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S C I E N C E  N E W S  


DR. LANGMUIR ON ELECTRON EMISSION 
RECENT discoveries i n  elecitron emiesion and 

current-zcontrol were desoribed in a series of three 
lecctures by Dr. Irving Langmuir ~t Oarnege 
Inskitub of Technolagy, Pitt.sburgh, on Novem-
ber 27, 28 and 29. Dr. Langmuir's auditors 
during the series were scientists, engineers, indue- 
h i a l  exewitives and students of Carnegie Tech, 
m d  his world-wide reputation as a research phys- 
iaist with $he General Elect& Laboratories 
Schenechdy attnacted cqrucrity audiences. Synop-
ses of Dr. Langmuir '8 three liecitures follow: 

EL~CTRONEMISSION F&OY HEATED METALS 

Wh*en metals are heated i n  high vacuum, elec- 
tron, or atoms of negative .ele6tricihy, evapora,te 
5 ~ o m  their s~r f~ace .  I f  ithere is anoither electrode 
in ithe evacuated space which is  given a positive 
charge the electrons drif~t over Ito $his electnode 
(anode) so th t  a current flows bckween the two 
eleotrodm. Dushmm has recenkly derived an 
equdition which should supersede the well-known 
Richardson equation, giving the relation betweem 
&he electron c u r r e ~ t  and the tempwa%ure of the 
cruthode. The adva'anitage lof this new equation is 
Ithat there is only one con&ant which we need to 
know for each different caithode material, instead 
of two cons'ta~ts which were necassiary for the 
Riichardson equation. 

The electron emission from a large number lo& 
different materials hm recently been measured. 
The thoriabed tungsten cathode gives a current act 
a temperature of 1,500" ab~olute, whioh is about 
130,000 ,times greaher than that from ordinary 
tungs~ten. Measurements have also been made of 
oathode materials that ha~re oven much greater 
emissions. 

Tn order to  gat all the current that a cathode 
i4 capable of giving, it is necessary to apply to 
the anode a high enough voltage to overcome mhat 
is knov~n as the space eharge effect. By putting 
in gases positive ions are formed in the space 
between the electrodes, and these neutralize the 
negative space charge and allow khe curreat from 
tho cathode to pabs across the space with much 
lower anode voltages. I n  ather words, the effect 
of gases is to inorease the curreat-carrying oa-
pacity of the two. Xuch an effect is used in the 
Tclllg,?s rectifier. Care must be taken what gas 
is 11sec1 for the purpoise, for many gases have hhe 

effeclt of pokoning the oalthade, m d  cutting down 
its emkdon to a small value. 

I f  very high voltages are nsed on the anode, so 
as to produce intense eleotric fields, it is possible 
$0 pull eleckrons out olf lthe carthode. I n  faot, it is 
possible to pull electrons even out of cold cath-
odas, that is, eathodes at ordinary temperatures. 
The eurrenits obtained this way from ithe cathode 
come from very minnte areas, but in these areas 
the current demity amounts to  more tshan one 
hundred million amperes per square inch. 
ELECTROX EMISSION BROY THORIATED FILAMENTS 

The thariated rtungsten filamed is a tungsten 
filament containing one or two per cent. of tho-
rium, usually in ithe form of oxide. When sueh a 
filament is heaked, to abourt 3,500° Centigrade, a 
Gtitle of the tharium oxide is changed i n ~ o  metallie 
thorium. I n  the mewtime, however, any thorium 
on the surface of the filamervt evaporates off, 
leaving only pure itungaten. I f  lthe filament tem- 
perature is then lowered to about 1,800°, the 
thorium gradually wanders or diffuse^ through the 
filament, land when it reaches the surface, if the 
vacuum is very perfeat, remaims there and gradu- 
ally fiorms la layer of thorium atoms which never 
exceeds a single atom in ~thickne~s. The thicknws 
of rtkis film is therefore about 1/100,000,000 of 
an inch, and yet this film increases ,the electron 
emisdon of the filammk more than one hundred 
tl~ousand fold. 

Of course this useful film is very sensitive and 
needs some proitaction to keep i t  in good condi- 
tion. Very slight Itraces of water vapoT or other 
gases would oxidize ~ t h k  film and destroy it. This 
oan be avoided by put&ing in the bulb some sub- 
@tame that will combine with the mater before 
this has a chance to atltack the thorium film. Such 
a substance is metallic magnesium. Furtherniore, 
i t  is necessasy to amid  heatiing the filament ho 
too high a temperaiture for otherwise the film 
might evaporaite off. Lt  is therefore beat t o  oper-
aite suoh fifa#ment within a rather narrow range of 
temperaicnre close Qo 1,700° C., where the ratio 
of evaporation is  very small, and where the  tenn-
perature is high enough far the tkorium padually 
to diffuse to the surface and continclally repatr 
any damage done by the effect of slight traces of 
residual gases. 

The thoriated tungsten filament opens up many 
new fields of sciegtific invmtigaition. By meaaur-



ing the electron currents, i t  is possible to deter-
mine accurately exac,%ly how much aorium Is 
present on the surface. An amount of thoeum 
corresponding to only 1/1000 of the surface cov- 
ered with a layer one atom deep is emily measur- 
able in this way. I t  is possible to knock off a 
thorium film by bombarding it  a-ith positive ions, 
moving a t  high velocities, and in this way the 
tnue nature of this bombardment can be deter-
mined. 

METHODS O F  COXTROLZING ELEGTROF CURRENTS IN 

RIOE VACUUM 

Xost of the applications of high 'acuum tubes 
have depended upon the control of electron cur-
r a t s ,  as, for example, by the gnid in the three 
electrode tube. The adion of the grid is due to 
the charge on the grid modifying the space charge 
effect. This LY the action rthat is employed in 
practically all tubes used to-day for radio trans- 
miasion and receiving. There are many other 
methods, however, of controlling eleatron c~irrer&. 
A very important a~ethod is that used in the mag- 
neton, where there are only tn-o electrodes in the 
evacuated space a~ad the control is obtained by 
means of a magnetic field generated by an ester- 
nal coil of wire. A still simpler f w m  of magneton 
suitable particularly to very large pomer tubes, 
oonsists of a very large filament in tne ax& of a 
cylindical mode 1~6th cery large straight fila-
ments. The mapeitic field produced by the cur-
rent through the filament js enough to prevent 
electrons f l o h g  between mthode and anode. By 
heating the filament 155th aiternating current, the 
current periodically falls ito low due and at  these 
tiirncs current can flow to  the anode. This gjves 
a pulsating or osoillating current, ivhich can be 
used for radio transmission. A 1,000 kiloaath 
tube of this kind is in process of development; 
prelinlinary tests have been in every way satis- 
f&ctory. 

Another form of tube by wl~ieh elel-tron our- 
rents can be controlled is the Dynatron. This 
depends upon subje~hing one of the three elec-
trodes in the tube to electron bombardment in 
such a \ray a i  to  cause elscitrons to be splashed 
m t  of it, just a3 waiter can be splashed out of a 
cup by attempting to fill i t  too rapidly from a 
faaeet. A tube of thEs kind acts like a real ncga- 
tire resistance, and can be used for producing 
electljcal oscillattions with considerable efficiency. 

One of the most important applications of elec- 
tron c2ischarges from hot cathodes is in the 
Coolidge X-ray tube which is now almost uni\-er- 
sally used as la source of X-rays. These tubes 
were first made labout 1913 and are gradually 

being improved in m n y  respects. The latest 
type of tube, suitable for use by dentist#, i s  a 
small tube veighing only a few ounces, and only 
about three inches long, Because of the special 
features olf this tube, the enrtire X-ray outfit9 
including the transformer, lead screen, regulating 
apparatus, etc., ~ e i g h s  only a felr- pounds and 
takes up a space of only a snlall fraction of a 
cubic foo~t. One very great advaatage of this 
new form of tube, besrides its convenience, is 8 s  
absolute safety, eren in the hands of inexperi-
enced operators, for there are no high voltages in 
m y  part of rthe apparatus which is accessible. 

EYE HOLDS SECRET OF TRAFFIC SAFETY 
Science Service 

A "LOOK-OSE-JV-AY" traffic system as a pre-
ventive of many of the frightful automobile acci- 
denLs of America's deadly streek8 has been sug- 
geslted by Dr. Raymond Dodge, ~utthority on 
visual p~ychology and head of the psycho~ogieail 
section of the National Resenrch Councii. T r i d c  
signs, signals and routes sho~~ld  be dehermined rtc- 
cording to a thoroughgoing study of mhat the 
l~uman eye cm see easiest. 

"In t,lle present regnlaton af traffic, bolth driver 
and pedestrian never cover less than forty-five de- 
grees of \-isual angle and may be required to lo,ok 
over an angle of over ihp"o hundred degrees. Such 
a range of vision is humanly impossible nitbout 
moving the head from side to ~ d e .  Thig always 
in~oloes an interruption in the view of the paxi 
of the mtreet from which trouble may come. One 
of the greaitest dangers la crossing the street 
crrmes from vehicles t h t  suddenly emerge from 
a side streeit. 

' (As a matter of safeity hhere are grave doubts 
a8 to whether the present regulations that limit 
pedestrians to a narrow sicreet crossing a t  exact 
intersections of street~s is the best practioable 
soluvion. I t  may he more conrenient for drivers, 
but the exact interseition of streets is most dm-  
gerous for pedestrians. Behind waiting cars is 
safer than in front of them. Twenty feet from a 
cross sxreet would dkuinirih the probability of 
being surp~iqed by turning cars. 

"Use of all parallel ~dreots as one-may rtreets 
wmld be a peah utdvanta.ge. There is a slight 
but; real difference beheen the sides of the street 
for pcdcst.rians. It c a n  be demonstrated that the 
Mt-I11nncl sidenmllr is sn~fcr. When ?,he pedestrian 
is on th'e left sidewalk about to eross n streei he 
has to %~>at.ch only nutomobiles on his left and t o  
the right of him, nllile a rvnlker stepping off the 
night hand side-wall< across a ,street has to be alert 
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to possible danger on his left, t o  his left r w ,  
and to his right. I t  is well known th& the left 
hand side of the street s11ould be used by pedw- 
ltniang when sere is no FJidcvalk. " 

There is a very real and dmportaat problem 
wi,th respect to the ideal construation of a traffic 
si-. Eow many words would be read in the 
available time? What ,tvouid be the minimum 
size of letters? What sholuld be the structure, 
place, color and oontent of signs? He contends 
th~at there is already a body of practicaJ esperi- 
a c e  and scientific information ayailable which 
would only need to be adapted to highway use 
m d  expeljmentally justkfied. 

For instance, he said, it h a 9  been thoroughly 
demo~wtrated 'that ssdlts do not read familiar 
wmds letiter by latter by famiyir letterb ~ ~ t  
groups. Yet, here in  Washington, we have signs 
?eading "810." Dr. Dodge wid thqt when he 
first saw that Strange sign i t  took him many 
times the effort and time to underrtand and inter- 
prct i f  that would hare been suficient f.w 
1'81m.1' 


The nature and $dime of hand and arm &g-
nab by automobile drivars should be also regu- 
l a t d .  Tiley are wmetimes short, and sometinles 
long, sonletimes asrly and ~ometirnes lzte. The 
continuous indioatiwn of a drirer ,s intentions be- 
@ d n g  at  l a s t  five seconds befiore a movement 
k executed and conbin~ing uutil a movemenit is 
completed would be a great advantage." 

Traeo  policemen should wear m l ~ t e  sashes and 
trolley posts should be painted in alternate bands 
of white and black 60 increase their optical use- 

PREDICTS WINTER WEATHER BY SUMMER-

TIME TEMPERATURES 


Science Service 


FORF",CASTIXOthe rainfall for the oonling winter 
and spring from the pnlst suunner's ocean tem-
perat'ures, Dr. Geo. F,IlcEnen has predicted that 
the 9outh:rn Cslir'oraia coastal region will receive 
about on2 half inch less than its average rainfall 
during *he season 1922-23. E e  suggestrd tho pos- 
sibility of :applying the same system to predic-
tions oror zriore e:;tenntire areas. Dr. IIcE~-ien is 
neither a go,ose-bone prophet nor a cryst'al gazer, 
but the oceancgra..phcr connected with the Scripps 
Insfitufu'iio~zfor Biological Research. He bases his 
system of forecast*; con oaroful1,y ~vorked out ob-
servations during the last six gears. 

These observations show that when ,the oee'an 
tomperaturo averages colder than usual the rain- 
fall in heavicr than usual and when the summer 
seas are warmer than 'the average the subserpent 

rainfall is smaller than the average ~a infau .  A\ 

fall of one degree in  kemperature corre5ponds OIL 

$he average to  an increase of about two inches in 
the rainfall. 

Rainfall in  the Swjthern Califor& coastal re- 
gion depends mainly upon the flow of the mois- 
ture-laden air from the Pacific is propw-
tional to [the amount of the air transferred. 

This in turn depends on the famation of a belt 
of high air pressure over the continent, he ex-
plains. I n  summer the barometric pressure b 
greater over the oean than the land for two 
reasons. The wind velacity over the smooth 
water surface as7erages two or three times as  
great as that over the relatively uneren land and 
in summer the air iIo\'s from the land. But as 
the season advances to  winter, air flows lover the 
land from the x-wter and carries a p e a t  mass of 
air fronz the Paeific, Ocean to lthe North Amer-
iiwn continent. 

Enough pressure measurement^ orer the Nonth 
Paeific on which to b a e  predictions being nn-
:~vailable, Dr. McEwen used the knomn relation 
between pressures and sufface ocean tempera-
tures. The velocity of the minds which mwe 
clock n~ise over the P a d o  depends on the air 
pressure and the qpmelljng of cold bottom watm 
along the coast and therefore the rate of cooling 
of the surface w&er is proportional to the wind 
velocity. The lower the ocean temperaiture a t  crr 
near the surface during the late summer amd 
autumn, he declares., the greater must be the in-
tensity of the ocean belt of high air pressure and 
accordingly !the greafter will be the expeeted aea-
sonail rainfall over the coastal region of Southern 
California. 

When asked wh5ch days vould be the rainy 
ones, Dr. Ewen explained that long range fore-
oa55ng is only done nt ths sncrifiee of details and 
for daily infwmation he ad~ised ~ ~ a i i b n g  for ,the 
regular gororument forecast issued twenty-four 
to forty-eight hwrs in advance. 

Another exanzple of suacessful long range fore- 
casting is the predichion of the monsoon rainfall 
of India, month:. in :id\.:~llee,by mems of ob-
servaitiions on n.:-nlo:pl~ciil?pTe,;bure distributions 
over ~ a s t  areas of land and .cvait.er. 

ECilPSE EXPEDITIONS IN AGSTRALIA 


By Isabel Lf. Lowi3, c.8. Naval Obserratorg 

Science Service 


Swrn have eclipse expeditions been favored 
with fairer skies than spread over tlhe entire con-
tinent of Australia on the eventful day of ithe 
total solar eclipi?e of last September. From 
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Wallal on Si:lcty-Mile Beacli In north:veslern 
Australia to Goondiivyndi and S,$antborpe in  
Queenslsnd all forms of eolipse obaervtrit~ioms rrere 
lnarie by a host of astronomers from iixnny lancls. 

Shadoir-ba~lcls, fleetiin$ 1niza.r shmadoxv, a never-
to-be-forgotten pearly coronal l g i ~ t ,  four, enor-
mous, equa.tor,ial st:.eamers, petal-formed and 
arched, a 11lilHon ancl more miles in length, five 
brilliant pl'anets and a atal. of first magnitude, 
8pi-$3, 11ear tlie sin], e~ l ip sc  g;-.rnpl~c~:.n:~lia #allof 
kinds and shapes mn.ri i~~ul~.led 1 , ~Icndil~g astroii- 
omws fl.om mnny lands, crea a goreraor i z i  
attendance, Irere features of ,this eclipse. A.n.3 
what iilore was to  be desired to make a. perfect 
success of a perfect eo2ipe day? 

The most i!l~:,ortrnt lent,ure of the eclipse frcni 
4he rcs t rc~~~o~nic i~l  point of view was t,lie sac.cessfnl 
exposure of many phoitogr:~;p!~ic. plates i ~ i t h  ast1.0- 
grapliiia telescopes a t  a,ll lioin'is of observx.ti.on in  
Ausiraiia. These plactes, it 'is hoyed, may rereal 
the slight displscements of the 38Ectar-images from 
their ~ i o r ~ n a lpo.itions li~loivn as  the Einstein 
effect, diie to the beading of light sags b y  the 
snn'a gravitational field, rrbicli 'is a vital test of 
the Eins te i i~  theory. 

At Wallal, where observa,tions u:else made by 
Oauadian ast,ronoolers, by a n  expedition from the 
Lick 0hserrmt.ory under Director W. W. Camp-
bell, and by observers from New Zealand and 
various obsorra,t.ories in 2kuatralis, particullar 
attentioll iv:~s given to this problem. O7,ving to 
the g r c u  clouds of ~lusit Uiat aroze after totality 
was over i t  :ras impossible (lo develop the plates 
at Wallal and tliey \mere shipped to B~cwnne, 
~vlierethey were developed later. The en.iling of 
t~heir sll'ip nlade i'c nece?marg for  t,lie Anlerionl~ 
nat~ronomers t o  enibe?'a for lzoinlo before these 
p l a t s  r e r e  developed. I t  is only rece~itly that 
theae dercloped plates arl ired in  the United 
States and the scientific TX-orld i s  now avait ing 
with the liveliest interest tlie announcement of 
the rewlts of tho mea;;lureinents of thwe plates 
~v11'ir.h i~ is hoped xrill bc fol.:hcoming before 
men1 dnys linre passed. 

Astronomers from obser~akories i n  e.aster.11 Aus- 
tlsalia who made obscrvatioas alt GoonCti~vindi and 
Btanthorpe, though entllusiartic. bout the eclipse 
as  a scenie feature, deplore Lhe fac t  thnt the 
"~eeing," a; astronolners call tlia'c s ta te  of the 
atmosphere that i s  such a r i ta l  factor i n  deter- 
mimng the 1-alue of obbur~atioxs, was particu-
la?l,y bad. As a rosult they are pensimistic m to 
Mie T alue of the nleasurements of the star-images 
tli:it xi11 be nlade on plates taken a t  these places. 
Tli:: celip3o ocei~ried a t  these points i n  the late 

a f t e r ~ o o n  ~o ihe  :i!titude of $he sun was much 
lolrer t l ~ a n  a t  Wallal wllere ithe eclipse occurred 
:$bout 1:30 P.M. The effeats of d m ~ s p h e r i c  re- 
frackion nnd other at*r~~o%phenic disturbances were 
connequelztly Inore pro~luunced ia eastern h u s -
'cinlia blinn at LtVallnl. It is generally felt  t h a t  
the I I IOS~  va,!uahlc results ~1411 be the ones ob-
tained frora plaxes talcen nt Wnllnl, tliough Direc- 
,tor Uodir.nll, of the C;o~,crrl::len'i. Observatory at 
~ a c l n i d e ,  is  said to Ilavo niade some excellent 
nljserv3cions a t  CorZillo Domns in  central Aus-
tralia. 

1:i~t~uii:ents were t~:lnsp,or,t~d to  this paint from 
the rajl~onrl  torm minus by camel. train, an  ar(2uous 
undertaking ltoolr s i s  ~veelrs time, It is re-
ported to llace been tattended with complete suc-
cess, tlrougit no results of the reduc.tdons of plates 
in Australia are get  available. 

SCIENCE ITEMS 

Science Rercicc 


-1F A J ~ X~i-hic l~  terrapin for 1,aises dia~nol~rl-Lack 
the :narket hy tlionrjanLs has i?een conducted for 
!ilany yea,rs near Savannah, Georgia. 

ELEI~ATOXscreenings, ~ h l c h  grain elevat'ors 
have beell paying to  get rid of, have been auc-
cesnfully used t o  fatlen sheep in  Oanada. 

3'0~~7TilOUSAND separate and disit:act s8pecies 
of locusts, the Iiisto:ic pests which annually cost 
the world about $100,000,000 hare been ident;ificcf 
and colleated by Alnericall s6icntist.s. 

Tax re(ldis11 color of Mars is supposed t o  be 
due t o  great  stretches of desert on that  planet. 

TIIT:Zli-I., the airship nail' being bnilh for  the 
U. 8. X a ~ y ,will be 680 feet long, 73 feet i n  
diameter, and have twenty gas bags with a total 
exparity of 2,135,200 cubic feot. 

BY ::laking syllithetic i t i l ~ . ~ ~ ~ o l ,  drug tha t  isa 
used ex t e~ l~ i r e lyas an  anigiseptic and a specific 
against the hookworm di.sea,se, Department of 
Agricu1tni.e chern,i&s have agacin vanquished 
Nst.u?e at: her on-n game. Thymol is now im-
portecl f rcm India, ~ l r e r e  it is found in  the seed 
of one of file plants p o s i n g  shere. 'The chemists 
have found tha t  artificial tllgmol identical with 
the natural proauet can be  marlo from oymene, a 
~vaste  produci,t i n  the  paper industry. Tli>mol is 
n o 1 ~  solrl f o r  $4.50 a ponnd, but: it i s  estimatGl 
that the synthetic product can be made for about 
$2.50 a pou:~d. As !:liere are 2,000,000 gallons of 
cpmene ~ ~ a s t e dannually in this country a,nd 
Uanoda, chemists expect tha t  this country will 
soon he able to produce all 'ihe thguiol consumed 
here. 


