
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 142.132.1.147

This content was downloaded on 01/10/2015 at 15:50

Please note that terms and conditions apply.

The Construction and Use of Oscillation Valves for Rectifying High-Frequency Electric

Currents

View the table of contents for this issue, or go to the journal homepage for more

1906 Proc. Phys. Soc. London 20 177

(http://iopscience.iop.org/1478-7814/20/1/311)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1478-7814/20/1
http://iopscience.iop.org/1478-7814
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


P l l O  I: I E' L I<; 111 SO OS 0 8 C I L L d TI0 S V.1 L \' E s, lii 

aiid for  light of ~vaw-lcngt l~ h,, t 6h, 

1 XI,+6h X dA +' -8h 
A 

i a -  2 . r r d X 0  
/L  ( e  + 8 n + Q) = { - - (Q - 

7r 

whence 

h CIA q w + q ) =  2 ----ax. 
L l r  tlh, 

Hence for coiiicideiice of the imids  due to the  monochromatic 
coiistitueiits Xu and Lo+&, we must h a w  

(U __ h ? l  d+ 
tlh, x, dh,)' 
. . - . 

wliich give.5 the best tliickue.?s of the plate. 
dA d+ d A Also - ancl - - n i u d  have the saiiie sign : whence - 

being negative, the angle  of iiicitleuce must increase 011 the 
positive side of the  noriiial with decreasing n-aye-length. 

c h  dh dh 

ATTESTIOX was directed 11: the :iuthor in  1890 to the  fact 
that if ti1.o carbon filoiiient.5 are se:iled iuto a single V a C u o l l j  

glass bulb so as to  iiinl;e :in iiicaiiclesceiit luiiip with two 
aeparnto carbo11 10011s; the resistance between these filn- 
meiits, though infinite wht.n the carbon is colcl, iJecoiiie5 

qnite siiinll as  soon a s  the  loops are  iiiude incaudesceut t. 
Illorcover, if n mctnl ylutc is senled into a n  iiic~indesceiit 
1;iiiip i t  wiis ellown that the q m e  betn.een the uietnl plate 
;tud the incandescent c:trboii tilainelit possesees R unilateral 

* Ilead Jlnrcl1 23, 1000. 
f S e e  J .  A. Iletning, lb 0 1 1  Electric b i r c l i a i y e  Let-men Elec t rode3  at. 

1)itttreiit Tempernturcs in Air aiid High Vncun," ~ ' T O C .  Roy. Soc. Lnnii .  
vol. slrii. p. I22 (1890) ; also " Problems OD t h e  Pliyeics of nil Electric 
Lamp," l'ruc. lio!nl I i i s t i t i i t i~ i~ ,  vol. siii. piirt 34. p. 4.5 (1 W). 
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conductivity, negative electricity being able t o  pass freely 
from the hot carbon to the plate, but not in the opposite 
direction *, More recenily the author discovered that such 
a11 arrangement may be used as a valve to permit the passage 
of one constituent current only of a high-frequency current 
or to rectify an electric oscillation+. The reason for this 
action is nom recognized to be the copious eiriissiou of negative 
ions or electrons from the incandescent carbon. This opera- 
tion has been studied quantitatively by the present writer and 
many other observers. 

For the purpose of rectifying electricaI oscillations and 
thus be able to detect them by an ordini~ry galvanometer, 

Fig. 1. 
773 

B, Exhausted glass bulb. C,  Kickel cylinder. T, T,, Carbon filament 
terniinalr. T,, Jnsulated cylinder terminal. 

these oscillution valces are now made as follows :-A carbon- 
filament glow-lamp is constructed, the carbon loop of 
which is upheld in the centre of a highly exhausted glass 
bulb (see fig. 1). Around the loop i:, fixed R sinall cylinder 

* See J. A. Fleming, “On a Further Examination of the Edison Effect 
in Glow-Lamp,” Phil. Mag. July 1896. 

j- See also Proc. Roy. SOC. Lond. vol. lxxiv. p. 470, 1905, On the 
Conversion of Electrical Oscillations into Continuous Currents by means 
of a T’acuum Valve.” 
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of ni~liel ,  C, which is connected to a platinum wire sealed 
throogh the side of the bulb. The valve is used as follows:- 
The carbon loop is inacle incaiidcacent by a suitable battery 
of secondary cells, a sliding rlieostat bciiig :dtlrd t o  adjust 
tlie voltage o n  the teriniiials of tlie Iam~i. The circuit i n  
which oscillations are to be d;btected is joined in series mitli 
a dead-bent inirror-gal\miioni(~ter, and the valve connectul 
with the circuit by wires joined respectively to the teriniaal 
of the nickel cyliiider and the negative tertiiitial of the carbon 
loop. The oscillation valve is inout  conveniently niounted for 
this purpose on a special form of stand (see fig. 1). In usiiig 
the valve the carbon filaincnt milst be brought to bright 
incandescence, about equal to that Xvhich in n carbon glow-lnml~ 
would c o ~ ~ e a p o n d  to a so-called LLefficiency” of 3 watts per 
caudle. So used, the valve eiixbleu us to enil)loy a sensitive 

p, Primary oscillation ciycuit. S, Secondnry oscill~tion ciicuit. 
G, Galvanometer, \’, Valve. B, I2 -~o l t  battery for incan- 
descing filament of 1 alre. 

mirror-galvanometer of the ordinary t p e  to detect the 
presence of electric oscillations in  a circuit and to institute 
comparative measurements. 

Thus, for instance, we form a n  oscillatory circuit (see 
fig. 2) by connecting a Leyden ja r  ia series wit11 a squnre 
coil of wire of a few tiirns I?, and join the condenser 2nd 

inductance across a spark-ball d i d a r g e r  connected to the 
secondary teriniiials of an induction -coil. At a certain 
distance we Illace another square coil of wirc S in m i c s  with 
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a. gal\.:inoineter G a n d  oscillatioa yylw V. lye tlieii find 
that  when oscillations a r c  set til) i n  tlie pr imary circuit, we 
obtain a etently deflexion of the gulvanotneter iiidicnting that  
its coils are being traversed by a series of discbarges in the 
siiirie direction, all those in  the o1)posiite direction being 
1)racticully stopped. 

The nutlior has nlrencly described the methods by which 
tlie aniount of rectificn tioii producecl hy the valve can be 
ascertained (see Proc. J<oy. Soc. vol. lxsiv. 1). 484, 1'305). 
Perfect  rectification does not exist, but, as d iowi i ,  the  iiuinLer 
cxpressing the percentage which tlie d u a l  uiiilateral electric 
flow is  ot' that which would flow if tlie nnilateral conductivity 
were perfect, c;m Le nscertaiiied by sending tlie current  which 
passes through the  vaciio~is s1)ace of the  valve tlirougli ii 

c:ililr;ited g:tlmnotiicter and electrotl~n:imonieter placet1 iii 
series wit11 ench ot,liw. Iii valves as clescribecl tliis rectifiw- 
tion inay niuount to 90  per cent. 

W e  niay 17se the above :irrangeineiits to investigate 
tlie eflect of diff'erent liintls of discharge-balls niid different 
lengtlis of si):iik If we einl)loy n. fiiirly long sl~irlr  i n  the 
1)riiiiarp condenser-ciruuit we iiiny find t1i:it we obtniii n very 
siiiall eflect on the giilvnnoiiieter in tlie sccondary circuit, but 
if w e  sliorten the sl):iik.gnl) uiitil t,lie sl):xrk a t  tlle balls is 
hardly Yisihle, the  g:ilv:inoincttir tlefic~sion iu geiierally in- 
creasetl. Tlie r ( ~ u o i i  for tliis is< partly Lec:iu,w the osci1l:itiorts 
are d:iin1)cd out  niuch inore hy the long sp;irl: tlinn by tlic 
short oiic, niid lxirtly becnuse with :I short sp:irk the  con- 
denser di.+ulinrges occur more frequently. Hence, althongh 
i n  the latter cnsc the  condenser is  cliai-get1 to a less voltage 
owing to tlie lower cliscliwge I'oteiitinl, the c1ecre:isetl daiiipiiig 
:ind greater charge frequency cawes  tlie gdvaiioiiietcr to 
be travel sed by n 1:trger qu:intity of' electricity per second, 
: i d  therefore to give n grenter deflexion. 

I n  the s5:1111e Inxuiier, w e  c m  exhibit the difference i n  tlle 
danipiiig due to vni*i:itions in  the n1:iterinl of tlic! y):irl<-i)alls. 
l l ius ,  usiiig iron, lmiss, niid zinc! spt~rli-b~ills of' the  s:il11(! 
tliamrter and a el):irI;-loiigth of 0.1 niin., the  g:ilvano~iietcti- 
tleHexioiis i n  one c n ~ e  w e r ~  respectively PO, 57, nrid 70 sc:iI(~ 
clivisioiis, thus sltoving the sinaller &mpiiig of zinc sl):lt-I<- 
h 1 1 , $ .  Tho writer 1i:i,3 fouiitl Ily tliih iiieiiii~~ th:it C:lI.~JOII in 

I .  
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the state uset1 for arc-lamp carbons presents mnny ndvan tag ta  
:is a discharge surface. All who have esperimented nlucll 
with Hertzian osci1l:~tors lrnovv how the state of tllri ~iolish of 
the  surface of the iiietnl balls (generally 1)rass) affects t h o  
electric wave-producing powcr. It can be shown by  t h e  US(> 
of an oscil!ntion valve that  for yuant i tnt iw work a discharger 
m d e  of carbon rods, as follows, presents in:~ny ad~~i i i tages : -  
A row of :~rc-lanip carbons C, C ,  C (see fig. 3 j  arc fixcd lilie 
1)osts i n  a piece of e1)oiiitc ancl anotlier row of' slightly conio:rl 

Ii'ig, :?. 

T O  INDUCTION C O I L  

carbon rods B, I3 are  inserted transversely between theiii, tlit: 
dist:tnces betwecn the rods heiiig fisecl so that very sni:iil 
air-gaps a re  lef t  between carbon mid carbon. W e  tlius coii- 
struct a mnltiple spark-gnp of ear lmi  surfaccls wliicli has s n ~ n l l  
c1aiiil)ing and great  colistancr. B y  enclosing tho rods in ;L 

non-oxidizing atmosphere we c'itii prevcnt the rod.5 1)iirniiig 
:iwa~r. Anotlicr dv:iiit:igc~ of' Llio :irl.:ingemcnt is t l l c l  ~ ; L J ( :  

\ v i l l i  which i i ~ w  snrl':icc;,: c;in IJP 1Jrouglit into IISP. 
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W e  c:iii a130 investigate by the s;tiiie ine:ins wlietlier the 
uGe of spark-balls immersed in oil l)r(isents any advantages. 
Also the wine arraiigenicnts may Le used t o  es’iibit the 
scrpeniiig action of conductors for liigli frequency iiiagnetic 
fields. Fo r  if we interpose bet\veen the priinary a n d  
secondary circuits :L sheet of tinfoil or zinc, we see a notahlc 
decrease in the gdvnnoiiieter deflesion, thus inillring the 
screening action OE the metal very evident. l ~ n i p l o ~ ~ d  in 
this iri;tniier, i t  enables us t o  show striliinglj tlie rii1)id rate 
a t  wliicli tlie field due to  :t current iii ii squitre or circulilr 
circuit decreases with clislance from tlre circuit, and therefore 
to illustrate one of tlie disndvantngcs under wliicli wireless 
te1egr:iph~ by electroiiiagiietic iiid iictioii labours when coin- 
pared with space te1cgr:iphy 1)y electric miyes. When u4iig 
the valve to detect tlic oscillations in iill antelilia producctl 
by the impact of Hertzian wves ,  iiii oscillation transformer 
is: inserted ill the circuit of the receiving :tntenn:i, and its 
secoiidarj circuit is  connected through a valve nith a dead- 
beat inirror-palvanoiiietrr. We  are thus able to receive 
signals over short distances by the direct erect of tlie rectified 
oscillations themselves on the gal\mionieter. 

The action of other substances liesides incandescent ciirboii 
as :i cnthode in a vacuum-value has also been studied. I t  
has been found by G. Owen” aiitl by A. Wiklineltt that 
gloxing met:illic osides, iiicluding tlie rare oxides ellllJlOyed 
in tlie manufacture of the Neriist l:iiiip-glomers, col’ionsly 
emit negative ions when incandescent both a t  atinospheric 
a i d  at reduced pressures. Wehiielt found that the incan- 
tlescciit oxides of C R ~ C ~ ~ I I ~ ,  Lariuin, and strontiuni produce an 
aloaorinallj powerful electronic discliiirgr, a i d ,  following tlie 
recoiiiiiieiillntions of tlie author, he has ~ ) ~ O ~ J O S C C ~  to employ 
wcuum-tubes with one e1ectro:ie covered with such oxides 
and heated, as rectifjing wlres  for a1tern:iting currents. 

As far back as 1890 tlie writer showed in a lecture ex- 
periiiieiit a t  tlic Iby i l  Institution that tlie so-calleil Edisoii 
effect, that is the paswge of negative eleotrici tg across space 

“ O n  the-l)is- 
charge of Electricity froiii a Xernst Filament.” 

Ii On the 1)iuchiir~e 
of Segat i re  IOUS 11s C;lom.in; N e t d l i c  Oxides and Allied I’lie~i~iiiuiia.” 

* See Ci. Owen, Phil. Jlag. vol. viii. p. 230 (1004). 

i See A. Welineli, Pliil. Nag. vol. x. p. 80 (1905), 
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f i m i  :in iucantlescent carbon filament to a metallic plate near 
if, could take place a t  atiiiorplieric pwssiire if the  plate was 
vrry near tlie fiianient. It is easy to ,51101~ a similar experi- 
nient with a Sernst  electric glow-latrip. If' a S e r n s t  lamp 
is supported with t h e  bare glower horizontal a n J  placed 
within a few inilliiiiet~rcs of a wr t ica l  ilis1ilatetl metal tube 
lrept cold by  being filled with water, i t  is fount1 that  negativtt 
electricity will l):i,<s freely across t h e  glower t o  the  cold 
nietal, but iiot iii the  opposite direction. Hence if the 
glower and metal tube are insertetl as x g:ip in  an electric 
circuit coiitainiiig a sensitive giilvanometer, ant1 if secoiidary 
oscillations a r e  created by induction in  this circuit, we find 
tha t  the  g a l ~ ~ ~ i n o m e t e r  g i w  a steritly deflexion slioning the 
p:iss$:ige of a continuous current  tlit.ougli it, nncl therefore of 
tlie unilateral conductivity of tlie space h e t w e n  the glower 
and the  metal tube. 

The distance over \vhiceli this transference of electricity 
can take place depends very much UI)OII the teniper:iture of 
the  glower, and the nniount of rectification of the alternating 
current  oLtaiiied upon success in  keqi ing  down the tempe- 
ra ture  of t h e  metallic electrode. This is best achieved by 
circulating watthi- through i t .  

It f o l l o w  as a coiisequence froni tlie a b o w  facts, that  there 
is a considerable emission of negative ions or electrons from 
the incandescent portion of the litiic cylinder used with the 
oxj -cod  gas- lurncr  to poduce  the lime-light, and that  the 
space near the  incandescent portion of the lime cylinder as 
well as the  .pace near the Xeriist h i p - g l o w e r  is highly 
conductive by reason of the presence tliere of negative ions 
cwitted lroiri the oxide surf:icc. 

I n  the practical construction of oscillation wlws, the ad- 
w n t a g e  of' placing the h a t e d  and  non-he:itetl electrodes in  a 
wcuiini is tliat the plate wliich acts as an ;inode can be placed 
a t  a greater distnnce from tlie incandcsccnt surface and 
thereby kcpt cool, siuce tlie electrons ejected from the heicted 
surface are  projected to  a much greater distance when the 
ntn~osplieric pressure is reduced. Altliougli platinum c m  ted 
with calcium or barium oxides undoubtedly emits R much 
larger  electrcmic crwrent per square millimetre than cnrbon 
iit the s~ i i i e  tml)era tnrc  and under tlie w i i e  surrounding 
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c~oiiditions :is to gas 1ri'easure, I find that for rectifying 
nlectiaic oscillations tlie c;irbon-filuiiient o>cillntion-valve as I 
h : ! ~  tleaigrir~tl it ,  nffol,cls inore convenientI~ rill that is required. 
There :ire sonic: aclv:unt:tges in em1)lo~iiig :i tliicli carbon 
filamcnt :ind coii:ti~~ctii~g it to be woi~l~c;d a t  about 12 volts 
and td<c  a fiiirly lai*ge curveut of 2 or 3 amperes. For on(: 
thing, tlie fi!;iiiieiit i j  mucli less lilxly to be destroyed by over- 
lieating in norliiilg, :uid hcnce tlie ~ a l r e  lnets loiiger. Jn 
soine c:ises an acl\-nnt:igc inay c'iisue froiii working yalves in 
parallel, that is ,joining up :L 1111111ber of such carbon-filamciit 
valves with their carbon filanients in parallel 011 the sniiie 

heating battery, connecting together the insulated metal 
cylindcrs contained i n  each bulb together, and then using the 
niiiltiple arrangement as if i t  were a single valve. 

When used, however, to rectify such oscillations iis are 
employed i n  the receiving circuits of wireless telegraph 
apparatus, a single mlve   ill do all tlint is rcquircd because 
the qno.ntity of electricity vhich hit3 to be c:irried is sinal1 
and the electronic emission froiii even a &volt 1-nnipere 
carbon filament is amply sufficient to carry the negative 
component of the feeble oscillntioiis used across the VXCUOLIS 

?pace. 
Tt shouitl be n o t ~ d  that sricli o.~cillatioii-v:~l.c.es RS are here 

described h a w  quite :L different range of use .f'roun other 
rectifying ai*rangements such as the Coolrer-Hewitt mercury- 
vnpour tube, and t he  electrolytic nl~uiiiiiiu~ii-ca~boi~ d v e  of 
I\'odon alld OtIl(W. 

The cilectrolytic valves 11ro~Ince 110 revtif'j iiig offrcts witli 
liigli-freqnriic)r altelnating crirreiit~, bcc;iuse tlie tiiiie e1t:iiien t 
enters into the forination of the aluiiiinic hpdrosicle film 011 

which their action depends. 011 the otlier linntl, tlie inercury- 
yapour tnhes ivhicli liuve been proposed for iisc witli higli- 
teiisioii :tlternat~iiig currents will not o~ierate  below a certain 
inininiuin I'oteiitial-tlifft.rcti~,~ between tlie electrotlcs. Thc: 
v a c ~ ~ ~ n - ~ d v e  ai; tiere described, ho\sever, will pass current 
uni1ater:illg with n fraction of a volt tliffereiico of Iioten ti:J 
between the incnndcscent and  the cold electrode, :iiirl there 
is no miniiiiuiii l~otential cliffercnctt below wliicli tlwy will 
not nct ; hence their 11s~ is conditioned solely by tlic sensi- 
tivr+nc,+ of tlic g;iiv:~iioinc~f(~r riiiplo~c~tl ivi t l i  tlicni. 
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By its simplicity and ease of  use the  carLon-filament 
wcuum-ralve recommends itself as  it useful addition to our  
resources for esperiinental ~ o r k  i n  connesion with electric 
oscillations and electric-wave telegraphy. 

DISCLSSIOS. 
Dr. R. T. G L A Z E R R n O K  exl)ressed l i i r  iiitrirc’st in the paper, 

nncl hoped tha t  Dr. F leming would 1 ~ :  nhlc in a f i i ~ ~ l i e r  
vommunication to give nnmeiical  diit:i SO t ~ i n t  the  wnaitiye- 
ness of the arrangement  dePcribed conltl bc conipared witli 
those of other rectifying devices. 

XI. On tlie Use I$ the C p o i n e / e i ~ , f o o , ~  t h e  Detei’wimitioi, of 

DR. FLEMING has shown i n  his recent Cantor Lectures 
before the Society of Ar ts  t, tlint 1y the  introduction of 
n hot-wire aninleter into the circuit of his direct-rencling 
cymonieter, the effective or root-mean-square valne of the 
oscillation current  set u p  i n  the cjniometer circuit can he 
measured. This instruinent viis originally designed for  the  
determination of‘ the wave-lengths uscd in  wireless telegraphy 
by the  direct inspection of a mile, a i d  :ilso for tlie measure- 
ment of capacities and iiiductnnces; but  it h:is been found 
that a sinall addition renders the instrnmtJnt also al-ailxble 
for t h e  determination of resoiiaiice-cLir~(.R, ant1 thereforc of 
the decrement of oscill~tion-trains, and of osc i l ln tor~  spark- 
resistances. 

A direct-reading cyinoineter was used constrncted as 
described l y  Dr. Fleir3ing in  a paper read before this Society 
on March ?&h, 1905 $. The instrument  consist^ essentially 
of a closed circnil cont:iining :I condenser n n t l  : in inrlnctancc, 

Dr. J. A .  Fleming on c l  The JIeasureuient 
of High F ~ e q u e n c y  C arrents and Electric Waves.” 

‘‘ On the  Application of the Cyniometer to tlie Determination of the  
Coefficient (11’ Coupling of Oscillation T~.ansfor~iie~s,” by Ik. J. A ,  
Flemin?. Proc. Pliyq. Soc. Lond. rol .  xix. p. GO3 ; xud Phil. h l a g ~  .June 
1906 

Resonunee- Cziiws. f3j (3. B. DPISE, B.&.” 

, .  

* Read ?IIarch 23, 1006. 
t Cantor Lcctures, 190L 


