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The Fatigue of Metals Subjected to the

Roentgen Rediation.

A1l metals and nearly all other substances give off a
secondary radiation when exposed to the X-rays. This radiation
consists prineipally, if not entirely, of a negative corpuscular
discharge, very similar to the @ -rays from radium. Thile there
are numerous theories to account for this radiation, none is sat~-
isfactory.

 The simllarity of this radiation to that produced by
ultra~violetc light, 1ead71fo suspect some likeness in their be-
hd&ior.

Halluachsnhas shown that the sensitiveness of metels éo
the ultra~violet: rays, decreases after long exposure to them.
§ince its discovery this "phofo;—electrio fatigue™ has been in~
vestigated by many, and, in a generzl way, it mayhbe.said to dbe
influe. ed by; the kind of metal, the state of the surface, the
nature of the surrounding medium, and the charagter of the .rays.
but'writers on this subject agree, neither in thelr experimental

results, nor in their theories. ,

)I)Hdllwééhé ) Sifzﬁhgsber. der Ges. der Vissensch. %u Leipsig.
lviii. 1906,p.341.

2) Ladenberg. Annal. der Phys. xii. 1903,p.558.
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Ladenbergzoattributes fatigue to oxidation and r cor-
rogion of the surfoce, but this theory is rejected by Hallwachs,
who attributes the principal effect to ozone, which he supposes
to have great absorbing powser when in the gas layers on the suf-
‘face of the metal. On the contrary it has been shown, that
fatigue occurs in the absence of ozone, snd in a vacuum. Sir
¥/1lliam Romsay and Spencof”believe secondary radiation to be due
to disintegrafion of the atom. .

% Professor llore, of the University of Cincinnati, while
working in Ceambridge in'1906-07, found that the secondary
Roentgen radiation from metals suffered a fatigue analogous t&
that produqed by ultra-violet: light. '

" His results show that the radistions from ald surfaces |
of iron, lead, nickle, and zinec, exposed in air,dopend on thé
duration of the exposure, whils the radiationsfroﬁ aluminumiand
copper are n;arly constant. |

Freshly polished surfaces of iron and load show: m
initial rise in sensibility. - |

The effects in coal gas do not“@iffer from those in air,
An inert gas like hydrogen seems to redﬁco the fatiguef while the

Presence of ozone increases it, though not in any way comparable

3) Remsay and Spencer, Phil,lag. xii. 1906,p.397.
4) More, Phil.Mag. xiii. 1907, p. 708,

4.
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to the extent noted by Haellwachs for the ultra-violet: radiation.
In conclusion the writer states that his his results in-
dicate that the fatigue is caused by "changes in the gas in or on
the plates, rather than any change in the metals themselves™.
Following the suggestion of Professor More this worﬁ has
been carried on for the purpose of verifying his results and coa-
tinuing the inwestigation, ﬁarticular attention being given to
the effect of oxidation on the behavior of the secondary radiation.
The first measurements of fatigue in this paper were made
by the method described in the earlier paper by Professor More.
The Roentgen radiation is allowed to fall upon two simil-
ar plates and their secondary radiations measured and compared.
If, then, one of these plates,which we shall call the "standard",
be shiclded from the primary radiation, and the other,lmown as
the "trial"plate, be allowed to remain exposed for a length of
time, a second comparison of the radiations may be expected to
show any change in the sensitiveness of the "trial" plate, due
to 1ts prolonged exposure to the X-rays.
Two similar ionization chambers, twelve centimeters cube,

rerg constructed of heavy sheet brass. A detziled cross-section

of one of these chambers is showm in Figure I.

-8
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A is the 6harged electro&e, consistiﬁg of an iron wire
gauze, carried by three ebonite plllars, and having a connecting
wire leading out through a sulphur insulator. The holder , B ,
carried the plate, C, to be tested znd is supported by the brass
rod, D , running out through the sulphur insulator, F , By means
of -.a: emall gauge tho distance between ¢ and A could be nicely
adjusted, and was kept at one centimeter in all the experiments,
The test plates were uniformly four centimoters in diameter, and
0.3 cm, in thickmess. A window, H, 4.5 cm. in diameter, ad-
mitted the X~rays through the side of the box opposite the plats.
The X-rays entering the boxes were cut down, by iead diaphragms,
to pencils which barely included the test plates, thus preventing
cocondary radiation from the back of the boxes.

In Figure I is shown the general arrangement of the ap-
pataius.,

The ionization chambers, l.and 2, wereset at an angle, and
the X~ray dbulb placed at the intersection of the normals to the
conters of the test plates., Brass tubes in front of the ionizatio:
boxes carried the lead disgphragms, 8 , ond shutters used for

cutting off the rays,whon required,

A difference of potentisl of 80 volts between plate and

7.
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gauze was found sufficient to produce saturation,

The switches, L , allowed oither or both plates to be con-
nected with the electroscope, M , or to earth, and also provided
-a meons of earthing the oelectroscope.

For the purpose of measuring the ioni;ation currents an’
inclined Wilson electroscove was used, and the charged plater
maintained at a potential of about two hundred volts.

All switches and connecting wires were enclosed in carthed
metallic shields, end the X-ray tube and induction coil placed in
a lead-sheathed box, to prevent static effects and leakage.’
| The radiation was taken to be directly proportional to the
ionization current, and consequently inversely proportional to the
time required for the gold-leaf of the electroscope to move over
a definite number of divisions in the reading microscoﬁe.

From such measurements may be calculated tho radiating
rower of the plate at any time, referred to its initial radiating
power, which in the subsequent tables is taken as 100.

" After working with the sbove method for soﬁq&ima, 1t be-
came evident that, even with tho most careful ﬁanipﬁlation; ir=-

regularities in the action of the coil and bulb introduced con-

siderablo errors,and even in some cases mesked the effectis sought

9.
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for.

If the radiation from both plates could be measured at
the same time, and by the same instrument, the effect of the
irregularitics above noted would be nearly eliminated. A dif-
ferential method was therefore devised, which acccemplished prac-
ticelly this result, and whichlas proven to be very convenient
in use and much more accurate than the method first described.

The some apparatus was used with the following changes
ond additions.

Thin perforated aluminium sheots were substituted for the
iron wire gauzes in the ionization chombers, and the shielding

. ddaphragms so arranged that the maximum quantity of radiation
fell upon tho plates without allowing any to pass the edge and
strike the back of the box.

The substitutuon of aluminium for irom gauée allowed more
radiation to strike the plate and reduced the disturbing effects
of secondary radiation from the charged electrods, since the
secondary radiation from aluminium Zs small, and, as will he
shown later, constant.- Secondary effects from this source will.
at least present a constant factor and will not tend to.confuse

tho results.

10.
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In addition to the apparatus used before, & large variable
air éondenser was so arranged that it could be placed in par-
nllel with the electroscope. The purpose of this condenser
will be explained later.

Provision was also made for shifting the Z-ray tube about
a vertical axis,

FPigure IIX. represents dlagramatically the general ar-
rangenment of the new apparatus. The switches, I, werc so ar-
ranged that the electrodes in the chambers 1 and 2 could be
charged with electricity of 1ika or unlike sign., The condenser
was of about 350 C.G3.S. electro-static units (calculated). ca-
vacity, Qnd could be comnected in parallel with the electroscope
by means of the switch, R.

The observations are made in the following manner. The
electrode in ochamber 1 18 charged positively end that in 2
negotively, to a potontial sufficlent to produce safuration. If
the two plates are giving off the same amount of radiation the
olectroscope will thon show no defleotion. The plates however
may not be equally sensitive to the pfiﬁary radiation, In this
case an equality of the sccondary radiation may still 'be brought

about; in general, by turning the X-ray tube sbout o vertical

——axisyuntilthe inequilily of the primary radiation falling on-

11.
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L ]

the two plates,compensates for the difference in their sensi-
bilitles, since the radiation is not uniformly distributed over
the bulb.

Having obtained this balance in the radiation, the stand-
ard plate in 1 1s shlelded from the X~ray for a cortain period,
while the trial plate in 2 renmains expoéed to the'rgyS. ITow 1f
any chenge in the sensitiveness of the trial plate takes place,
then when the two plates are &gsin oonﬁected to the electro-
scope,a deflectlon will be obtained, due to the current produced
by the secondary radiation from the trial plate being either
greater or less than that from the standard plate.

Let us denote the priginal conditions by

¢, =current in box 1

@, - current in box 2

t - time required for given deflection with box 1
t,: time required for given deflectibn with box: 2
8, =gensitiveness of plate 1

§ -sensitiveness of plate 2

k,;radiation falling on plate 1 - \

k, -radiation falling on plate 2 )

These quantities may be chosen in such units that we may

13.
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. write
o,k 8,1/t . « « ¢« v o v v v v, (1)
ok, 8,°1/t, . v v o v o w o o ... (2)

ow after & certain length of time, during which the
trial plate has been exposed, and the standard, shielded from
the X-rays, any or all of these quantities may have changed and
we may denote the new values by the same letters primed, so that
we now have

¢ k8 <1/t . v v e e i i v e e e (B)
D e L -9
From the second and fourth equations
slel/ B c1/kb v v o v v e .. (B)
S/ kst oo oo w o (6)
Soos- 8kt - Ukt o0 0oL ()

This is the expression for the abgsolute change in -
sensitiveness, but it unfortunately contains a quantity which we
can not easlly measure; the strength of the primary radiation,
The proportional change in sensitiveness, however, may bte ob~-

tained by dividing this quantity by s, , giving,

14,
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S -5, Kb
S ko /.. . . .o . . .. (8)

By preliminary test it was found that, if the teet pvlates
are of the same material and have the same kind of surface, the
balancé once obtained is not disturbed by changes in the working
of the coil or X~ray tube. We may thorefore agsume that the dis-
tribution of the rays about the tube does not vary with the 20n-

dition of the tube nor the working of the coil, and we may write

-}-c;l = -]Ez’ . . . . . . . o" .)o ) . (9‘
Xk, )
30 fhat we have by substitutioﬁ
: /o
’ (10
sz = 82’; k,'tz - / . . . . L . . . . . (l/oo) )
S, k'-t, '

. It wae elso found, by trial, that the sensitiveness
of the standard plate varied but 1ittle with the intensity of the
primary radiation, provided the tube remained soft. With this
provision we may take

’ ’ ' /1
SI::SI PR P ) . ¢ e . . v . . e * s (11)

and therefore from equations (1) and (3)

’

-]us-' = —t-' . . . [ . . . . . o e . . . '13
k| %, , f12)
- ~in W -

Substituting this value/(10) we have

15,
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SZ{ ot S_L..t tl. ..—-, e % 5 8 o e e e 0(1’3;
8 t, ¢,

2

Then the radiations from the two plates are balanced we

“have the condition

© e e e e e e e e e e e e o{14)

equation (13) becoming

/ /

321 = Sx_.:tl - tx
’
S:L t:b

e o v e e o+ o o(28)

But the resultant current due to the two plgtes working

oppositely to each other is
¢/ -0/ =1/t = 1/t]

:E—’"-:«-—-:—EII:-]; . L . . . . '(16)
A %,

where t; represents the time required for the gold-leaf to raove
through the given deflection when both plates are connected to the

electrogcope at the same time. From this it 1s evident that

Bz = 8e w %.’ = - fatigue . . . . (17)
82 d .

where t, 1s the time required for the given deflection when
plate 1 alone is radiating.
Ve have tacitly sasumed gll the foregoing equstions to

be simultaneous, & condition impossible in prgctice, s;noe regd-

16.
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ings rust necessarily be taken consecutively. The error thus
introduced will be that due to variations In the sensibilities of
the plates, coused by changes in the character of the rays. Bub
it will be seen from equation (15) that proportional wvariations
in the rgdiating powers will not effect the value of the result.
This requirement of proportional variation may be fulfilled dy
having both plates of-the seome metal ond their surfaces in the
same condition.

An instrument sufficiently sensitive to measure té"would
be entirely too sensitive for measuring t, , Since 1t 4is very
smell compared to t; . To obviate this difficulty the condenser, ‘
U, is connected to the system when moasuring t, ,thereby reducing
the rate at which 1ts potential will rise., If Q denote the totsl
capacity of the system and condenser, and @ the capacity of the

system exclusive of the condenser, then we have

E.IL—::—_S.&:- 2:.'-3' s @ . * e . . . o (18)
3% t&.Q .

where T, is the time required for the‘given deflection, when the |
condenser 1s Eonnected and the standerd plate in 1 alone is ra=-
diating.

The meaniné of the minﬁs sign i3, that 4if tho resultant

défleotion after the trial plafe has changéd its éensitivbﬁess‘is

17.
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in the same direction as the deflsction produced by the standard
plate alone, then the change in the trial plate has been a de-

crease in sensitiveness or a positive fatigue and vice versa.

In practice, both t; and T, were measured for deflections in the
some direction and of equal magnitude, the polarity of the elec~
trode in 1 being changed while measuring T, , when & negative
fatigue was encountersd.

The variable air condenser consisted of nine stationary
end eight sliding plates, each 17.6 cn. square,sseparated by sir
spaces of ono centimeter each, The stationary plates were car-
ried on gsulphur pillars, and ;11 corners carefully rounded so
that the lesnkage from even so large a surface was negligible. The
condenser was free from regidual charge end all parts were nickel-
plated and highly polished to prevent contact electro-motive

forces, TFor convenience, the factor L vas determined for

Q
various positions of the movable plates and the results plotted
in 2 curve (Figure IV.), having for ordinates the values of L R
and for abscissae the lineer distanco which the movable plates

were withdrawn from thoir position of maximum capacity. In nesare

ly 8ll cases tho condenser was used at maximum capacity,which

gave tho value %-:o.Oss. By withdraving the movable plates this

18.
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ratio could be incrsased to i=0.487.

q
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Tauble R.
Tron and (ts Oscdés n Ade.

Freshly Maqneti'e Ferrre
E!/Jos'uw(. 'i_h”'“, Oride Oxide
ron Fc_, Oq Fe& 93
h / foo /
Do, o
9 hts. ° Two Samples, °
! hr 101. 9 12/ Jol
2 hrs. 18/, /0] - lol
J hrs /04 99 /o1 lo/
4 hrs. 102 /00 /oo ] 0o
S hrs. 99 — —_— loo
Table 3
Copper and iti oxides ¢n Ay
F”"'"‘l‘/ Cu/)rouj C Up rec
E\L/%.sure' PC'U”‘“' Oxide Oride
opper Cu, @ Cu O
/100
0 Joo )00
. 1 Twoe Samples.
/ 99-8 leo 79 /ol
2 /o0, l1o0a 99 lol
3 99.9 | 100 | 00 | 99
A /oo M /0/ /ol
8 — —_— 100 |, Jo0¢
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Table

) K 54 . . .
Tin and 1fs Oxides ¢én arr.

1

Frc:/vly Tr'n “T"" Stannide
ExfoSarc belished 3‘:"“!':‘0 Quide” Oxrde
Tin | weeks S O
ola 3
0 hrs. | 1oo /oo Joo 100
! hr. loo — loo. too
] hrs, 29 Joo too 100
J hrs, 988~ | — 100 loo
4 hrs. 78.1 928.2 100 )00
S hrs. 98.4 97.8. 100 /100,

Table §
2ine and 2¢pc Oride (n Air

FWSM\/ Zi'he Zinc

* Oxdd . *
Exporre | bt | Sy | 91t
Z.’nc L“q4y Lq,\‘¢r-‘
g ’U‘f. /108@ /100 100

] hrs /e o /100 Jo0.7 | /

X hrs. 297 100 100.4

Jhrs 99.7 /00 798

4 hrs. 294.| — /700.3

T hrs, 293 —_— 100.7 ‘

& hrs. — R 99. 8.
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Tablc b

Silver surfaccs in Air

Frefhly Tarnish
Evtorare [Pkt | "ied
o hr | toe | 100

! Ar. 793 | 100

2 hrs. 99.3 100,

3 hrs. 98.9 /oo

4 hese | — Joo.

S hrs. | 994 /2o
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METALS ANWD OXIDES IN AIR.

In Table 1 are given the length of exposures end the
corresponding values of the radiation from freshly polished sur-
faces of scluminium, coppor, zine, tin, silver, lead and iron, ex-
posed in air. The surfaces of the metals in these oxperiments
were polished on the finest grade of orocus cloth obtainable and
woere tested as soon as they became cool, after polishing. The
surfaces thus obtained, while not of mnirror drightness idn the
case cf the softer metels, were clean, and quite smooth and uni-
form.

Iron alone shows an increase in radiation, reaching a
| maximum in three hours. Silver, lead, ond tin do not show this
initial rise, the éilver beginning to fatigue during the first
hou:,and the tin and lead not until the second. Aluminium and
eopper show no change in radiation and.zino but little. |

In Tables 2, 3 and 4 are given the resultsvobtainod with
oxidized surfacos of the seme metals, the raéiation from the ﬁél~
ished metals also being given for the purpose: of oomparison.'

The coating of magnotic oxide wgs prepared by heating

the polished iron plate to & temperature of about 700° c o thin

4
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even bluish black coating being thus obtained. The irregularity
shown for this, and the ferric oxids in Tab}e £, 1s: probably due
to experimental error: involved in the first nethod, amt used for
%these determinations. The magnetic oxide moey be said to show no
‘decisive change curing a four hour oxposurs.

The ferriec oxide coating was obtained by covering the
plate with dilute hydrochiorie acld, forming on the Aurface
chloride of iron end the ferric hydroxids, eventually formed by
the addition of a few drops of amronia, was allowed to dry. The
plate was then set away for a week to ellow further oxidation,
after wihich tho ammonium chloride was expolled by heating the
plate. The well-rusted surface thus obtained alsv shows no dew

cisive change in five hours expocure.,

3 It will be noticed that tho change In sensibility ex-~ .
hibited by the polished metel is not showm by either c¢xide. Both
0L -these oxides are quite stadle in ulr, while, of course, the
metal 1t3elf 1s very iiable to rust.

Table & shows the behavior of the two oxides of copper.
The cuprous oxide was formed by.gently heating the pol-
1shed copper plate, care being taken that the tomperaturs did nof

becomn sufficiently high to convert it all into cupric oxide., Such

r———a
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a coating will, at best, probably contain a considerable guantity
of cupric oxide.

The cupric oxide was formed by heating tho plate to dull
redness in an elcohol (sulphur-frse) .flame. Neither of these
oxides shows any fatigue in air.

These three surfaces are stable in air, and nonc shows
veriation in radiating power beyond that of oxperimental error.

The results of tests on two oxides of tin arc given in
Table 4.

The coating called "tin oxide" is of undetermined com-
position, but 1t is probably a lower oxide, or a mixture of oxides;
containing less oxygen then the stanmnic oxide. It was formed by..
| heating a polished tin plate to a temperature of 170° C. for sev-
eral hours, and appeared as an olive to yellowish tarnish on the
surface of the metal. As might be expected from its method of'
formation, this surface appears to be quite stable in air at
ordinary temperatures, and undergocs no further change,

The stonnic oxide was prevared by igniting the nitrate.
formed on the surface of the metal by coating it with nitrio acid,

Teithor oxide showed ony fatigue and the surfaoce of the

polished metal allowed %o age in the air for two weeks did not

a7
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behave differently from the freshly polished surface.

A thin coating of a stable oxide has completely stopped
the fatigue experienced by the fresh surfsce of the metal not thus
protected.

Table 5 shows the radiations from zinc, a thick, and a
thin layer, of the oxide, ZnoO,

The thick layer of the oxide was formed by dgniting the
nitrate, as with tin. The thin layer was the result of slow
oxidation in air, allowed to proceed for a year and a half.

The irregularities of the figures for tho thin layer are
probably due to experimental error since buk ons of the surfaces
was obtainable and a fresh surface of the metal had to be used for
ia standard.  As had beon pointed out, this may ceuse some . _or.
;Ho decisive change in radiation is shown by either surface. This
oxide 1s guite stsble in air, ‘
The radiation from a freshly polished sil¥er plate, and
one cover9d with a dark tarnish, aacquired by a month exposure to
the air in the laboratory; are given in Table é. These results

show o slight fatigue for the polished silver and none whatever

)

for the tarnished surface.

Whatever may haove been the nature of this tarnigh, the

f , 28. .
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fact of its formation Indicates that i1t was a more stable sur-
face, chemically, than the pure silver. The slight fatigue showm
by the fresh metal 1is stopped by this protecting tarnish,

Thile four out of the five metals tested exhiblt variation
in radlating power, ¢f the eleven oxidized surfaces formed on

these metals, none shows fatigue.

If oxidation does effect the secondary radiation, we
might expect an increased effect 1f an oxidizing atmosphere, such

as ozone, be used 1n place of air.

29,
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Table

]

Ca]:/rcr ard (s Oxides in Ozone.
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Feeshl u hrou .

;».zm.:ld ¢ prous Cg”,:l“

Ex/)oSUFG- Co . O}velc xedce
|EePret] guy 0. Cuo

o hr: loo loo ] oo.

/ k. 963 | 47 92.8
ks | 933 | 938 | 773
J hrs. 9/.+ — 96.8
Qhes, | — | — | 979

9 hrs. 959
- 7 hes 7304.

Table 8.

Tren and its Oxrdes in Qzone.
Fiesh ly ﬂaqn.c tic |Ferrse

Ex/’osurc pelished | - Oxide .| Oxide
Iron | Feyo4 Fes 0;

0 hes, Joo, /00 l9¢
sb4L he |2 986 | 973 | 100
) Ar.: 96.7- | +94.1..|~0D

A hes 2. 946 |90t too
Fhes 940 | 904, 100
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Table 9.

Tin and ity 0xides in O2zone,

Freshly | “T¢y | Stannie

Exposurc ":;_::’:“’ Oxcde”| Oxide

Su Oy
0 hrs [ oo leo loo
*he | — | 991 | —
] A loo
L hes, 100 97.9 loo

J. hrs. 98.4 97.3 jo0o

9 hes. 99.2 954 ]oo.

Ehes. | 968 | 942 | —

& hers. 94.(

Table 10

Ziranc and Zine Oxiele 14 Qrone.

FFCS:AIY Zine
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Table 21.

Silver and Lead m Ozone.

oy

Freshly Freshly
po’o'lh«l P”O.‘httl
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1

Ex/w sure

o hrs. |eo ioo

4tog hr | 988 | 984
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S hes, 920 I
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METALS AWD OXIDES IN OZOIE.

The results so far obtained for some of the metals and
thelr oxides when exposed in ozone are given in Tobles 7, 8, 9,
10 and 11.

Table 7 shows the fatigue of copper, cuprous oxide, ond
cupric oxide, and it will be .observed that the fatigue decreased
a8 the oxidation increases. The fatigue’ occasioned in the
freshly polished copper and cuprous oxide in two hours, requires
about three and one-half times 23 long to be produced in the
higher oxide.

These plates on examination after exposure showed de-
cided changes in the character of the surface. - The polished
sopper had become dull and had taken on the appearance of old
copper surface exposed to eair for some time, The cuprous oxide
had changed from a reddish brown to about the same appearance as
the copper had after exposure., The cupric oxide, originally
black, became dark reddish brown after 7.25 hrs. in ozone.

The radiations from iron,'mggnetic oxide and ferric -

oxide surfaces are given in Table 8, but show in this case the

-
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opposite effect, with tho lower oxide, that i# fatigues about
three times as rapidly as the freshly polished surfacs. ’Ba%ﬁ'
the iron and mognetic oxide surfaces showeithat further oxidation
had token place; the polished metal had become dull and the blue~-
black magnetic oxide had taken on a reddish brown cast. It is
probable that the film of higher oxide, formed by the ozona on
the magnetic oxlde surface, was much thicker than that on the
iron, which mey account for the greater fatigue. Tho ferric
oxide showed no fatigue nor was its appearance changed by the
exposure,

Table 9, giving the results for tin, the "tin oxide™ .
before described, and stannic oxide, showa again a more rapid
fatiéue for the lower oxide than for the pure metal, and no
change whatever for the stannic oxide. An ingspection of the
polished metal and the "tin oxide" surfaces, after the test,
showed the formation of stannic oxidé b& tha ozone, the film
formed on the tin oxidéhbefg%preciably thicker than that.on the
tin, The stannic oxide surface showed no change in eppearance,

The fatigue of tin seems to have the peoullarity of |
boing slow in starting under any conditions, not appearing until

the third hour in ozene, while other metals experience from one

-
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to four per cent. fatigue during the first hour of exposure in
this gas.

The fatigues for the fresh surface of zinc and for a
surface covered with a layer of zinc oxide, whon exposed in ozons,
are given in Table 10.

The radiations from the freshly polished surface dimin-
ishes rapldly, while that from the zinc oxide surface remains con-
stant,

The results for fresh surfaces of lead and silver ex~
posed in ozone are given 1n Table 11l.

By comparison of Table 11 and Table 9 with Table 1, 1t
will be noted that the fatigue for lead, silver, and tin, pro-
gresses at about twice the rate in ozome that it does in air. -
Comparison of Tables 10 and 1 show that zinec fatigues about
fifteen times as fast in ozone as in alx.

These surfaces after exposure 211 showed evidence of

. oxidation, the lead espocially being very badly tornished.

Lastly, o few exporiments were tried to determine the
radisting powers of those oxidized surfeces compared to the pol-
ished metal, and the results f9r$00pper and -iron and their oxides

are .given below.
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Cu 100 Fe 100

ca O 95 Fe ¢ 94

Cu 0 92 Fe O 84
The cuprous oxlde and ferro-ferric dxide films were very thin,
perhaps not over a few wave lengths of light in thickness and yet
their effect on the secondary radiation is very marked. The same
qualitative relations hold for the tin oxide surfaces used and in
fact 1t may be said, that in every case in our experience the ra-
diation dmcreases as oxidation progresses.

During the course of the experiments, a tin and a silver
plate accidentally became amalgamated, and I was surprised to note
that these mercury-coated surfaces gave much more radiation than
the pure metals., Quantitative measurements of this increase in
sensitiveness have not yet been mede.

The six freshly polished metals and three lower oxides
tested all showed fatigue when exposed in ozone. O0f the five
highost ozxides tried, but one showed any fatigue and that rola-
tively small.

The fatigue suffered by cupriec oxide was probably due to
the further oxidation of sub-layers of the lower oxide which we

might expect to be present. The change in appearance of the

36.
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surface indicates some chemical reaction or physical change,which

might produce a change in the radiating power.
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SUMMARY OF RESULTS.

Freshly polished surfaces of lead, tin, silver, and iron
show; fatigue, while those of aluminium, copper, and zinc exper-
ience 1little or no change in their secondary radiation,

Nlone of the oxidized surfaces shows any fatigue in air.

A1l tho metals tried gave fatigue in ozone with =so-
companying change in appearance of the surface, due to oxidation.

All the lower oxides tested, fatigue in ozone.

Hone of the highest oxides, with the expeption.of oupric.
oxlde, shows any change in sensitiveness.

The radiating power of & surface decreases as oxldation
progresses.,

The results obtgined by Professor lloxre have been confirm-
ed with the exception of those for freshly polished lead, and for
unpolished.;inc, in air, although in either.case it would be dif-

ficult to say whether or not the surfaces of the plates wers in

the same condition in.the two experiments. -

8.
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COXNYCLUSIOHN,

n  vee St tmp  Gmwe e Gmm Sees  Sean  mam

It appears from these results that there 1s a cloge re-
letion between the behavior of the surface when exposed to X~rays
and 1ts "chemical stability".

The theory that fatigue is due to great absorptive power
of ozone, when absorbed or edsorbed by the metal, is evidently
not applicable to this case; since it doeé not account for the
abgsence of fatigue from a chemically stable surfacs.

The results arc also against disintegration theories,
for particularly in the ozone oxperiments there were just as many
atoms to disintegrate after oxidation as before, in factsa number
of oxygen atoms had been added. If a density law of absorption
holds, the oxides would probably have less absorbing power than
the metal itself, and the docrease in radiastion can not be ﬁ;-
counted for b& assuming increased absorption of the radiatibﬁ&
coming from the body of the metal., This limits the seccndary
radiation mainly to & surface effsct.

The explanation of fatigue upon o basis of chemical

stébility would lead us to expect that the more stable a gurface

# -
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the iess the fatigue. This order is followed, without exception,
in the results given.

The simple hypothesis of the fatigue depending upon
oxidation or at least primarily cn chemical change of the sur-
face, serves To ecxvlain these results while their oxplanation on
other grounds is loss appuront.

In conclusion, I wish to extend to Professor lore my
nost sincere thanks and appreciation, for his suggestions and

direcation of this work.
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