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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 
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the distinctive ieature being tlie fact that the capacity and 
inductance are, so arranged as to be varied siinriltaneously 
a n d  in the s;inie proportion by one inoveinent of a bandle. 
A portion of tlie closccl circait co11&t.j of' a straight copper 
rod, wliich is p l a c d  i n  tlrc i~eigliboi~i~lioocl of, ant1 p:irallel to, 
the circuit on which the ~ii(miireiiicliits are being niade. 
l'hcn, as Dr. Fleining hiis shown in tlie paper referred t.o 
: iboie, resonance will take plnc,e between tlie two circuits 
~vlici1 tlie cyiiioineter i3 so adjusted that its oscillatioii 
conet:int, that is the square-root of the product of the capacity 
:md inductance, has the same ralue as that of the circuit 
under test. The position of resonance is detected by t'lie 
illuniination of a Neon vacuum-tube connected between the 
inner and outer coatings of the condenser. The Neon 
wcunin-tube, although an excellent] detector of the position 
of resonance, gives but little iiidication of tlie relative value of 
the current in any other position of the cytnonieter, and is of 
tlie nature of an indicator rather than a measuring instruinent . 

For the determination of the logzzrithinic decrement, i t  is 
requisite to l a o w  tlie relative valies of the current in the 
cJ.inotneter for points in the neighbourhood of resonance, 
nncl hence a quantitative current-meter innst be employed. 
?.'lie instrument should fulfil the folloiving conditions :- 

( i o )  I ts  capacity and inductance shoiiltl 1.10 negligible 
compared with that of the cyinometcr, otherwise tlie 
disturbance of tlic scale.readings would I(5ad to  
~ I ' I * O I ~ ~ O U S  results. 

(ii,) I ts  damping factor sliotilcl be small :incl slrould be 
cal'"lJ1e of calcul* <I t' ion. 

(iii,) It should be fairly rapid in its action. 
The above requirenients are fulfilled by a n  addition to the 

cynometer, made recently by Dr. Fleming, and sh0.m in 
his Cantor Lectures referred to above. 

The ammeter adopted is of the I!ot-wire type and is inserted 
into a gip made hy cutting tlie bar of the cjmometer ; the 
current passing through the heated wire being measured by 
a thermojunction in contact with it. 

The instrument coasists of an ebonite block A (fig. 11, 
front the sides of which project lugs BB which are 
used for connexioii to  the cymometer. To these lugs are 
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soldered brass rods CC,  each about 3 inclieP Ioiig, am1 between 
the estreliiities of these rods is stretched a fine p1:itiiioid mire a 
(tlinlneter -05 ni i i i . )  having a resistance of 3 . 5  ol~ins .  1'0 
the midtlle of this wire tlic tlirriiiojunction is soldered. 
This jiuiction consists of t,\yo very f i i i e  wires, h,  c, one of 
piii*e iron (tlianieter -20 m i n . )  a i d  the other of bisinutli 
(diaiiieter *17  iiini.) ; these :ire attached to tht: p1:itiiioid with 
specitil solder of low fiisiiig.1)oiiit, tlie contact :irc.n. l~eing 
niatle as sinal1 as possible. The 0 t h  tmtls of tlie wires :ire 
connectecl to the g i l~~anonie te r  by :t flexible cord. The 
junction is ,shielded by the ebonite cap, U, which ,screws over 
the plug A. The electromotive fo iw  of tlie couple is 
oherved Lp inems of a low-resistance Paul single-pivot 
galvanometer, having a resist:uice of 4.88 0111i:s iInd n figure 
of merit of 19.5 inicrovolts per division. 

The method of cali1)rating the junction is as follows :- 
For vires PO fine as the platicoid ~ ~ s e d ,  the 1iigh-t'requenc:y 
rer;iatanc*e is the s:iiiie t i s  t1i:it for low-freynciicy or continiious 
cufrent. Hence i t  is only necrss;irg t o  connect up the hot- 
wire amineter in series w i t h  a11 atljnstiible resistance and a 

i t :  observing the correspoi~ding dcflesionr; of'the galvaiionieter. 
obstwatioiis en:ible a c u r w  to be plotted froin which 

thc? root-iiic:~n-squ:ire (or eqitiliwtiiig) value of the c u r i ~ ~ i i t  
i t i  the cyiiioiueter for any deflexion cmi be reatlily read off. 
For the iiistrunient described tlie calibriitioii curve is such 
that the tleflesion vuries 11s tlie 1.9th power of the current. 

An :iusiliarg resist:uice is also rrqtiirecl :incl is constructed 
similarly to tlie hot-wire aniineter just descril)ed, c?xcel>t 
t1i:it the thc~rinojunction is oriiittetl :uid tlie resistance of the 
fine p1;itiiioicl \\ire is 7.2 oliii1~. This i*t!+i.t:~~ice is nrr:iiige(j 
so that wh(:ii rc:qiiired it c:m Lc 1)iit into B secontl gip cnt iii 
the cyiiioiiieter b:ir, ii short-circuiting stril) being used to 
coniplcte the circuit wlien i t  is not in iise. It wiI1 ],e s(!r11 
that if tlie cynioineter b:tr is l)liic(.d in the i ) rox i i i~ i t~  of :t 

circuit in wliich oscillations :ire taliing ~)lac.e, tlie \j:ilue of 
tlie R.M.S. currcnt induced i i i  i t  GIII he clcterniincd by 
means of the hot-wire : t i i i i i i d ( ~  de i l  cd : I ~ J I J Y ~  for :Illy 

puaitioii of the c~irioi~i~:ter-li;iii~lle ; f h t  k, for :LHJ o.$i.iII:ition 
constant or an? f'i~cqac.ncg 01' t l i e  o-rillation. in thc t~~l l lo inc tc r  

witLin the rangcl of tlic inatranieat. 

i;ecolldilr~ cell, and to 1 ) ~ s  curreafs of ~ I I O W I I  sti*engtli through 
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Fi.oiu observations of this R.M.S. ciirrent n n t l  frequency, 
it is possible to cleduce tlie logu~itliniic decrements of tiotli 
y i ina ry  anti secontlnry circuits. The log:iritlitiiic dccretnent of 
nri oscillation per set~iiperiotl is Itore tlefined to be  the Naperi:in 

in opposl tp  directions. In tliis connexioii it  is to  lie noted 
that most Gcrni:in pliyicists liayc &fined the decrement as  
t’hr logarithni of the mtio of two successive tnasittiutu 
oir:illations i n  the ,same tlirection. 

The problein of the oscillation tr,zii~fortuer hna  h m  
:I  ttacktd more p r t i c i h d y  hy O b r r l ) ~ l i ,  Bjerknra, Dru(lo 
:ind W e n  ; :ind Btjc.rlines and  DrutIe have given d u t i o n s  for 
ok i in ing  the decreinertts, :mtl ;~Itlioiigli the proof i,$ very 
long tlie final equations :ire sitnlile :uid eiiaily interpreted. 
For tlie coinplete proof we must  refer to the original papers *; 
the essential I):trts, however, have 1~x11  tr;tnslated into 
lhglisl i  noitiencI;itnre hy Ih .  IG,ining, iind are given in his 
I)ooli on  ‘‘ The l’rincililes of Elcciric Wave ‘l‘e1egr:i~)Iiy ” 
(Lotigiil:tns, Grew 8: Co.). In this note we can do little 
more than state the filial result of their work. JVe shall use 
tlie following synibols :- 

J1 = l o ~ t ~ - i t h ~ n i c  decrement per ,scnii-pe~iotl of the oscillation 

6,= logirithniic decreiiient per semi- period in the secontlnry 

,)L1=frequeiicy of oscillation in condenser circuit. 
?,,.=frequency in secondary circuit. 
J =\-;ilue of 1I.M.S. current in the second:u.y circnit 

J,,=n~asiil~urti valiie of R.M.S. currrnt iii secontlary circuit, 

Then Rjerknes s h o w  that the following equation holds : 

1og:iritI~m of tlic ratio ot‘ two succcs,<ive mnsiinutii oscill. c1 t’ 10113 

in the condenser circuit. 

circuit inductively coupled with the priinary. 

correq)outling with the frequency uY. 

i. e .  the (‘ re.3onnnce current.” 



T\-r i t ing " 2 .I' = 1 - -- . 
71,  ' 
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011 the ga1v:inoinetcr. From this I'oiiit iriove thr: h:intllc 
i n  sinall st(:Iis, noting a t  each s tq )  the curretit J i n  the 
cyirioinetrr :is given by tlie c : i l ih t ion  c ~ ~ r v e  of tlie g;ilvatio- 
ineter, :incl thcb frequeiicy n2 :is read on the cymonicter-scale. 
l'roceed in this way until tlie niasiinuii~ ~leflexion is passed 
i tnd the cnrreiit hiis ng : i in  fallen t o  n si1i:tll d u e .  Plot  the 
results thus obtained as a c i i i ~ e  h y i n g  ordinates propoitional 
to J, atid abscism proportional to v2. Take o f  from this 
curvc the inasitnuin ~ i t l ~  of J. This will be tlie reson:iiicc! 
current J,; and the corres~)oti~ling frequency will he the 
resoiiance frequency, thiit is, tlic frccluency g i l  oE the lriiwiry 
circiiit. Mow rel)wt talle ob~:1:r~ations iiisertiiig the ausi1i:try 
resistance into the cyiiioi~ietc~r circuit in addition to tlie 
amineter, hkii ig c;irc! not to :iltcr the relativc 1io:'itionj of 
the circuits in so doing. Plot the ~ w i i l t : '  :IS before ant1 
obt:iin the v ~ l l i ~ c  of the reFoil:ii1cc ~11rre11t  J9.'. TIIC i*(Jsot1itilce 
frequency eliould of coiir:e rc~tiiaiii unaltcmd. The two 

ciirves sliorild now Le r e d i x ~ i ~ ,  t~~lii11g tlie ratio 

;IS ordinate, atid tlie wtio -I as  Iiluscissa. 
;.(or J""'j 

720 

t i l  

arc I I O W  in the 1)usitit111 to  tleturniiiio the dccrenieuts 
T;ilru out 1'roln the curve correspontliiig for tile two circuits. 
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On writing out D13ude’s forrnula for the two cnses \.ye get : 
when the ammeter only is jii circuit 

1 1 1 ~  v:ilire of S,’ may either be tilliPJ1 ;I,< eq11;11 to (X’- S )  
or  umy he calculated fron, it,< resistaince ancl the frequency 
:ind iiiductance of the circuit, for we lmve 



.. 
The following nuiuericd example of the deduction of t h  

decreiiieri t s  froin the resonance curves 111:iy be u s v f n l  :is 

illustrating tlie inethod of arranging tlie work.  The priniary 
oscillation circuit consisted of' R rectangle of wire (cli;imeter 
'162 cm.) inductance = 5000 cins., a colidenser of capacit? = 
5560 micro-microfar~ds, and a 2 uiiii. s1)ark-gnp betwew 
1.25 inch iron balls. The oscil1:itions were excited by a high 
tension transfbriner. The cyiioineter w a s  set u p  ~ ) ~ t r ; i l l ~ l  to 
OW side of the  rectangular iiiductance :md about ti inclws 
away f rom it. 

We will suppose that the r~:s011:tiice c3rws  liave Iiee~i 
drawn as descrihd aboye, and the result to be ;id sliown iii 
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and tlie clotted curve the re,sult with +lie extra resistmce 
(7.2 w) nlc50 con~iectctl. 

WC will IIOW forin n table diowiiig thc reliitivc Tit lncs  of 

Hence 
111ea11 &'= ,022. 

Froiii fig. 2 ( U )  we SPC 



6,‘s‘ 8, = J, (JI , ’ )  x-X’ 
we get 6, = 4 2 2 .  

lllcall valuc of‘ SI=;{ (X-6,) + (x’--s2-82’); 
I-Ieiice 

= . O i 7 .  
Now the J e c r c i i i c ~ i t  8 of‘ thc omnicter im* se is givcm Iiy 

the forlllula 

L = j O O O  CIIIS., 6 , = f l i i ,  i l l =  !’j x loc. 

Accorcli:ig t o  Lord llajleigh’s foriiinla 
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l l ie :tbo\,e csainlJe is chosen rather as as esainlJc of (lie 
ease and speed with \\hicli reasonally good restilts can ].IC 

obtained, than its a criterion of the accuracy of the nietliod, 
as all the observatioiis necessary for drawing the resonxiice 
curves were tnlten ir. l(+s th:in 1i:ilf ai1 hour. If inore titiie 
is tidie11 over the observ:t~ions tiiucli closer agreement between 
the calculated : ~ n d  observed values of the decrements c m  be 
obtained. 

The exaniple first worlted out is a case of two rather loo,*.ely 
coupled oscillation circuits, and in this case we have seen 
that the resonance curve has a single peak. If, however, tlie 
coupling is a t  all tight, the resonance curve develops a, double 
hump, the maxinia becoming inore and inore separated as the 
coupling becotnes tighter and tighter, until when the coupling 
is perfect (i. e .  when tlie mutual inductance is the geometric 
mean of tlie t’wo self-inductances), one of tlie maxima has 
gone off to infinity, and we are iigiin left with a single- 
h unip resonance curve. 

r !  

Oberbeck lias developed the theory of two coupled oscil- 
lation circuits, and has given formulae hy ineatis of which 
the two resonance f requeiicies inay be predetermined. For 
the general solution we must refer to the original paper”, 
but in  one particular case the result deserves special mention 
on account of its iinportmc,e in wireless telegraphy. If the 
priniary and secondary circuits are tuned, that is, are so 
adjusted that when far apart they have the Same owillation 
const:int and the same frequency q,, then, when put near 
together EO that the coupling coefficient has R d u e  k, the 
following very simple relations hold beheen  the two 
frequencies n1 and nz iuduced in the secoiidary circuit and 
the natural frequency nu :- 

n, 

12, =- 
J l - k ’  

* A .  Oberbeck, Ivied. A m .  der Physik, 1895, vol. Iv. p. (i?Y, See 
ala0 Dr. J, A. Fleming, “Principles of Electric Waye Telegraphy,” 
chap. iii. 
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Hence we should then have 
wircloss te1egr:il)hy the coupling niay be about 0 * 5 .  

or, The frequencyof 0110 ~ r : t ~ e  is about I $ tiincs tliabof the otller. 
For ,Z coupling of the order  of 0.5  the  inethod :tbo\.e de- 

scribed may be applied to each 13~111 p of the donble-l~nit~l~ed 
resonaiice-curve, ancl will enable a fairly accurate Jetermi- 
iiatioii of the derrements of the two oscillntions to be ~ n a d e ;  
but, as shown by C. Fisher  (pee i l i i i ialei i  d e v  Phjdc, vol. six. 
11. 188, lOOS), when the coupling is very loose we cannot 
colisider the resultant resonance-curve to Le idcnticul with 
the sum of the curves due to each oscillation separately. 

Fig. 3. 

The curve shown in fig. H was talcen froin :L clocely coupled 
circuit of this type, and 111ay be taken a- indicative of the 
general type of rebult to Le expected. 

The itccuriite cletermindion of the 1ug:tritliinic clwrenlent in  
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oi'eii oscil1:ttioa circui t u  such as these is a matter of coiisicler- 
:il~le practical importance, as  most of the dainpiiig is due to 
the rudi:ition of energy froiii the wire, and not to the resistaiice 
as is the case wilh closed or non-radiative circuits ; a i d  i t s  

the n m m i t  of this radiant energy is not easily estiiii:tted 
tn:~themnticnll,y, the value of this i i n L w t n n t  qumtity i i i u d t  

rod  on esperinienhl evidence :done. 

The objcction ni:~y be raised thnt  the type of ainineter 
clcjcribed grently iiicrc ises the deccemut oE the cyiuomter, 
;I+ its decremei.rt is alniost equd to t h t  of the cyinoinet,er 
p* se. I t  must be remembered, l iowwer,  t h t  thc pnrt 
of the iiistruineiit in the cyiiiometer cirmit  is a short 1)ioco 
of very fine wire mhose decreinent cim be easily aiid wcii- 
rntely calculated, an1  secondly that th3 decremeiit of the 
cymoineter itself does not  iiiiitter, the p i h a r y  circuit i>eiiig 
generally the one whose decreineiit is required. 

At first sight it wonld Yeem that a very obvioiis variittion 
of the method could be employed wliich ~vould iiot suffcr 
from this defect. 

Stippose that, instead of cutting the cynionieter-bnr, n few 
turns of well-insulated wire are wouiid round R section of the 
inductnnce-coil of the cyniorneter, and the ends of the coil 
connected t o  the fiiio wire of the amineter described above, 
then currents will be indticed in this circuit proportional to 
ilie currents in the cyiiioinet'er. This inethod, however, lias 
iiiore serious dmwbncks than the other, as :- 

( I )  The dnmping of the cyrnoineter will bo jiist as great if 
this inethod is employed, us the siiiiie ;tinouoC of energy lins 
t o  Le supplied to heat the aiiiinetcr wire to  :i dufinite 
t cinpera ture. 

( 2 )  The actual current in the cyinoiiietcr i$ no t  iiieaaureJ 
brit only a current bearing soiiie unliuo\vn ratio to it. 

( 3 )  The scala of the cyinoiiieter is slightly altered when 
the aiiiineter is in place, as the arrangemaat is of tlia natiire 
of a tr:iiisf'oriiier with a closed secondary circuit, 1):trt of the 
~yinometor iiiductanco spiral f'oming the priinary ; this will 
of' courso tui1111l $1 portion of the inductance and so :i!ter the 
,.cult. 



Tlic extent of this nltrrntion of m l e  inti1 he tletcrinined 
11y mensuremcnte inade at  the p i n t  of resoiiiiiico w i t h  the 
N t m  tube, first with the sacondary oprn, ani1 second wi th  the 
s)conclnry closed tlirougli the niiiinc1tc:r wirr. 

Seve id  ciirws have been obtainecl using tli. niiimeter in 
this iii:~nner, I ) u t  :is the nietliotl shows iio points of' :iflv;int;ige 
over tlie one first described ant1 has sct\reral iiilirrent 
dis;idvant:igcJs, it  was discarded in  favour of' wliiit niigliL be 
called the series nrrang-enleiit. 

T a  concllisioii, the nnthor wishes to thank Dr. J. A. Fleming, 
F.R.S,, for his ltiiidneas in priiiittiiig liini to 1)ul)lih tho 
results of these esperinients, which were carrier1 out untlcr 
his direction a t  the l'cnder Lahorritory, University Collegt!, 
L 011 cl 011. 


