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ABSTRACT

The relative gtopping power of collodion, alumwinum, copper

gilver and gold for fission fragments has been measured. The results

are oimilar to those for alpha particles of 4.5 Mev.
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JCOPPING PORER (F VARTIOUS SUBSTANCES FOR FISSION FRAGMENTS

Several 1nvestigations; both experimental and theoretical,
concerned with the passsge of uranium fission fragments through matter
have been published in the past few years.(l) Although these studies cover
the subject genorally, they do not seem to have especially investigated
the relative stopping powers of various substances for fission fragments,
Relstive atopping powers are often a matter of importance in experimental
investigations; e.g. for determining thickness corrections. We have thovght

it worth while to make a special study of it.

Gaicher<Foil Activity Experiment

Two types of experiments have been per?g;med. In the first type

e thin (0.085 mg/bmz) layer of 0308 enriched inuzﬂ, and deposited on a
platinum disc wes covered with various thicknesses of alwninum foil. On

top of the aluminum foil we placed a thick celluloid foil. The whole sgystem
vag irradiated with neutrons and the activitx!due to the recolling fiesion
fragnents collected in the celluleid foil was{measured.

The decey curves of this activity do not show any significant
variation in their form as a function of the thickness of aluminum inter-
posed. The obssrvations wers salways meds nine hours after the end of the
irradiation.

In Figure 1 we show the result of these experiments.

(1) See e.g. W. E. Lemb, Phys. Rev., 58, 696 (1940) which includes also a
bibliography and J. Knipp and B. Teller, Phys. Rev., 53, 659 {1941).
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If the fission fragmen®s had all the same range one would expsct
that the curve of Figura 1 would be a straight line. This is easily seen
by considering the fission frogments emittad by an element of area dS in

the aetive surface (Figure 2).

[ o/ § }It

as

Figure 2

The end pointa of éheir trajectories in asir lle with uniform densily oa
the gurfece of a sphere of radius R (rangs of the fission frugments). By
covering the source with a substance of thiclkness ¢ such that, after
traversing 1t normally, the residusl range is reduced from R to R - ¢,
the numbsr of flssion fragments emerging in alr is also reduced in the
same ratio and hence the activiiy collected i8 & = b (R - ¢), wherse b is
u cosificlent depending upon the cenditions of irradiation, ete.

The cuxve of Figure 1 i3 not a straight line because the fisgion
Tragzwents do not have all the sawe range. FEach range represented gives a
straight line end what is observed is.the composite curve. The large
seatiering of the fisgion fragments has also probably a considerable

influence. From Figure 1 one may try to determine a mean range and an

-G
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extrapolated range in aluminum, these being respectively, 2.2 and 3.9
mg/bmz. It is however obvious that such a procedure is considerably

arbitrary since the fission fragments do not have a uniform range.

Tonization=-Chamber Experiment

AT % SO N 7 b

In the second series of experiments the same thin foil of UBOS
was covéred with the absorbers and introduced into an ionizatlon chamber
filled with nitrogen. The depth of the icnization chamber was 1,0 cm and
electrons ware collected. The lonization chamber was connected o a linear
amplifier whose amplification and bias were kept constant.

The apparatus was tested with polonium covered with aluminum
or gold foils and in Figure 3 we show the results of these test runs.
Because of the homogeneity in energy of the Po alphas, we should this
time really expect fhat the number of pulses registered, N, varies accord-
ing to N = ¢ (R = ¢), in which agaln ¢ depends on the blas, strength of
the source, ete. Figure 3 shows the linear dependence of N on' %, and by
compazing the slopes of the two curves, for aluminum and gold, we find that
the relative mass stopping power is 2.45. Thisg is in excellent agrecment
with the accepted value of 2045.(2)

in the runs with uranium fission fragmenits we cblain the curves
given in Figure 4. Five types of sbsorbers were used: aluminum, copper,
siiver, gold and also collcdion {approximately 612317016N3)’ which should

not dirfer very much in its stopping properties from air. In Table I ve

summarize the results. Of each pair of numbers in the Table, the upper

{2) See e.g. Livingston and Bethe, Rev. Mod. Phys., 3, 272, (1937).
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one is the thickness necessary to stop a certain fraction of the fission
fragments and the lower one is its ratio to the thlckness of aluminum
having the game stopping power. These ratios do not vary much es a
funetion of the thieknoss employed, and inasmuch s ve avs willing to
consider them constent we may speak of 2 stopping pover. '

In Table 1T we report the mass stoppiag power and the atonic
stopping pover and for comparigon the similer number for 4.66 Mev of I~
particles,

It must bs bBorune in mind that in this experiment counts were
regigstered only if the fission {ragments spent enough yesidual range in
the ionigation chamber. Ve can have a rough estimete of this quantily
by cemparing the range in aluminum meagurad in the foilwschiviiy experi-
zents, (3.7 mg/bmz), with that measuved im the chambor experinents,
approzimately 2.9 mg/om®. It thus appeave that the fission fragment hee
o gpend approximately a8 residual range of 0.8 mg/'cm2 of aluminum in tho
chambez in order to be registered on our appavatus. If we increase the
bias so as to count only larger pulses, the apparent stopping povwer of
the various subgtances increases, as to be expected, tut ve have chserved
that the ratios betwsen the stopping povers of variovs subsiances stay
practically constant. To give at least & qualitative ides of the magni-
tude of this effect we point out that in taking the date of Figure 4 a
bisg of 10 millivolts vas used, vhose position with respcet to the plateau
for fisgsion fragments can be seen in Figure 5. If ve use & bias of 20 |

nillivolts, i.e. twics the previcus one, we obiein a figure simllar to
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TABIE I
Fraction of Thickuess of layer in mg/om™
fisslon fragments .
absorbed in layer| GCollodion A Cu Ag Aun
.0 |
.10 0.13 0.18 0.28 0.33 0.60
1,6 0.6/, 0.55 0,30
+20 0,22 0.36 0.56 0,68 1.16
1.64 0,64 0.53 0031
»30 0.32 0054 0.82 0,98 1.68
1.69 0.66 0.55 0.32
40 0.42 0.72 1,10 1,30 2.20
: 1,72 0.66 0.55 0.33
»50 0.5, 0.90 1.36 1,62 2,78
1..67 0.66 0.55 0.34
.60 0.64 1,10 1,66 1.96 3.34
1.72 0,66 0,56 0.33
70 0.74 1.36 2.0 | 2.33 3,9
1.84 0,68 0.58 0,35
.80 0.91. 1.63 2:34 2.75 4a65
1,78 0,69 0,59 0.35
.90 1,23 2,06 2,85 3.39 5.7 .
1,67 0.72 0.61 0.36
1,00 (2.10) (2,90) | €4.20) | (4.80) | (9,0)
(1..38) (0,71) (0.60) (0.42)
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TABIE 1.

-

Mass Stopping powar vemie Stopping pover

oL (466 Mev) £ (4466 lov) £
Collodion 1.38 1.70 wanw oo
Aluminum 1l 1 1 i
Copper 0.69 0.66 1.59 1.52
Silver 0.51 0.55 2.04 2.20
tyold 0.36 0.34 2,62 2.48

Pigurs Z but with all the absecissae divided by approximetely 2. The
cuantitetive features of this effect are of ccurse dependent upon the
ionization chamber construction, the absolute wvalue of the blas ote.,
and are not sir;q;le' to analyse.
lie can obtain the end points of the various absorption curves
by adding to the last thickness of Table I the quantity 0.8 mg/cm2
éivided by the mass stopping pover velative to sluminum. This gives:
Colledion AL Cu Ag Au L] UBOS

2.6 3.7 5.2 6,1 1134 (12.6) ((10.0)) mg/en®
These numbers are a little uncertain bocause voth the apparent end points
of Tigure 4 and the stopping power at tha endl of the range are not pre-

cisely kncvn. Ve have given also the calculated values for uranium and

~
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0308 because they are particularly important.

The atomic stopping power S as a function of Z can roughly

be represented by the formula(g)

s oa Z%
Silver and collodion depart from this formula considerably. The reason
for collodion is most probably the presence of hydregen which is expected
%0 be enomalous, and the reason for silver is nmot kﬁown. It is quite
posgible that the different degree of homogeneity of the thickness of the
folls affects the precision of the meagurements.

A farther chock, of prascticel interest, on these measurements
is afforded by the following experiment. A thick piece of uranium foil of
3 emz surface 18 placed against a celluloid foll and exposed to neutrons.
The recoil activity is then measured and compared to the recoil zctivity
collected on celluloid from a magss m of uranium gpread as thin foil,
and exposed to the same neutron flux. We £ind by experiment that 1 cm2
of thick uranium is equivalent to 4.7 mg of thin uranium,

This relatlon czn be calculated also by multiplying the abscissae
in Figuare 1 by the relative mass gtopping power of aluminum with respect
%o uranium (3.4) and integrating the curve. In this way we find that 1

2

er™ of thick uranium should give as many active recoil atoms as 4.6 mg

of thin uranium in agreement with the experimsni quoted above.

{3) Cf. Rutherford, Chadwick and Bilis - Radiation from Redioczcilve

Substance , page 99 and following.
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