
U. S. Deparhnent of Commerce 
National Bureau of Standards 

Research Paper RP1883 
Volume 40, May 1948 

Part of the Journal of Research of the National Bureau of Standards 

Absorption of X-Rays in Air 
By Frank H . Day and Lauriston S. Taylor 

Studies have been under taken to determine the absorption in air of X-rays produced 
by voltages from 10 to 200 kv (constant potential) for various ini tial filtrations. A free-air 
ion ization chamber on t r acks is used to obtain absorption data over a 150-cm distance . 
N o appreciable change in quali ty of X-rays is observed in t his distance because of the ail' 
absorp tion. H ence, for short distances, effective ail' absorpt ion coefficients fo r heterogeneous 
X -rays of var ious quali ties have been determined . 

1. Introduction 

The use, in recent years, of beryllium-window 
X-ray tubes with their high-intensity outputs of 
soft X-rays has developed a need for air-absorption 
corrections where distance is a factor in X -ray 
exposure measurements. Such, for example, is the 
case where the inverse-square law is used in 
computing the exposure at a point wh en the 
actual measurement is of necessity made at some 
other point . There is also need for corrections to be 
applied to the free-air type of ionization cham bel' 
du e to air absorption between the limiting dia
phragm of the chamber and th e front edge of the 
collector plates . Since the exposure rate is specifi ed 
in the phtIle of the limiting diaphragm, air-absorp
tion along the path between the diaphragm and the 
collector plate results in the r ea.dings of the 
cha.mber being too low. This distance in the case 
of the guarded-field free-air standard for calibra
tions up to 200 kv at the Bureau of Sta.ndards is 
21.1 em, and for unfiltered radiations produced at, 
sa.y, 50 kv, the necessary corrections may be 
considerable. 

II. Apparatus and Experimental 
Procedure 

A diagram of the experimental arrangement is 
shown in figure 1, wh ere a mobile, free-air
guard-plate ionization chamber is indicated. The 
opening in its lead shield is 10 cm in diameter . 
This opening is adequate to accommodate, at any 
point along the track, th e total area of X -rays 
determined by the fixed, limiting diaphragm, the 
diameter of which is 1.75 cm. The effective width 
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of the collector plates is 10.2 cm, and the diameter 
of the beam with the chamber in its farthest 
position from the tube (position B, fig . 1) is 6.5 cm . 
The intercIectrode separation is a fixed distance 
of 12.7 cm, and this is insufficient spacing to 
allow for the production and collection of all 
secondary electrons associated with a primary 
beam 6.5 cm in diameter. H ence, there is a slight 
loss of ionization, which earli er studies show does 
not exceed 101' 2 percent.l No correction has been 
applied for this loss. 

The charge collected in the ionization chamber 
at various points along the track is measured with 
a capacity compensator ancl string electrom eter 2 

with an accuracy of ± 1 percent. The exposure 
of the chamber is controlled by a t,imer operating 
a ~-in. lead shutler. The timer is actuated by 
an accurately controlled 60-cycle signal from the 
Radio Section of the Bureau of Standard s. 

Tungsten-target X -ray tubes with low inherent 
filtration are used in conjunction with various 
types and thicknesses of initial filtration. The 
term "initial filtration," as here used, r efers to 
filters of aluminum, copper, or lead introduced 
between the X -ray tube and the column of air 
over which air-absorption measurements are made. 
The window thickness of the cerium glass in one 
X -ray tube used is 1.29 mm and of the beryllium 
in another tube, 1.5 mm. 

Power supplied to the X-ray tube is furnished 
by a kenotron r ectifier with a resistance-capaci
tance filter incorporated to reduce the ripple to 

I Lauriston S. Taylor , George SingC/', and A. L . CharlioLl , Am. J . Roent. 
41, 256 (1939) . 

' Lauris ton S. 'r aylor, B S~J . R esearch 6, 80i (1931) RP306. 
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F IGURE 1. Experimental arrangement for ail' abs01'ption meaSltrements. 

0.05 p ercent per milliampere current drain. The 
t ube currents used are not in excess of 10 mao 

The voltage input to the rectifier units is con
stant to 0.25 percen t or better , th e 208-volt com
m ercial supply being fed tlu'ough a voltage 
stabilizer. The voltage to the rectifier units is 
th en varied by induction r egulator control. It is 
estimated that the absolute direct-current voltage 
applied to the X-ray tubes is known to an accuracy 
of 1 or 2 percen t. 

The filament voltage of the X -ray tubes is 
s tabilized by an electronic volt age stabilizer in the 
ground circuit feeding tlu'ough an insulating 
transformer. The output of the stabilizer is also 
manually controlled by an adjustable-ratio au to
transformer to reduce long-period fluctuations. 

In view of the above-describ ed stabilizat ion, the 
variation in quantity of X -ray output over a 
p eriod of exposure of 10 seconds or more is not 
grea ter than 0.5 percen t . This is also verified from 
previous experience on flu ctuations in X -ray out
put of this equipmen t, as determined by the 
Bureau 's standard chamb er for measuremen ts up 
to 200 kv. 

III . Observations and Calculations 

Und er steady opera ting condit ions of the X-ray 
t ube, the ionization chamber is exposed for a given 
number of milliampere-seconds at successive points 
along the track The ratio of the ionization cur
r ents measured a t two points along the track is a 
m easure of the air absorp tion b etween these points, 
inasmuch as the total flux passing tlu'ough the 
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limi ting diaphragm is measured by the chamber , 
excep t for th e par t lost by air absorption . 

11{easurements are first made, using the beam 
in its minimum-filter condition. Fil tel'S of alumi
num, copper , or lead are then interposed in the 
beam up to the point where the beam is rendered 
sufficiently homogeneous, so tha t fur ther addit ions 
of filt ers will no t lower the air-absorption coefficien t 
by an appreciable amount. This is illustrated 
(fig. 2) by th e semilogarithmic plots of X -ray 
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FIGURE 2. Effect of aluminum fi ltration on air absorption 
of 50-kv X -rays produced by beryllium-window X -ray I 

tube with inherent filtration 1.5 mm Be. 
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intensity as a function of the length of the ab
sorbing air path for the 50 lev X rays from the 
beryllium-window tub C'. H ere i t is observed 
that fi ltrations ill excess of 2 mm of aluminum will 
not greatly affect the air absorption.3 Similarly, 
it is found that for any voltage up to 200 lev, 
filtrations of 6 mm of AI, 0.2 mm of Ou, or 0.1 mm 
of Pb are sufficien t for the attainment of a prac
tical lower limit to the air absorption. 

These studies are made with X rays of 200 kv 
and less, to voltages as low as transmission through 
filters will allow. Minimum-filter conditiollP allow 
observations on X rays as low as 7.5 kv h'om a 
beryllium-window tube. Even these 7 .5-kv X rays 
show no great change in quality due to absorption 
in the air itself over the distance of observation, 
as indicated by a ncar straigh t-line semilogarithmic 
plot in figure 3. Since the beam is effectively 

1 0 

09 \ 
\ 

08 \ 

0 7 

~ 

\ 
1\ 

I 
06 

\ 
05 

\ 
1\ ,. 

t-
in 
z 04 \ 
'" t-
~ " ,. 
'" '" x 0.3 
.... 
0 

z 

\ 
.\ 

Q 
t-
U 

'" cr .... 
0 .2 

\ 
\ 

\ 
0.1 

\ 
25 50 75 100 125 

AIR AS SORPTI ON DIST AN CE (CENT IM E TE R5 ) 

FIGURE 3. Air absorption of 7.5-kv X -rays produced by 
beryllium-window tube wilh inherent filtration 1.5 mm 

Be. 

3 The curve for 6-mm filt rat io,r was not obsen 'ed at this voltage because of 
tbe ex tremely long exposure which would be necessary. At 100 k v, however, 
the di fference between the 2-mm and tbe 6-mm curves is approximately 1 

percent . The difference would not be greater than t his in the case of 5O-kv 
X-rays, for the same amoun t of filter would render t he beam more homo
geneous in the latter case. 
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monochromatic, it is permi sible to prepare tables 
of linear absorption coefficients involving a in crlo 
term 4 for air under normal atmospheric condi tions, 
(760 mm of mercury pressure and 22° 0 ), the e to 
be applied over short distances. 

Tables 1, 2, and 3 give effective Ii neal' absorp
tion coefficien ts , J.k (em- I) for ail' , where J.k i used 
in the formula , l x = l oe-"x, I x being the intensity 
at a distance X cm beyond the point where the 
original intensity, 10 , is measured. The X-ray 
beam is here considered to be parallel. 

T ABLE 1. Linear absorption coeffi cients for X-rays of air 
under atmospheric conditions obtained with beryllium
window X -ray tube 

JOO ------- 5. 1 2.0 .8 .3 .3 
J20 -----_. 4.8 1. 6 . 7 .3 .3 
]40 ------- 'I. 6 1.3 . 6 .3 .3 
J60 ------- 4.3 1.1 .5 .3 .3 
ISO .... ____ 4. I 1.0 .5 .3 .3 

200 ------- 3.9 0.8 . 4 .3 .3 

1 l\1i nimum filtration is 1.5 mm of berylliu m plus 119 ern of ai r. 

Data in th ese tables are derived by calculating 
J.k for ail' between 11 9 em and 269 cm from the 
t ube target. Errors due to change in quality of 
the X-rays will be involved in applying these data 
to determine intensities at great distances 5 from 
the target, and, also , at distances 9 few centimeters 
from the target. However, within the range of 
approximately 1 to 3 m from the target, theOle 
coefficients may be applied with li ttle error. 

For r eady reference, som e air absorption cor
r ection factors have been prepared and are shown 

, '1'0 accurate ly specify the absorptiou of a beterogeneous beam, it is neces
sary to employ an ex prcss ion that is the sum of exponential terms involvin g 
di ffere nt absorption coetllciellts. 

5 "Grea t distances" , as herc used, refers to the absorption by a suffici nt 
quantity of air to reduce the intenSity of the original beam by sevrra l balf, 
value layers. However, reductions of the order of on ly onc ha lf-value layer, 
such as observed in this experiment (fi g. 2), show very little qua lity de
pendence. 
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TABLE 2. Linear absorption coefficients for X rays of air tinder atmospheric conditions obtained with beryllium-window 
X-ray tube 

Absorption coefficient (It ) 

Voltage Added filtration 
~f~IT~n~ 1---------.-------.--------,--------.----·----,--------,---------

0.05 mm Al 0.2 mm Al 0.5 mm Al 1.0 mm Al 2.0 mm Al 4.0 mm Al 6.0 mm AI 

kv cm- 1 cm- i cm- i cm-1 cm- i cm- i cm- i cm- i 

7.5___ ___ ___ ______ ____ _ ___ ___ ___ _ __ __ _______ 2O.5x1O-' 
10 _ _ _ _____ ___ _ __ __ _ ___ _____ _ ____ _ __ _ __ __ __ _ 12.9 9.7xlO-' 8.3xlO-3 
15 ____________________________________ , ___ _ 7.8 

20 ______________________ ._ ___ __ _ ___ __ ___ _ __ _ 6. 9 5.3 3. 9 2.5x1O-' - -- --- --- ---- ----_.- --.--- ------------- ----- ---- ----
30 _ _ _ __ _____ _ ___ ___ _ _ _ _ _ _ _ __ ___ ___ _ _ ___ ____ 6. 1 4.9 3.3 1.8 0. 9xlO-' 0.8x1O-' --- ---------- -- -- ------- --

40 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5. 9 4.8 3.0 1.5 . 8 . 6 --- ------ - --- -.- - --- --- ---
SO _ _ _ __ _______ __ __ _ ___ ___ _ __ __ ____ __ __ _ ____ 5.8 4.6 2. 8 1.4 . 7 .6 0.5xlO-' 0.4x10-' 
60 ____________________________ _______ _ .____ 5. 6 4.5 2. 7 1.3 . 7 . 6 .5 . 4 
70 _ _ _ _____ _ _ _ _ _ __ __ _ _ _ __ ____ _ __ ___ __ _ ______ 5.5 4.4 2.6 1.2 . 7 .5 . 5 .4 
80 _ _ _ __ _________ ____ _____ _ __ __ _____ ____ ____ 5.3 4. 3 2.5 1.1 . 6 . 5 .5 . 4 

90 _____ ___ _________________________________ 5.2 4.2 2.4 1.0 . 6 . 5 . 4 . 4 
100________________________________________ 5. J 4.1 2.3 0. 9 .6 . 5 . 4 . 4 

1 Minimum filtration is 1.5mm of beryllium plus 119 cm of air. 

TABLE 3. Linear absorption coefficients for X rays of air under atmospheric conditions obtained with cerium 
glass-window X -ray tube 

Voltage 
Minimum 
filtration 1 

Absorption coefficient (It ) 

Added filtration 

0.5 mm AI 1.0 mm Al 2.0 mm Al 4.0 mm Al 0.0 mm Al 
- ---·-----------·--------1--------1--------1-------1-------1--------------

kv cm-1 cm- 1 cm- 1 

20 ______________________________________ _ 
30 ______________________________________ _ 

cm- 1 

3.2X lO-' 
2. 6 I. 3XIO-3 0.9 X l0-' 0. 8X IO-' - -- -- -. -. -. --- -- --- - --.- .---

40_______________________________________ 2.2 1.1 
00_______________________________________ 2. J 1.0 
60 ___ _ __ _ _ ______ _ ______ _ __ ____ ___ _____ ___ 2. 0 . 9 

70___ _ ____ _ __ _ __ _ _ __ ___ _ _ _ __ __ _ _ _____ __ __ 1. 9 . 9 
80___ _ _ _______ _____ ___ __ __ _______ ____ ____ 1. 8 . 8 
90___ __ __ _ ___ ___ _ _ _ _ __ _ _ __ _______ _ __ _ __ __ 1. 8 . 8 
100______________________________________ 1. 7 . 7 
JlO ___ ____ ___ _ __ ____ __ _ ___ ____ __ _____ ____ 1. 6 .7 

120___ ____ ____ ____ _ ____ __ _____ __ _ _ __ _ __ __ 1. 5 . 7 

1 Minimum filtration is 1.29 mID of cerium glass pIns 119 em of air. 

in figures 4,5,6, and 7. For a parallel beam, the 
air absorption correction factor, C, is taken to be, 

In the case of a diverging beam, it may be defined 
as, 

where I~ and I~ are the intensities measured by 
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.8 . 6 - ------ -- -- --- --. ----- -- -- --

. 7 . 6 0.5X IO-3 O. 4X IO-' 

.7 . 6 . 5 . 4 

. 7 . 5 . 5 . 4 

. 6 .5 . 5 .4 

. 6 . 5 . 4 . 4 

. 6 . 5 . 4 . 4 

. 6 . 5 . 4 . 4 

. 6 .5 . 4 . 4 

r-meter 6 at distances Xo and X + Xo cm, respec
tively, from the tube target. 

The correction factor, C, may be used in calcu
lating intensities at various points, where a thimble 
chamber 6 measurement is made at one point only. 
Its application in field use is to determine the 
intensity at one position by ail' ionization measure
ment, calculate by inverse-square law the intensity 
to be expected at some distance farther from the 

6 John A. Victorl'en. Medical physics, p . 1370- 1382 (The Year Rook Pub
lishers, Inc. , C hicago, Ill. , 19H) . 
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source, if it Were operating alone as a reducing 
factor; then, multiply this intensity by the air 
absorption concction factor to determine the true 
intensity. If the intrnsity is to be determin ed 

at some point closer to the source than the ioniza
tion measurement is made, the reciprocal of the 
air absorption correction factor will be used as 
the multiplying factor. 

o 
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FI(i;I)R E 4, A ir-absQrption j'eduction in intensity oj minimum-filter X-ray beam from beryllium-window tube 
fi ltration 1.5 mm Be. 
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Dashed lin e indicates reduction produced by 0.1 mm of Pb filter for X·rays 
of all qualities from 50 to 200 kv. (Inherent fi l tration of X·ray tube used 
is 1.5 mm Be.) 

In cases where the graphs do no t cover the 
conditions desired, the air absorption correction 
factor may be calculated, using the absorption 
coefficients given in tables 1, 2, and 3, and the 
equation, 0 e-~x. As an example of this calcula
tion, table 3 indicates that J..L for 40 lev with 1.0 
mm Al of added filtration is 0.8xl0- 3 em-I. 0 is 
then defined for arbitrary values of X beyond 119 
em from the tube target. It is convenient to 
arrange the work in tabular form, as follows: 

X 

cm 25 ___________________ _ 
50 ___ ________ _______ _ 
100 _________________ _ 
150 __________________ _ 
200 _____ __ __________ _ 
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}J. X 

0. 02 
. 04 
. 08 
. 12 
. 16 

0. 98 
.96 
. 92 
. 89 
. 85 

IV. Free-Air Chamber Versus Thimble
Chamber Air-Absorption Data 

That the air absorption factors determined 
with the free-air chamber are applicable also to 
thimble chamber use is indicated by reference to 
table 4. In this case, the limiting diaphragm is 
removed and a 25-1' thimble chamber is placed 
at the midpoint of the collector plates of the free
air chamber, the latter chamber being here used 
only as a vehicle for transport of the thimble 
chamber. Data obtained are at 90 kv with no 
filtration other than l.29 mm of cerium glass, the 
tube window thickness. 

TABLE 4. Comparison of air absorption data for 90-kv 
'(-rays obtained by thimble i onization chamber with those 
obtained by fl'ee-air ionization chamber under minimum 
filter condition (1.29 mm of cerium glass) 

Intensity, as I Thimble chamber In tensity as Distance, X, measured by intensity calcu· m easured by of air lated to indicate 
abso rption 1 

thImble air absor ption free-air 
chamber' only 3 

chamber 

-
em percent percent pecrenl 

0 100 JOO 100 
25 64.9 95.1 94.9 
50 44.9 90.7 91.0 
75 32.5 86. 4 87.0 

100 24.5 83. 1 83.1 

125 18. 9 79.4 SO. 3 , 
150 15.0 76.7 77.7 

I 

1 X is the ionizat ion chamber travel distance, t he zero position of w hich is 
119 em from t he X·ray t ube target. 

Z This includes inverse-square reduction in intensity superimposed upon 
air absorption reduction . 

3 '1'he observed thimble chamber intensity times (119+Xj119)' y ields an 
intensity indicating the a ir absorption red uction only. 

These data show r eductions in intensity due 
both to the inverse-square l(l,w and to air absorp
tion. The minimum target-to-thimble-chamber 
distance used is 119 cm. Multiplication of the 
thimble chamber readings by (119 + X /119),z 
where X is the thimble-chamber travel distance, 
yields data indicating air absorption only. The 
data obtained in this manner with the thimble 
chamber agree within a percent with those using 
the free-air chamber as described in section III . 
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In the case of soft X-ray , thimble-chamber 
measurement of the ratio of intensities between 
two points may be made without appreciable 
error, because there is no significant selective ab
sorption of the soft components of the X-rays in 
traversing the amounts of air considered. The 
calibration of thimble chambers for soft X -rays, 
however, will be in error, the readings being less 
than those for hard X -rays, because there is 
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appreciable absorption of the soft rays in the 
thimble chamber wall. The subject of such cali
brations for soft X-rays will be di cu sed in another 
paper now in preparation. 

The authors thank John H . Baltrukoni for 
obtaining much of the data reported above. 

W ASHING'rON, September 15, 1947. 
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