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of t l ~ c  organism ancl its passage througl~ soil has, 
tl~crcforc, an iniportant l~caring on thc tecl1nique of 
seccl inocul n t ion. ' 

A nlodiiication of Winogratlsliy's technique for 
st;~ining l~acteria ill soil (1024, Cowptes r e i ~ d .  Acad. 
Sri. ,  vol. clsxix, p. 367) has ellablecl the prescnt afithors 
to follow the passage of tlie nodule organism through 
sterile soil. I t  lias been found that  they will progress 
tl~rougll light soil a t  an approximate rate of onc inch 
ill 24 hours, though the rate is affected by the soil 
trxture. When a drop of water containing tlie bacteria 
~ I I  tlle rod stage is added to sterile soil, the  sprearl 
of the organisms fro111 the point of inoculation tloes 
not begin until after a considerable interval, and its 
commencenlent is accompanietl by the conversion 
of a. large percentage of the  bacteria into cocci. If 
the inoculun~ consists of a suspension in milk, the 
l~acteria l~cgin to spread througl~ the soil after a 
shorter interval. This is perhaps an explanation 
of the successful results obtained by using a suspension 
of the bacteria in sltilll mill< for wctting the seed, a 
tecl~niqoe now practised in Scandinavia for inoculat- 
ing lucernc. The effect of nlillr also emphasises how 
importa~it is the naturo of the liquid used in ~nalcing 
t l ~ e  bacterial suspcnsion for seed inoculatioii. 

13ewley and Hutcliinson (qJoum. Agric. Sci., I gz I ,  
\iol. X. p. '44) founcl tha t  tllc production of the 
motile coccoitl stage of Bacillus radicicola was greatly 
stimulated by the presence of pllosphates. The 
effect of inoculating sterile soil with a suspension of 
t l ~ e  bacteria in slcim nlillr containing 0.1 per cent. 
solul~lc calcium phosphate, CaH,(P04) + 2H20,  was 
therefore tested. It was then found that the spread 
of the orgallisills froin the point of iiloculation coin- 
menced alnlost immediately. I t  seemed probable 
that the use of a bacterial suspension in the above 
solution for wetting the seed would increase the 
chances of nodulc formation by liastening the spread 
of organisms froin the  seecl-coat, and thus increasing 
the volunle of soil explorecl by them in a given time. 
Pot culture tests of seed inoculatioll were therefore 
made witli lucerne, in which a bacterial suspeilsion 
in a 0.1 per cent. soll~tioll of Ca134(P0,),+zH,0 in 
sltinl milk was compared with a suspension in sltinl 
milk alone, such as is now in practical use. 011 
averages of 10 parallel pots, increases in nodule 
nnmbers of 93 per cent. and 73 per cent. were obtained 
in two experiments by the addition of phosphate 
to the inillt. There was also a favourable effect 011 
the yielcl of the crop. Tlie worlt is being continued 
ancl will be publislied in detail a t  a later date. 

H. G. TIIOKNTON. 
N. GANGULIUT. 

I:totl~amsted Experilnental Station, 
Harpcnden. 

1 1 2  a capillary tube, A, Fig. I ,  witli a wedge-sliaped 
cut in i t  a t  a distance of about 10 i n n ,  from its u pcr l' end, a t  right angles to, and dcep enough to Illare a 
breach in one side of i ts  aperturc, is lowered slowly 
into water thc rising colun~n of water pauscs for an 
instant when it reaclies the  gap, which is necessarily 
higher than the surfa.ce of the water into wliicli the 
tulle is being dipped, ancl the11 lcaps past i t  and rises 
to tllc top of thc aperture. 

When this tube is fixed in a cork as shown in Fig. I ; 
t l ~ c  corlr inscrtetl as a stoppcr into the mouth of a 
cylindrical vesscl, 13, containing water ; the vessel, 13, 
fixecl in a circular piece of corlc whicll acts as a stand 
for it ; ancl a sniall sheet of thiu blotting paper, 0, 
tl~.;iwn far enongh into the cut to toiicli the threat1 of 
water in tlie aperture, the capillary tube acts the part 
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of tlie stem of a plant, the l~lotting pa.pcr that  ol a 
Icaf, and trailsl~iration commences a~ltl c o ~ ~ t i ~ ~ u e s  un-  
interruptedly through t l ~ e  1;itter so lollg as tlic water 
lasts. A current of water flows up the t~pcrturc of the 
capillary tulle and tlirougli tlle g i ~ p  i l l  it to the l ~ l o t t i ~ ~ g  
paper from wllich it is evaporatccl co~~tinuously with- 
out creating any visible disturl~ancc ill tlie thread of 
water containecl in that  part oi tlie apcrture al~o\.c 
the gap, As the surfacc of the water inside tllc vesscl,. 
13, is being lowered, air flows into tlie spacc :rbo\re it 
tllrougl~ a fine capillary 
tube, a, wliich passes A 
through the corlc near 
the larger tube. 

111 an euperime~it with 
this apparatus carried 
out in May 1922, the b 
dimensions of the shcet 
of blotting papcr were 
33 111111, by 43 nlm. ?:lie 
edge of tlic sheet was 
clrawn into the cut by 
means of a thread which 
passctl rountl the back 
of the capillary tube and 
slightly conlpressed a 
small inclia-rubber tube 
which actecl as a spring 
to lrecp i t  taut  as shown. 
On placing tlie apparatus 
on one scale of a 
chemical balance ill a I,.,,;. ,.-Cnl?illnry to i l ~ ~ ~ ~ l l m ~ e  
glass case, in which there crnnsl,il;~<lol,. II;rlfrcnl stxc. 

was also a basin contain- 
ing chloride of calciuni, and balancing it with 
weights in the otlier scale, i t  was found tha t  w11cn- 
both scales were left free to  move, one rose and 
the other fell so rapidly and conti~luoi~sly t11;rt thcir 
movement was clearly visible to tlle unaided cye. 

Observed during a periocl of 401 minutes, i t  was 
found tha t  tlic total weight of water evaporated in 
that  tinie amounted to 1.1.958 gm., or a t  the rate of 
2.43 ingnl. per minute. The aperturc of the capillarji 
tube was elliptical. I ts  area in cross-scction, sscer- 
tailled hy calibration wit11 a t1irca.d of mercury 93.2 
min. ill length a t  20° C. and weighing 3.21 mgm., was 
0.02542 mm2. I t  was thus equal to  that of a circle 
0.18 mm. in diiunetcr, ancl tlie velocity of flow of 
water in the apcrture was a t  the ratc of 95.5 mm. 
per minute. W. GAI,I.OWAY. 

17  Park Place, CardifY. 

The Ballistic Theory of Light and the Michelson- 
blorley Experiment. 

I N  a note regarding my theory of variable stars, 
published in Nhrunlr of Octobcr 11, p. 550, it is 
suggcstecl tha t  soinc tliificulties woultl probably arise 
on the grountl of the Michelson-Morley experiment. 
As the point is a very important one, 1 sIio111tl 1)e glad 
if space can be given me to  lnalte it clcar. 

The ballistic principle, on whicli iny theory is 
ei~tircly based, requires tha t  light cniittecl iron1 a. 
source nlovable relatively to thc observer shall 
cxhibit a velocity compounded of tlle comtnon velocity 
c and of that  of thc source. As in thc Michelson- 
nlorley experiment tlie source is a t  rest in respect to 
the observer, the ballistic principlc rcquires that light 
travels with tlie same velocity c i n  till directions. 
I-Ience n o  displacement of the  intcrfcre~icc fringes may 
appear in revolving the whole i~p1)ariltus. Tlle 
negative result of Micllelson-n*l'orlcy ex >cri~ncnt 
eviclently agrees with the bdlistic thcory, '!he same 
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agreement must hold, in all the experilllents directed 
to detect the total motion, for the  ballistic principle 
has been just introducer1 from liitz for the purpose 
of extending the n~echanicnl principle of relativity to 
all physical phenorncna. :This incans that the ballistic 
theory is a relaliwislic one, like tha t  of Kinstein, with 
the two advantages of preserving classical lnechanics 
and of explaining variable stars. 

For the salre of completeness, i t  must be relnen~bered 
that  only in one event would the  Michelson-Rlorley 
experinlent trouble the ballistic theory, that is, only 
if in repeating the experilllent with extra-terrestrial 
light the  result were also negative. Of course, an  
astronomical light source is not draggecl by the earth ; 
light speed, therefore, on the ballistic theory should 
appear t o  a terrestrial observer difierent towards and 
normal to  the motion. Thus, a11 effect should be 
expected. As a matter of fact, this experilnent pro- 
posed by myself in 1912 (Nzlovo Cint. vol. 3, p. 345, 
1912 ; Phys. Zcit .  vol. 13, p. 1129, 1912), ant1 recently 
attempted (R. Tonlaschelc, Ann. d. Phys. 73, p. 105, 
1924)~ canilot give a decisive result, for many cliffi- 
culties illcrease when the light falls on a movable 
mirror, as I have already pointed out ( A m .  d. Phys., 
75, P-- 195, 1924). 

111 conclusion, ballistic theories are very promising, 
because they enable us to explain all the phenomena of 
classical optics and electromagnetism, iilcluding the 
cleflexion of light rays near the sun, and they are also 
fruitful in explaining variable stars, while they finally 
reconcile both the undulatory and the quantum 
theories required by recent cliscoveries. 

M. LA ROSA. 
R. Universith-Istituto IGsico, Palermo, 

November 18. 

The Rare Cases of the Atmosphere. 
ONE of the u~isolvecl cluestions of geophysics is 

whether the earth's atnlosphere is mainly primitive, 
or whether its constituents have for the inost part  
been evolved froin the interior of the earth since 
solidification. Dr. Aston's letter (NATURIS, Nov. 29, 
p. 786) may help to answcr this question. The 
tendency of a gravitating planet to  collect heavier 
inolecules to  itself, and in certain circumstances 
to lose the lighter ones, woulcl not by itself accol~nt 
for the rarity of the inert gases. Xenon and lrrypton 
have the highest niolecular weights of all the 
atmospheric gascs, ancl woulcl therefore be the nlost 
abundant if this were the sole explanation. Possibly 
the ability of other elellle~lts to  forln stable solicl 
and liquid compounds has co-operatecl. If so, we 
inay contemplatc a heated primitive earth surrounded 
by a tenuous atmosphere collsisting largely of the 
rare gases as a t  yrescnt re resented, with the possible 
exception of heli~im. !-he greater part of the 
atmosphere, the water, ancl perhaps the helium, woulcl 
have been enlittccl from the interior in the  course 
of the earth's development. 

I am much iilclebtcd to the reviewer for his careful 
alld lcind notice, in NATURE of November 22, of lily 
book " The Earth." He has, howcver, misunder- 
stood me in regarding as a lower limit Iny estinlate 
of 0.14 astro~lolnical unit as tlle radi~ls of the primitive 
sun, a t  thc time of the tidal encounter. I t  is an 
upper limit, based on the fact tha t  the sun would 
have been too cold to be gaseous if its size were any 
greater. I d o ~ l b t  whether any serious change will be 
necessitated by the sudrlell cleat11 of the giant and 
dwarf theory while lily book was in the press, but  
cannot as yet be sure. 

HAI~OLII JBFPREYS. 
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The Temperature of Mars. 
IN a recent paper (Pub. Ast. Soc. of the 12;lcific), 

Nicliolsou and Petti t  calculate the t e m p c r n t ~ ~ r ~  of 
the planet Mars, based 011 their radiation Ille;,sures 
made at  Mount Wilson. Most confide~lce is ~ ) l a c ~ d  
011 measures made in the region 8 to  I ~ P ,  by the 
of filter screens, and an enlissivity of unity is assunlc(1 
for all wave-lengths. However, Mars, being 1)rob- 
ably composed of nlaterial not unlike the oartll, 
woulcl radiate more like sand or quartz than li\<e a 
blaclr body, and i t  call be cdculatecl fro111 curves 
given by Wood (" Physical Optics ") and data given 
by Rosenthal (Wied. Ann. 68, p. 783), t-hat the 
average ratio of the emissivity of quartz to that 
of a blaclc body in tlle region 8 to I4P, is 08819. 'rhe 
values of the elnissivity of q11artz gi\~en ilrc Jar 
below that  of a black bocly between 8 nncl lop ; 
they are nearly the same from 10 to 1 4 ~  ; tllc aver,ige 
ratio is taken. 

I t  is believed tha t  temperature calculations usillg 
this value for the emissivity, and the fourth power 
radiation law, will be Inore correct than when an 
emissivity of unity is assulned. For a given arnou~lt 
of received radiation, the telnperature of the rarliat- 
iilg body will be higher for a lower emissivity. Accorcl- 
ingly, the temperatures T given by  Nicholson ancl 
Pettit have been recalculated by applying the mcthocl 
separately to  each value of T. 

T4 
Toi = 0,81g. - - - , - - - - -. - 
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CARI. CI.IASII. 
Norman Bridge Laboratory of I'hysics, 

Pasaclcna, Cal., November 15. 

Low-Voltage Arc Spectra of Copper. 
IN my letter which appeared in NATURE of October 

4, p. 501, I reported worlr I hacl carried out on tile 
low-voltage arc in copper vapour. I have since then 
succeeded in obtaining the line absorption of 1.1orma1 
copper vapour. The. lines which are certai~lly a])- 
sorbed, and which, therefore, should be I S  ~0111- 

binations, are : 
3247'55 2244.24 
3273 '97 2225.67 
2492.14 2165.06 
2441 6 3  

With slight uncertainty there are also the lines : 
2181.68 
2024.33 

111 addition, I find from combinat io~~s that ,2178'91 
should also be absorbed, but  this is not suilicielltl~ 
resolved from 2179.39 by the sinall spectrograpb use(l. 

13y subtraction from the tern1 IS, the d ~ o v c  lillcs 
give energy-levels which are all coniirmed by corn- 
binations with other lrnown terins of the copper arc 
spectram. Fro111 the arc lines previously ~-eportc(l 
I have also calculated a number of other tcrms. 

A paper is being written incorporating all thesc 
results. A. (;. SIIIINSI'ONIP. 

University of Toronto, 
Toronto, Canada, November 26. 




