-scales (Benoist and its modifications by
,]li_n\elt)_are based on the absorption of the rays by two sheets,
_j;he other aluminium. The rays filtered through 3 mm. of
ve, however, gained in penetrating power, particularly for
his makes an exceptionally clear field behind the aluminium of

reason | use artificial amber or bakelite for all my scales, in-
mium, because this material has about the same absorbing

» must recognize that there is no such thing as a simple “fil-
st think of it as a kind of selective absorption. But for this

“diminish the intensity much more than it actually does. This
ed to discard the word “filter” and use “transformator” or
ad, saying that absorbent materials “harden” the rays, not

P r——

roblem of dosage is far more difficult than the measure-
'poWer. The dose is not the quantity of radiant energy
urface, but the energy absorbed by unit volume. With a
ergy hitting a surface, the amount of energy absorbed
sends still on the penetrating power of the rays, for the

e 1076 e ng 7t vays the less they are absorbed, and the smaller will be
i ) [ it wer ijssib]e to produce such ultra harq rays, thflt they would
$ ) thed at all, their biologic action would certainly be nil.

enter into our arguments the time, for we may get the
].% f energy absorbed by a feeble radiation as by ano-ther
SEIEE nore }”nga i‘f‘ul, -provi(‘led t]'lat f}le fOl‘lYlel' 18 ﬂOtlllg‘ fOl‘ thl‘ee t]mes

“intensity ”’ for the quantity of

e et ferm Ay
vity we use the If K be the incident

“on unit surface in unit time.




we get

An equation to be found ip ey
we find th
the value

AmNTGEN RA b
vk Do 05N
ABOE f the irradiated suyf,
: area oL U ace,
i o of irradiation; S the ) dng
r durafion |

energy, T the : r
1 the intensity B ;

[ == ,: rJ1 l')

{0}

% r-]-—:c— — I.J'l" (8)

S

1 Ale in radiometry, it hag 1
This fraction I plays a sather important role , T
118 1rac 1 == € - - |
face-energy (F]ﬁchenenergle), a.nd }s d-(ifllgnate d by th
P . |
B B fSll:TI?ICifl (8) we sce that this quantity 1 will have (i
letter F. FKrom for

1m or great Intensiti
f 1l intensities lasting a long time as ftm b’m i ‘lmﬁltles o
7 ‘O SIna r onstant value,
‘.lzlllute doulmstion provided that the product IF ]b{reto teimes i p:} oy lThe
shor ¢ . - ten a8 1 ;.
same result is,scen in photography : with a high ful e

t expose for only one tenth of the time to obtain the same photographic
must €2

effect. ; , ' |
What is it. 'then, that all our dosimeters measure, whether Sabouraud,
¢ ) £3d9

Bordier, Kienbéck, Schwarz, ete.? Is it‘._ this surface energ:y? At.fﬁ_rst s1ght
we should say yes, for all these test bodlo;s measu.re_the. produet o mtensify
and fime, since their colour changes with the intensity and the time of
exposure. But this cannot be true, for with the same quantity of radiant
energy much more is absorbed when the rays are softer. And we know that
the rays passing through it do not change the colour of the test body, buf only
those absorbed. ' 1
Considering our most usual test bodies, we find that there is always quife a
thin layer, the colouration of which indicates the quantity of radiant energy
absorbed. If we caleulate the amount of absorbed energy from formula (4

given the name

o )
Hig— =R (2 )
and since @ is very small, we may put
@
9l
V) e 9
7 log. 2

at the energy abso ‘bell‘_fr fext bO.D]{ of analysis. From (9) and (10)
@ b il layer, whose thickness s % U
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d is 8, the absorbing volume will be

The dose D, which we have defined ag the quantity of radiant energy

e

.d by unit of volume, must be

=E—-——_0—-E
| S (12)
(11) and (8)
T Ll SR | B8 o
S_(L 0.7 —-—'C-L-' 0.7 (13)

is t?hsz;y: ?’ﬁe dose s cqual lo seven tenths of the surface energy
e half-va ue-lftyer of the given radiation. (It is evident that this
_gorously applicable only to homogeneous radiations.) :

tfatigue my readers bﬁr further details. All these questions are
4 Qaited by my book, *“ Messung und Dosierung der Roentgen-
will only mention the following results :

ogeneous rays of given intensity the maximum dose at a depth p

ns that in order to make the best of the radiant energy available
therapy, we should choose rays of such penetrating power that
will be reduced by one half by a layer of water equal to the
the superposed tissues. The deep dose will then be approximately
‘half of the surface dose. (I say ‘“approximately” because by
ugh the superposed tissues the penetrating power of the rays in-
vhat, whereas the dose decreases. b5 3
pél‘iments have confirmed the predictions of those theorefic
e we could increase the penetrating power of the X rays, the
was our deep radiotherapy. The limit a=p has not yet been
_seated organs, such as the ovaries. We hope, in the near
t our disposal still harder rays. I do nofi doubt tha.t t_he
Wlll again diminish as soon as the penetrating power 18 In-

w
e

» test bodies really measure the
Here we must remember that
bsorbing power as the tissues.
not by @, but by another
asure the dose for the

) ﬁ‘l portant to know whether ou
ly of the penetrating power.

- ! ferials do not have the same 2
10 emust, therefore, denote their half-value-layers,
- | fa{]:i'ésé"test hodies, therefore, do not me

(13)

Il
==

=

=5
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5.'; : .“dose” < i
|__ bhut anothe: e %0. - (14)
i a 5
il ; ;.
" 1 = : ‘hich we deduce o* : {21
i ‘E { from W l)ﬁD*'_; (1-]) il
g ; 3

o be solved: I

: stion b
a big ques If so, there would be p,

t 1 i'aC 0l. |

T .. o oxcept for the air, which has to }
not be inclined to helieve it 18 Sé ionisation, guch as those of Szilay
considered in o} iusgufm illlltsfl?;:: q1$stions have not been sufficiently ex.

ann. ut ! . AV eT '

;l;dinzfd (izozsﬁll;l:f us to give a definite Jlldgl.néllt: a*I_I'O“(?(:r?;t"llz;f fso?l':lla? Te
oxo in possession of any. test body whose mde:\'T 18 ‘d t] . A tll nalf-
value-layers, that test body will measure t}}e dose indepen e%l . i] ) '118 ,peng.
trating power. We owe {0 Professor. Szilard one most excel ent 1dea, the
reduction. of our radiological dosage to well-known quantities of energy.
Szilard has proposed to define the unit of dose by the number of 1ons sef
free by a given irradiation. If I be allowed to complete this definifion, I
i should say that the dose should be measured by the number of ions sef iree
1 “2 one cubic centimetre of air. It seems absolutely necessary to make this
agditi{)mé %ince we have already defined the dose as the amount of energy
absorbed by unit volume.

as E‘h};eiejftm"viog;‘i‘zzg; hsemll::i'.‘tls ‘}ng taking f}gle mega-mega-ion, 7.e.. 10™ ions
At A, e normal atmo O CONC SRRl absorbed by 1 c.c. of diy

‘ spheric pressure.

likeI tio ;ﬁpcig:b& filtat ,thls idea o Szﬂm.d: will prove very useful, and I should
i The only (Iuestim; is“\ilcaté t.h[.)’ new umt, the mega-mega-ion, a * Sailnd”
amount of energy, in er ~]etI er 1t would not be better still to calculate the
e e g8, ¢ 14t 15 required to set free 10 ions. The unit of

¢ expressed by ergs per. cubic cenfimetre. .

In order to find
N . 'he (l 8 5 .
2‘?1 ard by the ratio of the l?i({f fx?-llhth? fissues, we must mulfiply the 0%
his ratio is assu value-layers of ajy g R jvely.
med by Szilard to b 800, 7 and of water respectVeL"
y L.e; one inch of water absorbs &

el e ) a8 800 111 'h : 1 1'em 1ms (0] 1]
l : : ; ches Of air, H’ St” 1 t I SlN)W 11 :
3 O W :

“applied, particularly ¢ : rhe 5, ;
It f’111) ]Cshlm ly for radiations of 1 EL ey correcting factors must B¢
ollows from thege ugh 1J‘e.net1'nting power

in value for b jire SUHCLS H: ‘ | | -
o e B, l}at 10 test hody whose index = chang® -
Hout applying tq i e i

mann hag showy t}, b eertain coppeof; 5 50t wionained, G
for silyey decroages sy 2
4868, whereag ],

There remains

all possible TayS of every

af al ) 2
hove g 8 yet undetermined.

ating power the half-Vﬂlue'my‘i{ |

b -

ncl'eaBBS. 'Here the quotien 'S':;'-

Certain pPenety
at foy Water |
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ow & sudden and considerable decreage.
odibly high lll:lmbel' of Kienbick units which 8
-~ red to have given without danger.

' is still another possibility to think of,
sorb engre{f every radiation that strike
power. »uch atest bod indic: . :

P urface energy F. Tt isy :;osliicliel&dmdte H‘Ot e doee; bu,? e %Tlt81181tyl
Madag e, 4T POS ab the * intensimeter ” of Fiirstenau
: 'gesl thlS-CO:[ldItIOIl; but decisive evidence is still wanted. The author
at._ the mstrum:ent must be exact because it satisfies the law of the
IS of the distance, but this is true of other instruments, and is no
aceuracy of measurement. Kvery carefully gauged scale satisfies the
the mverse square; 1t s the first condition for any radiometric apparatus.
alone does not suffice to show that a measurement is independent of the
power. The Sabouraud dise, with the Holzknecht scale, the Kien-
uneter, etc., all satisty also the law of the inverse square, .Sret their
very discordant if they ave compared for rays of different pene-
er. We see, then, that there is still an abundance of questions
ms to be solved before we can arrive at any system of measure
all our needs. Somuch the more must there be no delay in attack-
at fask of “supplying the urgent needs of the radiologist.
‘gelence is international, a number of scientists have agreed to start
1al Committee of Radiometry, to study these problems and finally
ablish international units of radiometry. There is to be an International
of Radiometry, which will have a double task : to furnish to the com-
experimental work necessary for establishing the international units,”
& and control all radiometric instruments sent to it. This will do
“that troublesome multitude of units and scales which are an ever-
lisance to our science. This institute will fulfil for radiometry
oful task which the International Institute at Sévres has done,
E "ﬁ‘

or lengths and weights.
fee of organisation has already b

submitted to the scientific societies of all countries, whose co-opera-

This fact explains the:
ome radiotherapists are

One may imagine test bodies
s them, whatever be its pene-

cen chosen, and its first report

.

mﬂispeusable.
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