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CY MOSCOPE 

Iilanlcnt t l~on starts to give off cl(,ctrons. oi tliousanc!s nliicll were required \\lit11 
Illst ahovc tllc filamlent is the scrccn, S, formel- catllode ray oscillogmphs. 
I\-l~ich is at tlie s;mic potential as the The Neo11 t u , ~ c ,  as cle\~cloped by Jlr. 

1 tilament. Tliis screen is a metal plate s. A. Fleming, is invaluable as a cymo- 
lia\ing a sniall liolc in its; ccntre so that scope (Fig. 7). This consists of a thili 
c4c.c.trons n l q  pass through. 'i' is a glass tube haviilg t\ro cylii~cli-ical bulbs, 

I tuhular anotl(, which is lllade positive one ;L: cach entl o! it. Mounted one in 
rclativc to the filnmcnt. Any electrons either cnd ol tlicsc tivo bulbs are the 
\\rl~icll 1)asstIirougli S are therefore electrodes. Thc tnhe is then evacuated 
attractcd towards T. These clcctroni and finally tilled with rarefied neon. 
acquire considcral~lc velocity, ant1 m:my \Yh~n such a tube is held in the hand 
of them pass I-ight through thc  tube, by 011~: end, anci the other taken near to 
pasing betweell thc two sets of plates, a circuit n-llicll is oscillating, a reddisli- 
I-',, P,, X,, X,, and do not 
stop till they strike the fluoi-- 
cscent screen on the insidc of 
the top of tlie I~ulb ; here FLEMING'S CY MOSCOPE 

produces a Fig. 7. Mo~ulttd on tither rnd c , f  a t l ~ i t l  glass tubc are two 
I)right green spot which can bc rlectrodcs. I his neon tu lx  was tlc velnped by Dr. J. A. Fleming e clearly seen even in daylight. 

If the plate I', is now charged froin sonie orang(. glow wi!l be noticed to emanate 
external source tlic stream of e1c:ctrons from the elcctrocic nearest to tlie oscillating 
can be attractcd towards it, and when circuit. As the tube is taken nearer to  the 
this charge is rcmoved the stream will circuit, this glow will extend down the 
return to its straight path. Thc rapitf tube, all the m711ile bcco~ning Inore vivid 
repetition of these two states of charge ;und in colour, till finxlly the whole tubc seems 
t!iscti:~rge to thc 1)latc I), \rould tllcrciorc to bc: filled wit11 a brightly glowing gas 
I)c.nd the strca~n I~ackn~ards and for-wards, which is clcarlj, visible 111 bright daylight. 
: i i~c l  a 1)right green linc would be 1lotic:cd If tlie end of the neon tube is now taken 
O I I  tlic: fluorescent s;c:reen. near to ally ohcillating circuit or wire 

'l'l~c otlicr two plates, XI arid X,, arc: at  in \vliicli there arc 
- right angles to I', a.nd l',, therefore charge ,,,;---=-~---- - -  . standing waves the 

-- - --,, ; ~ n d  discharge of the potential to XI ~&.ii,~~~~---~~. nodes and anti- 
- - ivoulcl again make the strtba~ri I~elld ;inti , :- !: .I-- - nodes of potential 

. - rulc a straight line on the ?creen, but at -- - . - 3  , , m a y  b e  e a s i l y  
3 -  - right angles to the first one. ' t - . .  - 
' , I  

13 fc)und. 
. . I f  variable potentials are appiied to ,, r ; - .- i '  

$ - 
Whilst lar more 

I>otli sets of plates at  once the electron \)-. ? , sensitive than tire 
. . stream will tracc a curve oil the , .. - r ,  , i spark cymoscopc, 

scrccn. I \  , ;/! 
: ' ,  

tlie neon tulle is 
The very great advantage which this i 1 . - -  - ,  - I by no illcans a . , 

t jye  of instrument has is that its moving \Iz - - -- =, ,  i. sensitive detector; 
parts may Ije considered as having no it is an indicator 
\\eight, therefore the instruincnt will when exploring 
respond to the highest frequencie.;. 'The transrilitting cir- 
actual curve, say the wave forill of an cuits, but would be 
alternator or the characteristic curve of no use for detect- 
n valve, may I)e watched and cliangcd ing feeble oscilla- 
\vliilst under observation. The curves tions in a receiver. 
may 'be tracer1 off on to a piece of paper In the place ot 
resting on the top of the bulb, or thciy niay neon, other gas- 
I)e photographetl. filled tubes may 

The modulation of aerial currents in be used, but will 
wireless telephony due to the micro- b e  f o u n d  less  
phone current may be watchcil and OSCILLOGRAPH sensitive. All thc 
adjustments made whilst watching the Fig. 8. 1Todcrn f'rm of detectors of wire- 
effect of such adjustments. cYmoscoPe or catllclde ray less waves !nay be 

oscillograph. Diag:-ams of 
Tlie instrument requires an anode poten- the tube appear ol, pages s? coupled to other 

lial of about 300 volts, as against voltages 385 and 640 pleces of apparatus 

D 27 1 U 1  
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that they give a " visible " instead of the damped. As an example of damped 
more usual " audible " indication of the waves, the case of a discharging condenser 
presence of waves. These, hourever, nlay be taken. At the start there is a 
should not strictly be calletl c:ymoscopes, definite amount of energy prescnt in the 
but, rather, detectors, and will be found circuit, proj~ortionate to  the energy of the 
under that head.--R. H. Whz!c. cll:~rgc imparted to the condenscr. This 

See Cathiode liny Tube;  LYavemetcr. ailiount of encrgy tlepcnds upon the 
cilpacity of the condenser and the square --- of the potentla1 clifferencc between its 
plates. Thl: energy exists in the dielectric 

DAMPED WAVES. forlllinS of the contlenscr, which is in u strained 
successive ~ a v c  trains in each of lVhich t& condition owing to the charge. AS soon as 
amplitude, after reaching its l~laxilnurl?, c ~ r r e n t  begins to flow on discharging, the 
progressively decreases. elmdenser gives up some of its energy, 

Electtical oscillations excitecl in a \ihicl~ forthwitli becomes ;lssociated with 
circuit by ;t sing]e impulse do not continup tile CUrrerll 111 the form of a magnetic 
indc[initely, but die away rrlore or less field, principally in the region of thr 
gratlually. ;In electric wavt: starting with . il~duclance coil lorming part of the 
a certaill alllplitutlc, is followc.(~ by one of tliscliarge circuit. .is thc discharge current 
a slllallcr alnp]itude and dies i l l ~ e a S t ! ~  1r1 V ~ U C ,  energy is contjnually 
out, the ratio of the , ~ , f  one n.;lvc Ic3a\.ing the condenser :tnd being stored in 
crest to illat the sllcceedillg olle being lhcmagnetic field of the inductance coil. 

c:onst;lllt ancl l<nolvn as the \%'hen tht. condcnier has arrived at  the 
tlccrclnen t. stage whert thcre is no potential difference 

,I par;,llrl case may drawn betwccn 1:etwecn its platcs, the wliole energy of the 
the bchaviour of a swinging pendulum circuit resitlcs irr the nlag!letic field of the 

- and a d31111)C'cl \vavC "1 elrctI-icaJ energy. i~~ductance coil ancl none In the condcnscr. 
ljftcr tllc initial impulse, the: pendulum E:r~rgy is then drawn from the coil as the 
tnl;es ulj :L ?\?ing wllic]l graduLllly becomes c u r ~ ~ ~ t  d~creascs, and is storcd 1113 in the 
sllorter allij shorter i t  dies a\?ay condenser as it is again recharged. 
altogctllcr the pendulllnl comes to If the resistance ol' the circuit were zero, 
rest, l f  tllrxrc were 110 frictional losses, the and no energy were radiated in \raves or 
I>cndu]uln \vould go on swinglllg for ever ; . t I i~ ipa ted  in other ways, the total energy 
llut 2s tht.sc arc unavoida131e, tllc. oscilla- 0 1  the circllit Would Ile n l a i ~ l t a i ~ ~ e ~ l  at  a 
tions cann<,t be lllaintnincd indefinileJy. ~0nst31lt  vttlue and the waves \.vo\lItl he 

T~~ tllr. case clcctric wa\.e;, the pnctrgj- u n d a i ~ ~ ~ ~ e d .  12ut Iron1 causes expla~ned 
\\llicll starts tile Wa1.e is gr;irluallJ. : I ~ x I " ~  this IS an imposihlt. condition, and 
dissipated ill cloctro-nlngnctil ~ v ; ~ \ - ~ s  tile decay i.atc or decrcrrlcnt \ d l  clepciltl 
llcat until tile oscillxtic,ns die ;l\yal. tc) Upon the ci!-cuit c~lltIitiOl1~. 
nothing, t11e rat(! a t  whic!l this occurs DAMPING. I)a~nping is a tcrrli used to 
being- cletcsrnlinerl by the damping 1)ropc:r- signify thc ;.raclual falling off in alilplitude 
ties 01 the circuit. Elcctr-o-~nagnctic of a periodlc vil~ration or train of oscilla- 
radiation and lieat due to the  resistance of t~ons. It may l)e applied to electric 
the aerial and earth plate, brush dis- v ~ ~ v c ~ ,  or to mechanical matters such as 
charges, dielectric l~yst~rcsis,  and induced thct control of the swing of a galvano~ncter 
currents in ncighbouring co~~ductors  arc ~~ccdlc.. -111 undan11)etl oscillation persists 
accountable for the loss of cynergy in an i~ldefinitcly ; :L highly damped vibratio~l 
oscillating circuit, othernriit, single or swing come.-; to rr:st almost at  once. 
inlpulse would set it oscillating indefinltcly AIcrrsuring i~istrumctnts that are so adjusted 
ant1 there u~ould be no decay or damping that the dcflcction of thc needle colncs tc 
of the waves. its final position with a minimum of swing 

The rapidity with which the: oscillations are referrccl to as dead-beat, or aperiodic, 
of a danlpcd wave die away depend not and a high da~llping factor is necessary to 
only on tlle resistance of thc circuit, but on give them this attribute. 
the inductance also. The greater the Various ~neans are employed for obtain- 
resistance and the smaller the inductance, ing the desired damping effect, such as air 
the more rapid will be the damping and vanes moving in an enclosed chamhcr ; 
decay of the waves ; in other words, the vanes arranged to dip into a receptacle 
wave is less persistent when highly containing oil or glycerin ; or magnetic 
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! clainljing, \vllc.i-e a lo~v-~-csi;t;lnw c.nni1uc.t- 

i ing circuit is matlc to slving in tlre ~~li lucnce 
of a strong magnetic held, ant1 tlie I-e5ultiug 
currents inclucwl act in oppositio~i to the 
ii~ovcment nllich causes them to arisc. 

i :In ~~ndamp(:d x-ibration or wave persists 
i for nn indefinite time, as reprcscntcd i)y tlic 

diagrani in Fig. I, tlic amplitude o f  the 
succcssivc crests of the ~ - a v e s  being 
identical in lirigllt as \vrll as in frequency. 
In 1;ig. 2 ,  11on.cx-cr, a diagram of a d:imped 
vibration is given, where the ainplitudes 

.& of the succcssivc \vavcs are s1lon.n to be 

IZig. I Undamped Wave 

COlllPAHlSON OF DAMPED AND UNDAMPED 
WAVES 

I:ig. I .  Vil,rations or waves arc l~c rc  reprciei~tetl 
i i~~dainpcd, thcir crc>ts being cilual i n  Ilcigiit. 
~ ' I z .  r .  I n  this cay(. the wave tt.ain i, (1~111pcd 

coi~tinually clccrcnsii~g as regard5 the 
licigllts AU, Cl), EI;, ctc. Tllc. s:itio of tlie 
anlplitude of any of tllcsc 11ali-wa\-es to 
their imn~cdiatc predeccssol-s in tlic, same 
tlirection dccrca3c.s in geonictric:il pro- 
gression ; for instance, if the halt-wa\-e 
represented 114' CI) were 0.7 t i m t ~ ~  tlie 
value ol the initial half-wave the 
half-wave El; m.ould be 0.7 ti1n1.5 tlie 
hright of CI), ant1 so on. 

Instead, Iion.c\-er, of adopting the 
~lurilcrical mcasnre of the rate of dt,c,rease 
cori-csponding to the fraction of 011,. llalf- 
wave to another as a measure of the 
tlmilping, it is nrorc customary to adopt 
the natural logarithm of tlle ratio ht:t\vcen 
the two inaximu~n points oi two successive 
hall-nrnvcs in tlie samc direction ; that is, 
of two half-waves one cycle apart. This 
1luml)cr is tcrmccl tllc logaritl~~nic clcc1.e- 
ment, and denoted by the Greek spnbol a 
or tlelta. 

DAMPING DECREMENT. In  an 
oscillating discharge the successive c:nrrent 
amplitudes diminish in size until evc~ltually 
the discharge ceases. The logaritlln~ of 

the ratio of succ~:ssive cllrrent alnplituclc. 
in the same tlircctiou is soinetinies called 
the daniping decrement, but more usually 
the t1ec:rement ( c ! . ~ . ) ,  or the logarithmic 
decrc11l::nt. I t  is usually denoted by the 
>~-lllbol 8. 

DAMPING FACTOR, lixprcssion uscll 
to denote the product of tll; logarithmic 
decrcn1,xt and the frequtmcy of a clamped 
\t7ave. The amplitude of an  oscillation 
after a time t may be calculated if the 
initial amplitude, is kncwn and the 
damping factor. 

If A,, is the initial amplitude, A, tire 
amplitude alter a time t aiirl d tile d a n ~ p -  
ing factor, then 

ilt = '\*€-p'i 

1v11er.e c 1s the Napierian logai-itliin base. 
DAMPING IN MEASURING INSTRU- 

MENTS. Damping ill mcasurcirlc~lt instru- 
nlcnts i j  t11c 1nca11s employed to i~r ing the 
needle or pointer quickly to rest after 
Iraving arrived at  its corrcLct tli~isioii on the 
scale. I t  will be rc:nlizcd that  owing to  the 
Inomenturn of tl?c nloving parts of thc 
instrun:ent it w o u d  consitlcraljly ovcrslioot 
the correct r ead i~~g .  The control spring, 
gravit)., or other nltxarls oi control would 
I~ring it t~:rcl; agaill past the correct division 
but in the opposite: direction. \\-ere means 
to hrin; it to rc:t cluicklj. not ;tvailaljlc, 
t tlc pointcr would swing bacli~v:rrds and 
forwartis over the: scale for quite a coil- 
sidernbic time I)(-fore it iinally canie to 
rest. I~urtlrcrmoi.~, wcrc the pressure or 
current of a slovily fluctuating character, 
an  accurate, inst:intaneous reading would 
be rcnclcrcd iinpoisil)lc, bccausc. the ineter 
~voulci ])robably not collie to rest bcforc 
the pressure or current had altered in value. 

, . 1 he irnportanct of eflicicilt damping will 
thus be appreciated, and all the ~lleasuring 
instrun:ents, except the very cheapest, are 
fitted with a dcvicc to perlorin this 
iunctio~i. I t  is important, liolvever, that 
t l ~ c  ~novcmcnt is riot ovcr-danlped, for that  
would nialce the movement sluggish in 
operation, and possibly render it inaccurate 
by preventing the n~ovcinci~t lrorn reaching 
its proper reading. 

The general metl~ods of accomplishing 
this function of damping are two in nulil- 
bcr. (I) In  the case of ~noving coil in- 
struments, eddy former currents are set 
up in the coil, which is usually of alu- 
niinium, by the niagnetic field wliic11 
surrounds it. 11s these currents are set 
up only when the coil is actually in motion, 
they tend to bring it quickly to rest. 
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mu\-cn~cnt can be dalnpcd by a 111ag- 
n c t ~ c  Iicltl, as zllox~n in this rear vi tw of ;1n i!lstri~nlc~it clisselnhleil 

D A M P E D  I N S T R U M E N T  COIL 
Fig. 2.  Enlarged view uf the 
coil in Fig. I .  This actuates 
the pointer in the damped 

measuring instrument 
C c t ~ r t e s y  G<?rernl Elzcfr ic  Co., L t d .  

causes this single conductor 
to rotate with it and, being 
situated in this magnetic 
Geld, a currcnt is iiiduced 
i ~ i  it as ill the arnlature of 
a dynamo. 

(2) By mcans of a vane i ~ i  a clashpot  on- 11gaii1, a; in the  case of the dynaino, 
taining sir, or hy a loose-fitting piston in a energy is c,xpended in this current pro- 
cylindcr containing a light, no11-congealing, tluction, and as insufficient energy is 
non-evaporating oil. The Sormc:r is knou.11 as present to drivc the arinature round, it 
air dainping, and the lattcr as oil damping. has the efkct ol per~nanciitly arresting its 

A clear indication of the ~nethocls em- motion. The liinit of applied energy is 
ployed in (I) is shown in Fig. I. Tllc horse- i~~hel: that energy equalizes the counter- 
shoe per~nancnt magnet is fittrd with cast- acting forcc: ol the control spring, and as 
iron pole-l~ieccbs, which have a cylindrical this linally brings tllc coil to its resting 
m5t-iron (:ore suspended l~ct\veen t l ~ c ~ n ,  point, so the induct:d current in tlic former 
leaving ;rn annular gap h c t ~ ~ ~ ~ ~ e n  this iron I>econ~cs leis and Irss, ; ~ n d  when finally 
tore ant 1 t 11c pole-picccs. I'he square- the rllotio~l ceascs, so thc: c-urrent induced 
~ I ~ a p c d  11101-ing coil shown 111 Fig. 2 is ill t l ~ c  fornler ceases, leaving the pointer 
frec to rotate in this annular gap, and is giving- its correct reading up011 thc scale. 
tllus in a poiverful magnetic ficld. F i ~ s  3 and 4 illustrate the  111etl1ods used 

:Ilthouglr primarily the coil former is a in alr clainping. ;in aluminiuni vane is 
mcans of supporting the coil, rigiclly attachccl to the pointer and s\vings 
being niade of i~ietal it 111aj7 in the sccts~r-sliapcd clashpot. The dash- 
I)(; regarded as n closed cir- pot cover in Fig. 3 is sllowil 

cuit hn1,ing one !urn 111 the framework 
only. Thc in:)ire- ant1 srvuiig away lo  give a 
~ncii t  ol tlici needle clear view of t1-t~ internal 

construction. It will be seen 
that the vane only just clears 
tllc internal sides of the 

1 ; i~ .  3.. Damping in a gravity-control instr~unent is edected by air damping, il d a ~ h p o t  and moving 
vane iron are used. The nointer is attached t o  a n  alu~niniuln vane and sninrrs. a close fit. t o  ', . 
the sector - shaped dashpoi. Tllc cover of the latter has been removed to  show construct~on. 
Fig. 4. Dctails of the moving iron instrument are shown. On tllr right is an energizing coil. 
file franicwork is also partly sho~l-n. A current through the clr-cuit actuates the pointer, whose 

movernent is slusgish owing to  tlle air damping provided 11y the dztshpot cotlstruction 
Courtesv ( ;e~ze?nl Electric Co., Lfd .  
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rlaslrpot, and tllcrcfore thc enclosed air has cell, lmt the pri11c:iple of action in all 
difticulty in flowing rouncl the van(. \vliile remair~s substantially the same. I n  its 
tlie 1:~ttcr is in motion. Tile method of origiilal for-111 it con,istcd of a glass jar 
c.ontro1 usctl in tllis particu1;rr iilst~.unlent in \%-l~ich was placed a zinc cyliiitler. 
i; I)!. s r :~v i ty ;  the controlling 1)alance \Vitlti11 this na: a porous pot, w11icli in 
\vciglits arc two littlecircular nuts threatled turn contained a copper rod. The porous 
ulx)ii t11c cross arms of the pointer. They pot was fillcd -,vitlr a satur:ttctl copper 
may Ijc seen in the photograph be!ow :md sulphate solutio~i, and the outer jar with 
to tllc lcft of the pointer spindle. a dilute solutio.1 oC sulphuric acid. In 

* .  1 hc systelll of air da~llping call t.le fittccl some iorms the positions of thc3 zinc and 
to ally kind of l~lcasul-ing illstrulllent whicll  cop^)^:^ arc re\-crsctl, ant1 the sulplluric 
cllllll())-5 a swinging lnotioll to indicate acid i> tl1~11 placed insicle the I)OSOLIS pot 

W wll;ite\.er electrical property is to anci the copl)cr rulplratc solutio~l outside. 
l l~c~asnrcd,  lllngnctic danlpillg first The action is as iollo~vs: The zinc is 
tlescrii)c(l, h(jwever, lllay only I)c used i11 attacketl by the sulpliuric acid, and zinc 
the case 01 nloving coil inslrulllenti ; allcl j ~ ~ l p h a t e  is iormed, lryclrugen being liber- 
these are for direct current lilcnsuring ptlr- ated a t  the c.opp-.r ~.od.  This inimediately 
1)cj"s only. Oil dalqling is necessary ill combi~les with thc SO4 of the copper 
in~tru131cllts sucll as recording voltmeters suli)t~atc solution to fornl H,SO,, sulplluric 
ant1 nmmcters, where the mo\.ing parts are acid, copper k i n g  rclcased from t h e  
rclntivcly 1lcavy, and when sudtlen swing5 col)p(-~ sulphate solution and depositecl 
on the part of the recording pin 111)on t 11e col21x.r rotl. 'Tllc 11c:n-ly fornled 
(\vliic.l~ takes the place of the 
pointer in an ordinary meter) arc 
not considered an aclvantngr.. 
Ccc Dead Bent. 

DAMPING MOMENT. Tel-111 
ast.tl for one of the intrinsic 
co11,tirnts of a vil)i-ation galvano- 
inctc~r. \Vhcn an alternating 
~.urrciit is sent tlirougl~ a vilra- 
tion ga1vanoinc:tcr it causes 
osc.illntory motion, and this 
~iiotion can 11c dctcr~liincd 
nl~~t l~c~mat ica l ly  froill a lino\v- 
ledge of tlic valuc of the 
current, its frequency, and a 
~ruinljer of con5tants \vliicll 
tlepend entirely crn the con- 
sti-uction oi the instruint.nt. 

LVllcn the ~i lovi~lg  prtrt is 
displaced through an angle I>y 
:r currcrit of instantaneous va11:e 
i, then if the torque due to i is I 
(;i, (; is c.allc(l displac~lllrnt : 
lllolllent, ~f c,, is the torque I ~ a s  a. constant elcctro-~noti\e force. The voltage of thc 

Thniell cc.1: is only about I . [ ,  lo\ter t h a n  the voltage of 
tluc to tlic cuntrol forces \vhich many other form, of primary cell 
tend to  bring the illoving part ~ o t ~ r l e s y  Sicmeits 4 ~ 0 s .  cd CO., ~ t d .  
Imck to its zero position, then 
C is called the control moment. If the porous pot and illaiiltai~ls the  strength of 

4 p n~oving system is alloived to oscillate the original arid 
ti-eely on open circuit, the damping forces Fig. I shoivs two Danicll cclls joined in 
gradually bring it to rest. The d ~ ~ m p i n g  scrieh, and shoa-s clearly the disposition 

1 ) tr,rrlue is, in general, proportional to the of tilt: zinc cylinder, copper rod, and 
angular velocity. If the damping torclue porou. pot. In  g~rder to  keep the  solutio~l 

I c,quals bo, 1'1 is called tlie damping of copper sulphatc up  t o  saturation point, 
I moment. a shelf or cagc: is usually provided in 

DANIELL CELL. One ol the jxirnary which pure copper sulphate crystals 
cclls. There are several forins of L)anicll are placed. They dissolve gradually, to 



DANIELL CELL 
-- 

6 
- -- -- - -- -- - 

replace the copper sulpliate used in the 
formation of the fresh sulpliuric acid and 
copper deposit. 

The Daniel1 ccll lias tile ad~rantagc over 
certain other prinlary cells of I~eing odour- 
less, developing no poisonouc iumes, and 
of 1x)sscssing a constant constant electro- 
nlotivc iorce ant1 a Lairlv twnstant re- 
s~stanccx. It is for this reason u..-elul 
whcre s11lall and constant currents arc. 
I er l~~ircd Its olectro-111ot i\-e force, flow- 
ever, is on the low side, 11eing 011l57 1.1 volt. 
;mtl it. rcsiht:~~lcc on thc  I:igl~ ride con-  
pared wit11 many other tj.1 e:' 01 c.clls 
, . 
I h e  rcsistarlce varies tlircc:tly with the 

tlistancc apart of the clelnents and the 
thickness of thc porous ~ m t ,  .r~id indirectly 
wit11 the area of tlic elenzen(s. It ma!. 
vary Ijet\vcen A olllll ant1 10 ollins. 

Tlw cell, to  lie maintair~t,tl in good 
order should 1)c occasioliall; n~arhetl ou t  
tllorouglily Tlie porous pot sliould not 
only be wasliecl, Ijut so:tked lor an I~our  
or so in \v;iter the zinc:s scr;~pecl and re- 
aninlg;~n~atetl, rind tllc copper l-ocis scraped 
and ~x~lishetl 

ITig. z sho\r.s the so-callctl crow-toot cell 
LL forin ot Daniel1 cell \vliicll IS 
witlelv uscd. At thc 11ottorli 1)1 n 

CROW-FOOT TYPE DANIELL CELL 
Fix. 2 .  No porcus pot is uscd i n  the crow-foot 
pattern of 1)aniell cell. Its name i q  derived irom 

tlic foot-like shape of the zinc electrode 
C q l r r l r s y  S ~ e n i e n c  I l r o ~ .  6 C o . .  Ltii 

the cell art: three copper strips riveted 
together. One end of the middle strip is 
rlveted to a piece of well-insnlatccl copper 
\\.ire. 

Copper sulphatc. crystals arc packed 
around the, copper strips, ancl the  zinc 
crow-foot suspended on tlre inside of the 
ct,ntainer, as sliown. The container is the11 
filled with dilute zinc sulphate or sulphurit: 
acid, and the cell is short-circuited for about 
tlventy-foul. hours, to Iring it into worliing 
condition. ;\s a rule, a 
filrri oi  min,?ral oil is floatctl 

MENOTTI PATTERN DANIELL CELL 
Fi:;. 3 .  Alcnccti pattern Daniel1 cells use central 
z inc  element ,, as seen in this example. This 
rt s t s  in damp san~ilust, bcncatli which are the  
copper sulp11,tie crystal.;. Tlic copper terminal 

is seen on tlle ;ig!lt 
C'olisler), S t e v i ~ i r r  Ctoc. F CO.. Ltd 

The resktance 01 the ccll varies con- 
sideral)lp wit11 tlie temperntul-e, ant1 it is 
best to use it at  a temperature of about 
70' 1:. il \veal; current should always be 
sent through ;I high resistance when t h e  
cell is not in use, in ordcr to preve~lt  the 
copper sulphatc attacking the zinc. Thc 
soparation line betwcc:n the copper and 
zinc sulphates should be about half-way 
between the electrodes, ancl when the 
copper sulphate begins to turn brown the 
electrolyte should be renewed. 

Fig. 3 sl~'o\vs the Alenotti-Daniel1 cell. 
Tlie cell ha i  a central zinc element which 
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~-clsts upon da~ i ip  sa\vdust, I je~ieati~ wl~ic'll suspension, the: ~ni r ror ,  the coil, and the 
is a copper cup cont;rinins copper sulpllate currcnt 011tl~'t. 111 tli(: 11ior(: 1110dern in- 
cryst;~ls. Tlic copper cup is connected to  strn~r~cmts the  ileiv cobalt-ch~-omiu11.1 steel 
a ter~liinal ;rs shojvn. Set. l'rimary Cell.  nagn nets arc e~nployrrl, as th(, remarkably 
D'ARSONVAL GALVANOMETER. This high coercive lorce eshihited by thii  

instrument 11clongs to tlie class of " ius- ~ n a t e ~ i a l  adds greatly to tlie permanency. 
1)endcd-coil " gal\ranonletcr~, and is one ~ 1 ~ ~ .  curl.c.nt i.; letj illto tllc coil, mllicll is 
of t11c 11cst-l<no~n and 1110st suititblc for sonlc!tilnc5 kf-ound llpon a silver or alu- 
lal~oratosy work. 11 inay differ ~lIglltl!r in l,i,i,~,, frallle, t j ~ .  tile torsiollal head fornl- 
outward for111 and arra~lgeriicnt, I,ut con- ing terlnill,Ll, passes by tllc 
sists cssc,ntiall!; of  a suspcncled open coil \lotto,ll attachTt of the suspension wire 
of very tine silver wii-c which casries tl:e tllrOLlgll a hair spl-ing. rll c)rclcr to  con- 
tlcflcctinfi ~ ~ r r c l l t ,  tllk coil i~eillg 5ituntc.d centr;lte the iicld as lnuch as 
\\.ithin a very intense lllagnetic rlcld posjit,le ill the gap \vhcre the coil hangs a 
arising from an enclosing pcrlnal;e~lt soit iron c ~ - l i ~ ~ ~ i ~ ~  is s u ~ , ~ o r t e d  lrom the 
magnet with suitably slinpcd poll: pieces. ljacl;, lra\.ing ;ust suficic.nt air-gap for 
Tlic tlirection of the ~erlllallellt field and tilc c-~il to 5\vil;g xvitllout touching either 
that produced 11y the coil when carrying lllagnet poles or internal iron core. TIle 
a current is s11c.h that  a torsiollal ('ffect 15 vertical sides cf  the toil hallg freely in 
set up 11etn.ecn thc t\\o. thew two narrow gaps, thc cud turns of 

By means oC a light conca\-e mirror ti,, coil sc.rl-ing lrlercly as connectors, 
;~ttacbcd to the lllovillg The f<~rce  tending to turn the coil when a 
~ n e n t  a 1,c:tm of Iig1lt troll' a current is passed tllrougl~ thc terminals is 
clistant lamp 1 all- I n g p I1 proportional to the current, t o  the  n u ~ n h e ~ .  
this mirror is re- flectc!rl and of 1111-ns in thc coil, and to the intensity 
focused upon a jcreen in of thcl magnetic lield in  \r.liich it lies, so 
lorm of a spot or line ligllt, that  tllc Inore porverful the ~nngnet and 
whicll traverses a Illetre the greater tlrc nunlhvr of turns in the 
and enormously a c c f l l t u ~ l  coil, tlie lnore sei1sitix.e will the instru- 
t l ~ e  mo\.emcnt of ment Ile. 

Thc, clasticit!. of the suspension m-irc 
controls tllca 1)osition of the coil when no 
current is flux? ing , while the  n~agnetic 
axei  of t l ~ e  coil and of t11c permanent 
 nagn net are a t  right angles to one another 
1vhc.11 the coil i i  not cars) ing any current. 

(;alc-anometers ol this class are indc- 
pendent of the crarth's ~nagnctic field, and 
can b,: made thoro11pli1~- dead-beat by tlic 
fact of mounting the coil on a sil\-el- frame. 
The ~nduccd eddl, currents which are 
developed in an;,J l~ig111~ coilducting closcd 
electrical circuit such as p~.ovided by this 

SUSPENDED COIL 
GALVANOMETER 

frarnc \r:ill for111 a checli upon the natural 

Fig. I. 1)'hrsonv;tl's 
incr t i ;~  or tcndeucy to swing beyond the 

suspcndcd coil gal- natur;il dei1ection;~l point, since eddy 
vanolnc.tcr is a labor- currc>r~ts operate, alnays in such direction 
at or^. ins t ru~nrnt  con- as t o  tend to  oppose the motion giving 
sisting of a suspentlecl risc to thetrr. 
Open coil of v e y  fine 

,vire, \vitllin an intense rllagrletic AS \vith 811 mr1ving coil instru~ncnts, the 
field. A Inirror is attac]led to tile moving direction oC deflection to I-ight or left of 
clernrnt, and t!lis rcflt:cts s beam of lizllt from a zero cicpcnds upon the direction in wllich 
clist;tnt lamp o n  to  s scrcex.1, ~vhcrc  ~rlovenlent currellt is passing round the hence 

is rrcorded they can be used to measure not only 
as though tlie be3111 of light consisted of a quantity but direction of current. For 
long, weightless pointer. obvious reasons they could not bc used on 

Compound magnets are usually em- alternating currents, even those of so low 
ployed, the diagrammatic view bcing a Irecluency relatively as met with.  in 
given in Fig. I, which also shows the commercial lighting and power circuits, 
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nlucli less with oscillatory curr.ents of of one ninety-millionth of an  ampere will 
ra(1io-frcclucncy. give a percctptible tleflt.ction on the scale. 

This typc of galvanometer is in very For large currents this type of galvano- 
general use for tvsting in co~~junct ion Ivith rtlcter can 1le " shuntecl," as in the case of 
the \Vlicatstone Hridge, espvcially \vith other measuring instruments, by provid- 
"null" o r  t~alanced rt~rrt>nt tc,sts. Whcn ing a hy-p;lss or shunt circuit hearing a 
used for " zero " testing the 1nag.net pole- iixed and known ratio to thc resistance of 
l;icccs \\-oultl be sliapctl som(~\vllat a i  in tile insti-ulilent coil ; the sliunt then 
Fig. 2 ill 01-tlcr to collccrltrate the iield passes the lx~ll i  of the total current, 
upon tllc) position of tlic coil when at  r ~ s t  ; lt,;tving onlj. a snlall fraction to go through 
11111 \vl~vn c~iiljloyctl fol- tlcHc(.tional test- tlie instr~unent cc-~ils. Fig. 4 sllows a 

ing--- i l l a t  is, by propor- staiirlard example of the 1)':'irsonval Gal- 
iion;~l ( I ~ ~ f l ~ ~ ~ t i o n s -  the vanoin~.ter, wit11 tlie covc.1- removed. See  
nl:~gnct pol~,s \vould be (;alvanome~er. 
sli;~lx~d ; ~ s  i r ~  Fig. 3 ,  sc) as DAYLIGHT EFFECT. Expression uscd 
to pro\-iclc ;I I-;ttlial lirld to descl.ibc tlic cliffel-cnce of norrllal range 
ot ncarly c~q~ialintcnsity of reception during th(3 daylight hours as 
tiiruugl~out the \rorl;in,o o,rnp;ireil a i t h  tlic night. I t  is \vcll known 
arc of thc coil nio7.e- that \~i~-clcs.; signal5 are received over 
i~ ic~nt .  'I'tlc alniost greater distances bj.  light than they can bc 
~ ~ c r i c c t  dalr~ping cifcct hy day, and t 11c.r~ have been illany theories 
\vliirll c;i~l t>e c111t airicd a~lvailccd to accoui~t for 111is phenonleno~i. 
wit11 this type of gal- Senatorc JIarconi was one of the first 

D,ARSONVAL v;\~ioll~eter rentlcrs it to ol~serve ant1 s t u t l v  the differences 
GALVANOMETER c.\;i~-c.incly suitable for betwet:n the: range of a station l ~ y  night 

l;ig. jlcft;, rapid worlc, as the dc- alirl b ~ r  da!,. and during ttiese observations 
sI1;~pi:rg for .;n~all  flcsction comcs to rest cliffel-cnces as great as ~ o o  to 800 miles 
tleflcction ~ l \ ; l n o -  on tlle metel- scale \\ere noted, signals scmt fro111 the same 
rnctcr, a n d  Fix. 3 
lor ,,rol,o,.tional aln~ost  a t  once, and its station by day reaching only as far as 
dcncction galvano- scnsitivitj. 15 sucll Ihat  joo miles, wliereas by night the same 

rncicr a current c ~ l  the oixler statioli fiat1 a range of solilc 1,550 miles. 

INTERIOR VIEW OF STANDARD PATTERN D'ARSONVAL GALVANOMETER 
1 1 4 ( (113 and cover llax c t~een  rr-1novcc1 to show thc 111tcrlorof this standard pattern of D'Xlsonval 
galvnnotncter The permanent magnet can be clearly sccn T h r -  Ir a su~pcndcd cod type of gal- 
\.\nol~lctcr aiid IS very serls~t~ve. ,2 currcnt o f  the 111dcr of ont ninety-nlrlllonth of an ampere can 

be recortled hy thls ~nstru~nent 
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The ranges also varied during the winter ouring to the absence of any damping 
and the summer months. The causes for effect. In  the second case tlic nccdle 
these c:ffccts arc obviously associated with aoukl come to rest vcry much more 
thc possible ant1 effective tran~lnit i ing quickly, and would be termed " dead 
range of a station, and are therefore of great beat. ' '  Tllcre are degrees bctween these 
irn~)c)rtance to ;111 ~virclcss esperiineriters. two ev t rc i~~cs  which do not fall under onc 
Furtlicrniore, there is apparcntlj- some Ileading more than the  otlier. 
conncxion t~ct\vcc,~i the exceptionally long To the opei-:tior it is a great advantage 
I-ange 1-cccptio11s that  are rccordlxl from to \\.ul.]i \vitli dead-beat instru~ncnts when 
tirnc to time. At first it was s1.1pposcd possil~~lt~, ohving to the great amount of 
that  the ionization of the atlnospllere t i n ~ c  ;a\-ed in ..vaiting lor flic needle to 
with the rising ol the sun was tlicx causc, conle to re-t. Tllc only exc(~piion to this is 
and that  absorption of energy u as the when r n e a s ~ ~ r i r ? ~  ~lloillentary or transient 
rcasori lor tllc tli~ninutiori in the  rang? by currrr:ts. ~\,liei-c tlic, \-aluc is rtstimaterl by 
clay due to losses in transmissior~. This tlic evtcnt of :he ~ i r s t  swing, arid any 
may I)c a contri1)utory causc, hut esamina- artilicial damping offcct 1%-ould then seri- 
tion uf the matter tends to the cnnclu~ion ously i111p;~ir t l ic  accuracy of the ohscrva- 
that  the chief c~onsidcration is the cliffrac- tion.. Also in cases where the currents 
tion of the elcctro-nlagnetic \\-a\-cs. wl~icli arc i-apidlj- fiuctuating a dead-beat 
are forcetl, for various reasons, to iollo~r 
]nore or less thc cur\.ature of the t i~ r th .  I 

ilnothcr causc is the relraction of the h??L- 

:I f- 
--- 

waves hy rcflcction 11y ionized air at high [DPfpction - - - -. - . 
altitutles. l'lic ionic refraction is a vari- 
ahlc factor, and to it arc attrihutc.d the ;; 
diurn;il ant1 annual changes in signal 
strength. The same causes may t i~nd tc-1, g 
or actually, Icngtl~en or shorten t h c  rangtt %Y' ;%7e of a tr;lnsmission sct. Surface wa\.cLs sucll - . - .- - .- 

as may be propagated along or t lirough ! 
the c~artli are otlicr contributoi-y C;LII';C>S to 
this oljscure hilt vcry real phcno~ncnon. rw&--- 
See Elcctron ; Facling ; Hca~isidt, 1.ayrr ; Q 

Transniission ; Valve. ,I 
D.C.C. This is the stantlartl al ll)re~-ia- $ 1  

tiori for tllc insulated wire I<IIO\VII a? $ 1  
tlou1)lc cotton covered wire. Sec I)ouble 
Cotton Covered ; \Tire. . ~ / P / P  

DEAD BEAT. \\'hen the nec~tllc of a NEEDLE DEFLECTION IN DEAD-BEAT 
galvanometei- or similar nleasuring instru- INSTRUMENTS 
mcnt deflects frolll its Zero pojition i t  Fig, r (top). l\Iolioii c,: a dead-brat needle is hcrc 
111ay I~ehavc i11 tlvo different waj-s. I t  indicnttd, the osciliations having I~een dampcd. 

may talic a smart swing froIn tlIc impulse I-iz. 2 i'elo\x-). Damping l i a ~ i n g  1,ccn omitted, 
rlellcction causes oicillalions which slowly die received, ancl overshoot the mark owing :,,, ,., ,,, ,.ep,esc ,,,, this curve,  and t!lc 

to the presence of inertia in the ;- loving 111-tl-urne,lt is not deacl-beat 
parts, in which case it first swings t eyond 
its final resting place, retreats to a point i n o ~ - e n i c ~ ~ t  noulll l7c a tlisadvantage, as 
so~llcwhat short, and successively o5i:illates i& \\-auld not re51 oncl with suficie~it  rcadi- 
to ant1 fro in swings of diminishing amldi- nes.;. Fig. I rep:-escnts :I. dead-heat move- 
tudc until it at  last coines to re.1. Or nlent, and Fig. z the result of omitting 
it may rnovc away from the zero point, niost of  tlle danil)ing effect. Sze Damping. 
on receiving its impulse, in a inorc DEAD-BEAT DISCHARGE. The dis- 
sluggisll rnanrier, tfic rapidity oi its niotion cllarge fro111 a chargetl condenser may 
slowing down as it reaches its final assunit either af two cliaractcristics: 
tleflectional position, beyond which it it ma). be " oscillatory," or i t  may be 
passes but a very little way, if a t  all. " deacl-beat," accm-cling to the conditions 

In thc first case the oscillations may vxisting in the circuit itself. The figure 
take quite an appreciable tiiile to die sho~vs a circuit containing inductance, 
away before the necdlc comes to r tst ,  capacity, and resistance. If a continuolis 
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elect~-o-~~ioti\-e force is now applied to 
tlir ends ot such a cirt:uit I l ~ e  cur~cnt  
v:iriations \\.ill tnkc the forni shoivn by 
t l ~ c  curvc: C. Energy will first be stored 
in 11ot11 tlic inductancc and the c~tl~acity,  
ancl will 1)c dissipated by ;illy circuit 
resistance ; the curve CI< 15 tlicrciore 
dra\vn in opposition to th~. curve C, 
indicating that energy is being abstracted 
instcatl of stored. .is is well linown, the 
inductive or " back " electro-nlotivc forcc 
of a circuit acts in opposition to the 
applied clectro-motive force, ; ~ n d  another 

I 
DEAD-BEAT DISCHARGE OF A CONDENSER 

Dead-bent dischal-gc is represented in a c i ~ c u i t  
conla in~ng inductance, capacity, and  rcsistance. 
Thr cur~e:l t  variations a l e  sll0\~11 by thc  cur\ e C. 

. lbstmcted energy is represc!ltcd a t  C R  

curve tliercforc \\.ill ncctl to be plotted, 
n-iiicll is intlicatetl accordingly in thc: tlia- 
gra111~ an(1 is partially in a negative and 
partially in a positive directioil. 

Tlic reason for the al~ove phenomena 
is as fol1on.s : as the result oi the. stc;idy 
increase of I)ack clectro-motive forcc in 
the condenser exerted by tlie accunlulat- 
ing charge on its plates, the charging 
currcnt after rising to a ~ i lax i~ l lu~n  falls to 
zcro again ; hut as the inductive electro- 
rnotive forcc will always be in opposition 
to the growth or decay of current-thxt 
is, it tends to oppose any change in 
current value-it lirst rises to a negative 
maxinlu~n all the nrliile tht: condcrisq 
current is growing, falls to zero when 
the charging currcnt is momentarilv at  
3 stationary value, then rcvcrses its 
tlircction and grows to a maximum again 
as the condenser charging c:urrent dies 
a n y .  IGnally, when the latter is at  zero 
there will be no inductive cl(:ctro-motive 
force, and this curve will also have arrived 
at  its zcro value. 

After an interval of time T the external 
applied electro-motive force is removed, 

:111cl t11v ba,:k elcctro-motive force stored 
UI)  in the condenser starts a current in 
tlic revcrsc direction through the circuit ; 
\r L~ereul~on t hc int luctivc clectro-motive 
force lirst takes energy froin the currcnt, 
and then stturns it, while the resistance 
j)resent absorbs energy as before until tlic 
current ceases to ilow. In fact the dis- 
c.11arging conditions will be practically the 
reverse of the cl~arging conditions. Having 
discliarged itself, the condcnser is once 
more inert until it receives anotller 
:~1)plicd elr ctro-n~otive forcc, and no 
further flov+7 of current takes place in 

'a 
either dire:tion in the meantime-in 
oiher word?, the discharge is "deati 
I~cat." 

But if the value of the circuit rcsistance 
u.erc less than the square root of four 
times the inductance divided by the 
capacity, the rise of the current would 
bct greater, ant1 thc condenser would 
discharge lilore quickly, t hcrcfore more 
energy would hc released in the circuit 
tlian coultl be immediately absorbed by 
tlic resistance. This excess energy, as a 
matter of fact, becomes stored in the 
irductancc, wliich later on returns it to 
tllc circuit when the currcnt falls, The 
re,sult ol this condition is that the current 
tlocs not in~~neiiiately stop when it reaches 
tlle zero v:rluc, as if would if it were truly 
dead lwat, but it reverses and recharges 
i l ~ e  condenser in the  opposite direction. 

The tliscliarge thus he(-o~nes oscillatory 
in character, and according to the pre- 
dominailcc l j f  one or other of t11c factors 
incluctance, capacity, and resistance, tlie 
o$cillat.ions inay continue for a longer or 
sl~orter period ol time in a succession of 
surgcs \vlUch ultimately die away when 
tlic condenser is conlpletely discharged. 

DEAD CRYSTAL. Name used to des- 
cribe a crystal without sensitive spots. In 
:tl)pcarance there is nothing to distinguish 
a dead from a scnsitive crystal, and a test 
is the only means of dcter~llining the 
condition. Occasionally a crystal may 
al)pear to be dead, csj)ecially after a 
IN-olonged period of usefulness, wlicn a 
current has been passed through it, as 
when a stage of high-frequency ainplifica- 
tion is enlployed. In such cases the 
fracture of a portion of the crystal will 
possibly reveal a frcsll face with a 
scnsitive spot. Tliere is at  present no 
apparent reason for dead crystals, as ac- 
cording to reported experi~nents there 
is no phj-sical, chemical, or optical 
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difference between a good and sensitive therefore, that  various inethods may be 
crystal and a dead piccc, which rnrty in- adopted for tlic: purpose. For example, 
cidentally l)e found in a lump of otherwise the ends of the wires from each separate 
cfficient mineral. The safest plan is to section rnay be considered virtually as 
o1)tain supplies from reputable dealers who tappings and may terminate in sockets antl 
nisi-ket only those crystals that have been connexions be effected by double-pronged 
tcxstecl for sensitivity. Crystal. ought plug-in contacts connecting adjacent ends 
never to he leit loose in the experinlcntcr's of t11c. coils, \~l.~ile a single-prong plug is 
tool clicst or other unsuitable place, or used at  one crid of the winding and a 
they nl;iy ljccome dead, a .state that is similar one a t  the opposite end of the 
ol~serval~le to some extent t)y tlie clull and windiilg 01 the last coil to be left in circuit. 
gc>ner:~ll,y liiclcss appearance. Such an arrangernerit is efficient, but 

This .;tat? of affairs is occacionally necesitates liceping on hand a sufficient 
I-en~ediahle I)y clcanqing the crysta.1 in nulnber of plug-~n cantacts, and it is gener- 
alcohol or good petrol, and chipping the ally ilkore ccrnve:lient to use tlie regulation 
surface to rcvenl fresh antl (-lea11 fat-tts slvitcl~. \.-arioui co~ilmercial patterns arc 
whicli tilay have a sensitive spot. available, hut the cxperi~nonter can easily 

DEAD EARTH. iZ11 expressioil used construct one in tile n~anncr  shown in 
wit11 a nunlixr of ~ilcanings. 111 one Figs. :$ to 10. 
application it ii synonomous wit1 n clcnd Thc essential requirements are shown in 
short, that is, a co~nplctc short c:irc:l~it. the iclrnm ol digtgranis in Figs. I and 2 ,  

In \vircless the espression rnay 11c cnl- 
ploycd to describe :I. conductor or con- A 

ductors that are directly, and oftcn ac:c:ir 
tlcntally, connec:tecl to the earth or the 
cart11 lead. ;\ totally diff~rc>nt us,: of tlic 
words has refcrencc to a poorly arranged 
or inefficient earth connexion, .such :IS \\ire 
connected to a paintecl water pip?, ~vlicrc 
the paint acts as an insulator and tlicrcby 
prevents the passage ol the current. C o n -  
\cquently the carth is dcatl, or uhclcsh 

DEAD-END EFFECT. The rc,.ult on 
an oscillatory circuit of the prcscncc. of idle 
turns ot an inductaricc. In the ordinary 
.liding contact tuner, tappecl indu,:tanl:cs, 
and so on, there is always prescnt t l ~ p  dead- 
end cffei:t clue to tlie unused portioi~ 01 the 
~nductance This unused part is .;till in C m  D c 
~nctallic connexion ~v i th  thc pal-t ~\~liicli i.; TAPPED INDUCTAUCE AND DEAD-END SWITCH 
k i n g  used, ant1 it acts as a s~nall  osc~illat in:;. t;ig. r .  Incinctancr \\,it11 severct~ separate tappitlg? 
(ircuit on its own accotlnt, is reprcssentt:d in tllis diagram, ollly two coils, C 

. 1 . he c ~ e c t s  ( , I  .,,l,.ll ti circuit lllay I,c c,,12- and D, bcii~:: in use. Contact blades arc shown 
on an e ~ o n i t c  disk. Thcsc niakc contact with tlle 

.-ltlerabk on reaction, allcl it is more notice- t,, ,hi,], tilc coils arc \\.ired, tllus reducing 
able on large coils than o n  small -L'lie losscs :.scocintcd uith 01-clii~ary type inductance 
~ i~agn i tude  of t l ~ c  (lend-end eiiccts may be sv itche-; 

reduced by iliort-circxiting the unused \,711icll illustrate ill(luc.tall(;e l.;~itll several 
1):~-t of tlie coil either dircctly or t l l ~ ~ ~ u f i h  ;L separ;,te tappillgs. this will be see11 
resist:tncc. The use of plug-in, duo-iatel-al, that tIlc Killdings 01 the first are talien 
or other coils \\round k)u the ljarticular to ;, tcrlninril A a single cc~ntact, The 
\\.ave-length it is dcstred to rccei\-c is a inner c;nd oi coil allcl the outer end 
conlmon way of avoiding dcatl-end effects, tllc scconrl coil ~ 1 - e  brought l-espectively 
since the whole of tlic inductance is used. to t,, adjaceltt (-oniact sluds, Each 

DEAD-END SWITCH. S a m e  given to separatc coil is treated in thc same way. 
a switch adapted for cutting out unwanted The outer end of the last cod is on a single 
parts of the windings of an inductance coil. contact stu(l Tlle number of turns of 
The purpose of any deacl-end switch is t o  wire in each coil need not be uniform. 
control the number of coils that  are actu- but may be modified to give either a 
;~llv in circuit in an inductance I t  i ollows, progrc,sivc range of inductance values, or 
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ACTION OF DEAD-END SWITCH 

)A the pairs of studs on the switch base when 
all thc coils arc uscd. 

IYitll the esception of the first contact 
I,la(lr, tlicy sho~iltl a11 bc of slicll width that  
tl~e). will just span across tlie pairs of con- 
tact studs, but the hrst plate should be 
lialf-~vidtli, as i t  only has to  make coiltact 
nit11 one stucl. A study o f  the cliagrain 
Fig z shows the effect of rnoviilg the 
ebonitc tlisk to txvo different positions. 

111 Pig. I only two coils, C, I), are in 
iQli 

circuit In tlir. inductance. In  tlie otlier 
diagram, Fig. 2, five coils, C, L), E, F, G, 
are in circuit. Tlie only connexion that  is a 
inadc betweer1 the contact blades and the  
stutls on the switch base is that  between 
tlrc narrow or first blade and the spindlc, as 
I)y tollolrring thc cliagram, Fig. I, it will be 
see11 that the curreizt t:nters bv the aerial 

Fiy. 2 .  Co~ltact  is in this diagram ~.eprc~srntt~tl 
!,ctwcen fi\.e ol the coils and the terrnirlals A ar?rl 

I3 h y  tncnni of the dead-rnd s\vitch 

may provide for filler tuning 1)y hax-ing 
coils wit11 few turns of wire in, say, the first 
tlrr-c'c or four sc.ctionr;, and grexter niml- 
11er in the rcn~aining sections. Howe~-er t l ~ e  
roils arc arranged, the nunll~cr ant[ ari-angc- 
mcnt of t:rlq)ings is thca same in (.ach case. 
Thc ntljacent ends of cacli scpara t c coil ai-e 
1)rouglit up lo a pair of cont>lct stud.;. 
'rllosc n-il! 1)c mountcd on an c~l~onitc~ haie 
arr:rngecl ill a s'micirclr, aild all of tlie 
pairs of studs \ d l  hc unilornll? spa(-ctl. 
Tlic s\zitcl~ may Ijc composed of a disk of 
el~oilitc frcc to revolve‘ on a stlicl fixed to 
the basel~oard. ;\ttached to thc ctlgc OI 
the et:oilitc tlisl; arc :1 1llin11,cr of 1)rass con- 
tact Ijla~lcs or plates built up from scvcr:~l 
pieces of tliin, springy coppcr or brass. 
.I slificieilt num1)er of tlicsc blutles arc rcx- 
quircd to pcr~rlit of connecting t<)gether all 

tei-minal :I, and flows from h e r e  to the 
first two coils, C, 11, and reaches the 
tci-minal B 1-ia thc narrow blade and 
thc curltact inadc through thc stud on the 
conncctiiig \\.ire \vhi,ch conilects it to the 
end of coil D. Tht: remaining coils in tlic 
incluctancc arc ciitircly disronnccteil from 
the circuit. Further movement of the 
sxvitcll to the l~osition shown in Fig. 2 puts 
five coils in circuit, and it will t)c seen 
t11;lt the single contnc-t 11lade corlnexion 
completes tllc. circuit tllrough t11c fifth 
coil to the terllliilal B, consequeiltly any  
nunil~cr ol coils can bc introduced into the 
circuit as required. 

As far as construction is concerned, it 
sl~olild be reineinberecl that  the switch has 
to cltlal with I~igll-frequeilcj- currents, and 
tlicl-cforc it stioulcl 11e constructed through- 
out with good quality ebonite, as in Fig. 3, 
and the suriacc ~vcll ~na t t ed .  The base, 
Fig. 4, may be about 0 in. square, and 

COMPLETE DEAD-END SWITCH AND ITS BASE 
Fig. 3. Broad contact j~ieces are fitted to  the dead-end switch shown in this photograph. Thcse 
arc wide enough to  make contact with two stlids a t  a time. On the left will be seen one narrow 
contact piece, makin? contact with only one stud. Fig. 4 .  The wood base and et~onite supporting 

pillat-s of tllr switch are shown. l'he hasr i i  a!,out h in. -,quarr, and the 1,illnrs Q in. in 11r.ight 
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HOW TO MAKE UP A DEAD-END SWITCH 
Fig. 5 (left). I'illars of the  tlcatl-end s,vitci~ ;ll-c. here l~cilig aiseinble i on thc basr. The operator is 
inserting a screw from t h c  ui~tlcl-sidc. Eacli pillar contains tu.0 scrt ws sepal-ate(! by solid elmnite. 
Fig. 6 (right). The  cbonitc l>nsc, \rit!r cbntact s tuds i i t t rd and the c rn t re  llole (11-illcd and  tapped. 

sliould 11c ~nounted on four pillars ot' 
c>l)onite, attached to a sub-base of hard- 
~vootl. The l~illars may bc about 2 in. in 
hciglit, and arc corincctcd bg- two screws. 
One of the .-;crews passes through th r  
e b o ~ ~ i t c  basc into the upper part of the, 
pillar, and the second scrcw through iroll-i 
thc unclcrside of the sub-l~asc: into tht, 
lo\vcr part ol the pillar, as show11 in Fig. 5. 
These two screws sl~ould not touch, bul 
:~lloultl I)e scparatcd by solitl ebonite. 

Thc nest  step is to ilrill a hole tlirougl? 
tlie centre oi tlic cl)o~lite basc for the c7c>n- 
lral stud, wllicli niay be matle troll1 a piccc 
oi plain 1)rass rod, scrcwc,tl at  the lo\jcr 
end and t a l~ l~e t l  into t h e  centre hole in the. 
cl~onite, ant1 lockctl to it 11y me;tns ol 21 
lock nut on tlie underside. Tlie upper 
part may bc screwed and providetl wi th  a 
sni;lll spring washer and nut. The Iiolcs 
lor the contact studs are next marlted out 
by nicrms of a scr.il)cr, clrillcd, and the 
contact studs fittccl t o  t h c ~ n .  Tlil-. corners 
of tlicsc stuils sliould be rour~ded off 
.lightly :~ncl tlie upper surfacc: j~olihllcf~ 
p(1rlcctly smooth. Tlie stuils sliollld pro- 
ject fro111 thv underside s u f i c i ~ n t l ~ -  to 
 errni nit of soldering the leads froln the 
inductance coils. 

:I cluatlrant of ebonite, shown in Fig. 6, 
equal in tl~ickness to the height of t l ~ e  siucls, 
is prepared and screwed to the upper side 
of tlic basc with two small, countersunk 
I~rass screws tapped into holes in tlie l~ase. 
The nest process is to turn u p  a disk of 
el:onitc, 2 3  in. in diameter, wit11 hole in 

thc centre so that it can turn lreely on the 
centl-c stud. The edge of tliis dislt should 
be n~uncled sliyhtly. 'I'hc contact blades 
havc next to 11c mado from hard coppcr, 
or ptiosp1~~-1~1-01~ze,  and scrc~vc~d to the 
unclc.rsidc of the tlisl; at the corrc.ct spac- 
i n c ,  as illustrated i r l  Fig. 7. It sllould 11e 
notetl that  thts~c plates or 1-011tact arlns :il-e 
bent over a t  thc ends, and are car-efully 
filed so that  tfiey 1:ear. evc:nl>- on the  t\vo 

UKDERSIDE OF SWITCH DISK 
Fig. 7 Contact p.cces a re  screwed to t h e  uniler- 
side c,f tlie r.bonitc disk. S o t c  t h a t  the  riglit- 
hand contact piece is ~nlallct. than the  other  four., 

i t  being t h e  actual control!ing contact 

contact studs. and that  they raise the 
ebonite disk slightly. 

A 5ingle d u n ~ m y  contact arm is fixed 
dian1c:trically opposite the single contact 
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CENTRE CONNEXION OF DEAD-END SWITCH 
17iq. H. Or1 t1;c urldcrsidc of tlir pancl the central 
cuiincsiun is m-ircd to unc o f  tlie tc:i-minal 1r:s. 

l l i c  wire bcinc llcld a t  1)oth cntls b!- t h t :  n1it.i 

ljlade, arltl is rrrerely used to bring pressure: 
on thc spring on the centre stud. I t  bears 
011 tlrc csl~onitc quadrant and keeps the 
srvitcl~ level. Two terminals are then 
f i s c d  at  the front part of t l ~ c  base, and one 
of tlieln connected by ineans of No. 18 
tinned coppcr wire to  the centre stud, as 
sliown in Fig. 8. The single n x r o w  con- 
tact plate sllould extend to thc centrc of 
tllc tlisk, hut ail of the others are short. 

To ensure a good contact bt:tween tlie 
narrow 1)ladc and tht: stud, tile disk of 
cbonitc shoul(1 be I~usllcd with l~rass, and 
tlicn the bush soldered to tlie contact 
blatlc. Tlic bush should hc long enough 
to cxtencl sligl~tly below the contact blade, 
and should project about -& in. above the 
upper surface ol the switch disl;. 

'Tl~c switch nlay he asse~irblcd by placing 
a thin brass washer ovcr the centre stud, 
i o  that it rcjts flat on tile ebonitc base. 
T l ~ e  switch tlisk, colnplcte with its con- 
tacts, is then yl;rced over the centre stud, 
n brass washcr slippetl ovcr it, next a spring 
wailrer, ancl finally, anotlier ~vashor and 
two locl; nuts, as sllown in Fig. 9. The 
tensio~l of t l ~ c  spring is adjusted by these 
uri~il the s\vii.ch clisl; can l)e turned easily 
hut without i he least trace ok shake. Tllc 
rolltact stlould be tcsted by a small battery 
ant1 buzzer, o arly other co~lvenlent means, 
to be ccr-tail1 t r ~ a t  rerfecr contact is m;~de  
in ~ 1 1  possible positioni of tlre snitch. 

115 the projection of the ccritrc stud with 
the entl of the spring washer would be 
01)icctioriahle it should 11c covcred by 
means of a hollow cbonite ltnob. This, as 
s11on.n in Fig. 10, can be turned lrom a 
solid picce oi c bonite, or- niay be constructed 
vf a piece of tu tx  : ~ n d  a flat plate or a 
knob,  ancl when co~npleted the whole inay 
be tiecured to the disk with tcvo brass 
screivs passccl through holes clrillcd in the 
walls of the tube and tapped into the bush 
on the switclr disk. The edge of the cap 
can IIC knurled to  provide a grip. 

If desired, this switch can be nlounted 
on a pancl, or nlay he used as a scparate 
unit. If intended for panel mounting, 
instead of using a fixed stud in the centre 
of the baseboard, the switch disk inay be 
made up as if it  were a condenser dial and 
knc~b, and the panel I~ushed to receive a 
spindle, u.hit11 can be rigidly attached t o  
the disk, ant1 contact preserved ~v i th  a 
slxlng washer ; ~ n d  nut as belorc. The 
untlerside of this disk will bc provided with 
contact plates in the way already dcs- 
crilled xnd works in a siinilar manner. 

CONTROL KNOB AND DISK OF DEAD-END SWITCH 
Fig. 9 (left). ..\sscml)led on the ebonitc base arc tlle st~ic1.j and terminals, also an ebonite quadrant, 
as seen in Fig. 6.  Tile disk is now inounted, and it ~vill be seen that when the coiltact pieces lcavc 
the studs thcy slide over the quadrant, which keeps tllr slvitcll linol, level. Fig. 10 (right). Fitted to 

the control 1~11ob is a cover piccc ~vl-iicli fits over the nilts and washers seen in tlie ccntre in Fig. g 
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Alternatively, the whole can be arranged DECOHERER. Device to  t ap  or vibrate a 
within a cabinet and opcrated by a knob coherer. Itiswellknown thatvai-iousmetal- 
attachcd to the outside end of the spindle, lic filings and torings, when enclosed in a 
the inner end of it being attached to the glass tube or c,thcrwisc kept in contact, 
switc11 plate. I n  the latter case pointers cohere or stick together ~vlrhen brought 
should 1)e attached to the knob and the undel- the action of electroinagnetic waves. 
panel calil)rated, so that  the position of Certain metals, however, show the 
tlic, single contact l~lade inay be known, reverse action: arid I'rofessor Rose has 
and tlic alnount of inductance or number demonstrated that  il potassium or arsenic 
of cc~ils in usc be clearly indicated by tlie powder is coiliined l~etween two rncta! 
calibrations. electrodes and its electrical resistance 

Ot l~c r  forrns of dead-end sivitcl~i inclutle mensnred, this resistance will increase 
tlto-;c of the 1)arrel type, with contact when the poi?-ders are su1,jcctcd to a 
platcs attac?tcd to tlie surface of the wirclc'ss wave. Thic is therefore a case of 
cylinder, and completing tht: circuits metals which a - c  dccolicrers. 
tlirough t11c nledin~n of vertical bruslies Thi: various forms ot^ mechanical ap- 
:rttachcd to the ebonite Ijasebo.~rd. In  plia1lc.e~ used to vibrate coherers are 
others, t ~ v o  concciitric rows of contai-t better l;no\vn, howcvcr, as decollcrcrs. 
studs are clisppsed about a centre stub A single b l o ~  or t ap  with a pencil on a 
wlicreon rotates a c-ircular switch ])late or coherer tube will effectivelv shake apart- 
disk similar to the foregoing. Sc?  Switch. the filings, but for anything other than 

DEAD SPACE. Tcrill ap- 
plied in connexion with the A 
special case o l  I~ca t  reception 
in whicli no beats are nudilllc 
owing to the two frcquencics 
being identical or very near 
together. Sed Beat Iieception. 
DECK INSULATOR. Type 

of insulator used on board 
sh ips fo r  insulating thp arrial EARLY FORM OF DECO 

at t l lc it is led Fiq. I .  Sir Oliver I-edge carried out experiments in the  early 
d a ~ s  of decoherers with :I device niade on the lines indicated 

throllgh the dcck or roof of the above, wllich is operrtted by clockworli 
opera tiyg cabin. One sucll 
well-k11on.n type of insulator is tlre Bratl- expeninental working i t  is necessary that  
ficlrl ins~~lntor ,  tlescribcd unc!c:r tliat hi:ad- this action slloulci he automatic, and tha t  

A ing in this Encycloprtlin. imme~liatel!. the partic-lcs have cohered 
Thc figure shows :~notlicr they should  11e ~ha l t cn  apart. This 
form of dt:ck in.;ulator. cohesion and ticcc~hesiclll should go on 
I t  consists of a 1)rass rod, automatically and rapidly as long as the 
A.  Surrounding this rod cohert*r is being slihjectecl to a wireless 

a arc a series of I apering wave, and the coherer shoulrl stay in i ts  
insulating fins, B, of high-resistallce statc wit11 its particles 
clectrosc~ forming two wcl! 5hal;en a p ~ r t  as soor1 as the  wave 
conical halves, on(, being ceascs. 
fisccl I~elo~v tlccli and the Thc earlic-st decohercrs to 1)e uscd wcrc 

I other above. Tlireaded either elcctric vibrators of tlie bell type, 
1 collars arc used t o  draw or mechanical ~ n e s  depending on a clock- 

the two halves of the work-rlriven cogwhccl I-ul~bing on a spring 

8 
insulator together on to attachcd to the  collerer or its stand. 
ruhher washers, which 1-otlge emplo!~ed the latter--Fig. I, in 
e.ns1r.r a \ ~ a t e r t i g l ~ t  joint. which (2 is a clockivorl~ motor driving a 
The lead-in from the four-bladed spider wheel, S. The tips of * aerial is soldered to the the spokes of this wliee! were arranged so 

TWO corrugated upper lug a t  C, and the that  they just touched the tip of a long 
concs are joined connexion to the instru- arm of whaleljonc, woc~d, or ebonite, U', 

a rubber ments to the lower lug, D. which was rigidly attached to one of the 
washer between, 
in deck insulators See Bradfield Insulator ; V blocks in which thc cohei-t~ tube, A, 

used on S I I ~ ~ S  Lead-in. rested 



DECOHERER 
~~- 

. . -- - - . . - - - 
~ - ~ 

656 
-- - 

DECREMENT 
- - - - - - - - - .- - - - - ~ 

~ - ~- 

I-otlgc pi-~!'cri-ed the mecha~l~c.al vibrator ]>lared ~leu.- tlie iron filings, and by 
1 0  t!lc cl~~ctrical becausc of thc ahi~ncc: of rotating pc1-11iaileiit ~naeliets over the 
the snlall sparlis producetl at t l ~ e  bell con- coherer ti11)e. .5cr3 Co!rerer ; Crystal ; 
tact.;, \~hic l i  he found affected his cohercr. Lodge Coherer ; 17al\-e. 

Popoff nncl Marconi botll cnlplqed tlle DECREMENT. Tlle decrement of an 
( icctrical n~c~tl~orl ,  having a rela\- conncctecl electrical os<:i!lntior~ rnay be clcfined as a 
in wries with the cohr:rc,r, so that  when the ~ncasul-c of i hc rate of its decay uiider the 
cohei-cr closed the circuit of tire rclay the intluencc ol dnn~ping. C)iving to its im- 
tapper started. ~ )o r t an t  cffe;ts on tuning at the rccciving 

I n  the 3l;~rconi apparatus a very scnii- station i t  i.; ncces.;ary to have a knowledge 9 
tivc rclay of about 1,000 o11111s was COII- ol its v a ! ~ ~ ?  from i L  lnatllematical stand- 
nccted in scric,s with the cohercr ;1nd point, in order that  transnlittiilg apparatus 
aclditiorlal external resistancr,.;, whilst a Jnny be so d.?signed as to  radiate its energy 1 
hingle dry cell provided tlle direct curreilt in the most efficient Inanller possible. 
wllicll p a ~ s c d  through thc t ohcrer and 111 a11>7 train of damped oscillations, such 
relay. as may be set up  by the discharge of a 

Thc tapper (Fig. 2 )  was mountcd on a cc~rldcnser tllroug11 a s~litable circuit, i t  is 
I\-cclgc-shapcd 1)lock so that  it coul(l found that  :L constant ratio exists between 
readily 11c adjusted to strike the unrler- the ~ l ~ a x i m ~ ~ r n  am1)litudes of every suc- 
iitlc of the cohcrcr, C. ctssive half-cycle. I n  other words, t he  

In thi: Lodge-Muirllr:~d mercury co- ratio of the first to the secorld is the same 
licrcr (Fig. 3)  a small st eel tljsk, D, having as that  of the second to  the third, and so on. 

hrolie do\vtl the film of oil, and immediately 

ELECTRICAL METHOD OF DE,-OHERIN(; follo~ving, \\,11<11 tllt. film of oil was replaced by 
the (lisli, clecuhesion occurred 

I : I ~ .  1. 5Iounted on a \vedgc-sllnped block is a 
t . ~ p ~ w r  which, beillg adjusted, strikes the cohcrer, This bc esprcssed as follows : 
t ' .  'SI1i.j illethod was employed i n  thc cspcri- 

mrnts of Marconi a11ti I'ol~off I,. - 22 -. LLL . . . . . . In - x 
- 

1 I I, Jn 
c:arefullv ron~ idc~f  edges, wa.; nlOUIlt~d wilere 11, I,, etc., represent the llighest 

al,.'ebollite E, the ljottonl of value of each half-oscillation as shown in 
the cup, E, was a small hole which held the figure. 
n pellet of Inercury in light contact with 
the disk. The disk was slowly revolved by 
c,lockworl;. il, few drops of paraffin oil 
were then placed in thc cup. forming a 
till11 over the surface of the merc1lry and 
also on tho steel disk. Wllcil a wireless 
wave passed, the film of oil brol<c down 

0; 

and tlic disk and mercury cc~hered. As 
.;eon as the  wave passed the, revolving 
disk carried the paraffin ovcr the surface 
of tlic mercury, thus effecting decchesion. 

44 
S. G. Brown employed alternating 

current ~nagnetic fields to produce de- DECREMENT OF ELECTRICAL OSCILLATION 
c~hesion in iron filings, both 1 1 ~  passing This diagram serves to  illustrate the rate 01 
alternating cllrrents t h r o u ~ h  field coils deca3- of damped waves 
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I t  11as been proved that the value of I and permits a consiclcrable interaction bc- 
dccreascs in accordance with a logarithmic tureen the  two circuits. This means that  
lam, and the constant difference I~etween some of the enorgy is lost to the aerial, 
the Napierian logarith~ns of two succeszive and tlic anlplitl~de of the radiated waves 
half-cycles is kno\vn as the logarithmic suflers accordingly. 
decrement. This is usually rcpresc~itcd by  Further, instead of a pure wave form, 
n letter of the Greek alphabet : s (delta). two distinct wi1r.e-lengths are einittrd. 

Thus .~ I1 - - 8 This interaction may be avoiclcd by the 
- E 

12 use of a quenched spark gap and by 
whcre P is the base of tlle Napierian system loosening the coupling, so that once the 
of logarithms, or primary has energized the aerial, its own 

I circuit is broken, leaving the  aerial t o  
;i z logc -b 

1 2  
oscillate to its clwn natural frequency. 

,rile gellerally accc,pted ,llcttlod (,, deter- I t  is clear that  if a tletectrr irl the rc- 
lllilling is to consider the ratio of olle ceivi~ig circuit requires oscillatio~ls of a 
lllasilrlulll anl,,litude to tilc in tile certain amplitude to  operate it,  a train of 
opposite direction, giving tile de,.rell,ent oscillatiorjs who.;e tlecrc~iilent is high \$-ill 
I)er half Ijeriod, ~ , , ~ t  in some instanc.es it is contt~in all its enc:rgy, as far  as tlie recei~ring 

of two suc.cessive static111 is co~lceri~ed,  in the lirst Sew oscilla- 

maxilnull ,  anl,,l,tudes ill t he  saalt. (iirec- tiunw)nly. Accordingly, tlicse must be of 
tioI1, in wllicl, cast. tlIt. ~ec.rel l l , , l l t  per a largc' aniplitudz if they are to operate thc 
coniljlr~te oscillation is obtained. recei~1.r with as 11-iuc.h effect as a greater 

num1)c.r of sm:rller but I1:ore regularly 
Reducing Decrement Losses occrlrring i~~lpulses,  entailing the llecessity 

TIle Taluc. of tlljs constant for a liarticu- for ;I ~1X"tel' prilllary power to  signal 01-er 
1 . cll-cuit : is dc.~,c.nd(,nt llpoll its l-;lc~iatillg a @\-ell rarlge ; or, c(>~l\'crsCl~, a sllorter 
I~.olj(lrticls ;lll(l itS l-C5iSta111JC, all(! ill tllC c.f'fe(.tive range is obtainecl with a given 
cast Of  couI,lc.tl cir-c-uits is iurtllcr power 111 adtiitiori, t l ~ e  recci\.ing ac,rial 
llludiiiczd by tilc dcgrcc of coup]illg, l'llus will br: escitcd ilv sllocli and \vill tcntl to 
tllc " I) lain " acl.ial systelll is prot~uc~tivi: of oscillate a t  its natural time period, witliout 
grolllls of oscil[atiolls of high decl-Lzm(,nt, ~ ' g a r d  to the fl  cqncncy. o b t h c  inconling 
c,n.inji to its cscellellcc as a radiator arid it; V i  lII~Ol\'illg flat !thlliIlg, \\'it11 its 
~ ~ i ~ l ~  rcslstanc,,, (-llii>fly colltril)llted , y  tll,: attc'ndant w.ils, the tliffic u l t ~  u f  eliininating 
sll;Lrl; gap. J<ntllatioll itself is tile ulti- intt:'fcrellcc: alld 105s of s~lc'cti\-ity. 
111atc ail11 of tlic: t r a ~ ~ s m i t t i r ~ g  ap]);rratus, Calculation of Decrement 
and tlec-remcnt, on this account, carinot be 
avoid(,d, but tile losses due to rc5istal,cc Tlie inajority of formulae for thc calcu- 
nlay be kept to a low l-alut: by tll,. of lation of the I'~garit1i1nic decrement of 
an gauge of wire in tile aerial bv circ~iits art: of a \.el-y conlplex nature, but 
an  efficient earthing s>.stcin. the followirig are useft11 irr giving sollle 

further still call lje gainetl idea of how it varies in accordance with 
ilY cmljloying a tn-O-circllit transmitter, i l l  the 11rirlcipli:s already tliscussed. 
\vllicll tkle l1igll resistallce of tile spark gap I n  a circuit which does not radiate and is 
is rc.111oved fro111 tlic aerial and placed ill ;r not c'Jcq'led to anOthc'r 
c1o;ccl circuit. l'lie latter is but a poor 8 =- K 
r:~tliator, and -pro\-ided it is supp1it.d \\.it11 ~n L 
:t suitable sparl; gal) it is cap;~ble of where 1C is the Iligh-freqllel~cv resistance, 
generating groul)wc,f oscillations o f  w11icI1 L is tlle inductn:lce and ? c  the frequency ; 
tllcs c1i.c-renient is a sniall value. 

but I 
y/, x LZy couplin;: this circ-nil to thc &(,rial, its -- 

?r -'C I a 
;ncrpy is transferred to tlle open osc illatorv 
i.ir e., ,  i t ,  alld tllcr resultant and 1)y suhstitutiol~ n.c 11;~l-c 

\\.ill I)(> of a grcatcr ~)c~rsistt~iii.p t ~iaii in tile 8 ==:I< /-- C' 
i :,-.t3 of a "plain" avrial. I f ,  l l O ~ ~ \ ' c r .  too . 2 i\, I. 
t igl~t  ;I rl(.:;ret. ol couljling bc t ~ s c ~ l ,  50111,: of in tt.1.r is of caparity ;~ntl  intluc~tnnce. 
t11c energy is transfc.1-I-cd bac.1; to t l~c,  closecl (:)wing to t l ~ c  ~ v i d ~ l y  rliifere~lt natures of 
c,ir.crlit, o w i ~ ~ g  to tlic fact that tlro sp:trli, ope11 and closed circuits, it is to be expected 
irl taliing an alj1)reciable tiiiicb tcr dic a\\;l!;, that tlle decreii~c~lt  ol ear11 \.a1 ies consider- 
~ i ~ a i ~ i t a i n s  tllc. gap in a corliluctivt stCltc, ably, rnd the 1-c.sultunt tlec'reinent of the 

D 27 1x1 
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when thc ratio of first t o  last DECREMETER COMPLETE IN CASE 
equ:~ls ~oo.--E. C. Srikcr. F~K. 1. \t'itll certain morliC~c:~tio~lsoi calibratiot~, t h i s  i ~ ~ s t r u n l e ~ ~ t  

DECREMETER. Jllstru- is 11eGgncd likr a \vax7t3tneti,r. It is used lor  measuring t h e  
mcnt for mcnsuring the log- logai-,thmic decri.rnent of an osc~ilation 

arithmic decrement of a11 Cozr~;esv Nnrco?zi's Wzrel~ss T e l r , y n @ h  Co. ,  Ltr2. 

oscillation. In  design it is inc.relp a witve- current, \.:tries irlversely with 12, the 
meter with certain rnodilicutions as regards number of inrns. 
methods of ca1il)ration. Fig. I shows the With the movablc contacts A and B a t  
circuit of thc~ instrument, and Fig. 2 a evtrcmc ends of coil, tnnc. the ineter to  t.he 
i ypical inst runlent. Th(> ~x-inc:iplibs of the c:une \va\ c-length as the circuit under 
opcration of a tlecrc3mctcr arc: :is follows : consideratic,n. lZeduce the distance be- 

If tlic coil 1)c couplrd to thcs c-is(-uit t\treen A and B until thc sound is only just 
whosc tl(~crcmrnt it i.;. d(~sirct1 to incaiure, andihle in the telc~)lloncs, and note tlie 
an E.hI.1:. \vill hc incll~cctl ncioss the c,nds number of turns ljctween them and the  

of tlic coi!, giving rttting of thc condenser. Slightly alter 
rise to an osrill:rt- niljustnicnt of the condcnscr, and again 
i11p i-ur.r?n t ,  wliich take just enough turns to ol~tain an audible 

A B can I T  c1etei:ted sound in I~cadphones. IIorc turns wil! 
1-)y tl:.: action of 1)e required, oxving to ciecrcase in cl~rrent 
the (~ryslal  and due to the meter now 1)cing mistuned. 
tllc telcpliotics. Xgain notr nulnher of tin-ns and setting o f  
T o pso(lu('e a ci)ndcnscr. 
g i v n 5 i g 11 a 1 Thc following lormula gives t11c decre- 
strc9ngth; wltic:h ,,-,,t : 
for I'U~JX'SC"~ T ( I - -  X I ? ? )  

?as\- conipas~son D + = --'---lL 
DECREMETER DlA6RAM lllai- t;lkcn \l'(cJ,'c2)2- 1 
I:ig. I .  Circuit diagram of 
:L dccrcnletn-, and 13 that \\.hich is /ust  'vllere 

movzr l , l~ :  contacts. audible, the, two U is tlc~crcment it is rcquir-ed to 
'She coil is con~) led  to the  mova1)le contad s, 111easui-e, 
circuit wl~osedecrement is L\ all(\ n, must 8 that  of rlccrcmeter, ~ h i h  call be 

t o  IIC measured placetl a c r o s s made of verv low value and JOP 
more turns of the coii if the current neglected, 
is a small value than if it is large, duc to C1 is current in meter when tuned to 
the potential drop across each turn varying resc~nance, 
with the strength of the currcnt (the re- C, is current when slightly ~nistuncd, 

* 
sistance of the coil being constant). Thus h ,  is wave-length of meter at  first 
the number of turns used is a mtLasure of the setting, and 
current flowing in the mctcr, and C, the 1, wave-length at  second. 
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By definit~un, A vanes as J I ~ , ,  but as 11ght of a W'clsllach burner. He  noticcd 
~nductancc, of ci~il is fixcd, A varies as that the !~ght \ ariecl in intensity as he 
,/K, mherc 1< is the capac~ty  and L the operated his spark t ran~mit ter .  Though 
~nduc t  ancc. Ilc quit-kly dlscol ered the phenonienon was 

. '"1 - \I% due to acoustics and not tvirclcs> waves, it . .  - - 
\ z  J K 2  Icd him t o  in\v.stigate the propertic5 of 

I the Eunsen flame, 
and, as s l~on  II al>ore, C varies as - He uscd two platinum electrodcs fixed 

closely together in tlicx flame. To  thc - C, . n, * " - n ,  rlectrodcs mras connected a c i rcu~t  contain- 
ing ,an 18-volt I ~ a t  tcry and a telephone 

Sul)\tituting in original fonnula, n c  11,i'~t. ~eccl r  cr Late1 he einl!loyed t ~ o  incan- 
T ( ~ -  \ ' I<~JK~)  -- 

tiescent lanq) filz~nents :n one bulb, from * I )  -. 
\'(% n,)' - 1 nhich 11e developed the hot filament ancl 

the c old po.~t~r. elv ch,lrgetl plate or anode The \rctlue, of capacity and num1~cr ot Tills \\as tl,r t \  v6,- elec.trode valve. Tlle5c turn5 can no\\ I I C  iuh5tituted ,~nd  D cvperllnellts led nc Forest to acid tl,e 
c alc 111at~d 
DE FOREST, DR. LEE. . l i ~ ~ e i ~ c n n  

third cl~ctrotlc or grid, which has ~cvolu-  
tiwizcd wireless 1 elcg~ aphv ant1 telephony 

n irele.5 L X P C ~  t 11 ~t COI~I~CI I  JNuft ., L)e I:ol eSt has I]( rcspoIlslhl(, fol large 
lo\\a,  1873, 11c. early took an ~ntc ies t  111 uun~ber  of ~ \ , i t c ~ i l s  in connexion nit11 wlre- 
wnc>lc+ ~ l ~ l c c t s  ( h i ~ u i a l l ~  11c \\orl,ed trallsmi,sior Hc 111s dm eloped a 
\\ith n  mall nrc of the l'oulsen t\?l>e, al1c1 ,ucc (,,. ful rlltcmltlI,g ivstem of 
cstaljl~,hcrl colnmunit a t ~ o n  over short il,cNk ,rlrel( ss tt,lcpho13y 
range-. I n  rrjoo, while csper~n:cnt~ng Tn I cj02 11c ounder! the Dc Forest 
n ~ t h  .rn c l ~ ~ t ~ o l y t ~ c  detector lor \\ireless \f711c!,5, Telr,qI,gll Co,, alld Uc 
s~ynal,, Ilc 11a;)pcnc~d to he uolking ljy the 170sE,t Radio rl't Co Icto; Hc 

wai aivardctl tlle gold mcda! a t  tllc 
,it I.(\ulc E.;h~')itioi~ 111 1904 for lri, 
tclcgr,~ph~c voile I)c Forrst i< thc author 
(11 inan \  pq~ ' c f i  i n  1113 v ,~ l \~e  and mt.thorls 
01 i r ~ ~ i l > l ~ l l  ,.1011. 
DE FOREST COILS. '1 t l  pe of hone) - 

coin11 coil rianierl after Dr. L I)e Forcst 
Tlrcj .lie extensil-el> used for inductances, 
.rnd each coil 1, pro\ ~ d (  d n ~ t l l  a plug-in 
t onnr xion lo f ~ c  ~ l ~ t , t t c  th(1 intcicliange of 
one ~ I L I :  or \slue of (-011 lor 'inother Tlic 
contact 5tuds alc adapted to ftt into s u ~ t -  
able c c ~ l  liolderz (q  z1 \ ,  \\ h ~ c h ,  to give tlic 
t)e>t lcsults shollld hc ad~ui tahlc  so that  
t h e  coi s can be oloretl nearer to oi farther 
from one anothcr \\.hen ~t 1s de,lred t o  use 
t n o  o~ inore f o ~  reactlor1 purposes 

Thc specla1 feature of these coils is thc 
a n  ang(~inent of +he n indings, n hich, al- 
tliougii sonlewhat 1iLr tlic usual honey- 
coml> ~lirangeinc l t ,  d1fft.1~ In that  these 
toils '11 c \found on t l ~ r  (1110-lat cral princl- 
~ ~ l e ,  <~n t l  a1 e so a1 angc.il t h,lt p,lrallel wircs 
111 al te~natc 1 a j ( > 1 ~  conle I ) e t ~ \ ~ e n  those ol * the 111 ccecl~ng . <ind follcj\\ ing altcrnatc 
Idleis Thc I?-1 It 15 that tht Iajcrs are 
not d ~ i c ~  tl\ o x c 1  ontx .~not l lc~ in the sciisc 

DR. LEE DE FOREST t h a t  t11c.y i':)iild 1 c il ~l~ei-ely \zround around * 1 F r  i 1 1  1 I - r  a ;I forln,y allrl 111~ alrcri5i\~c super- 
'l'hc i t l t rot luclio~~ of thr  t l ~ i rd  clcctrodc, rlr g i ~ t l ,  i lnpoSt, \~.  -rllc arc lvound ir, a clia- 
re\-ohltionizctl \\.ircl<,si telegraph! and tclc.phony. 
l l e  ll ; ,s  rcil,on,i~,~c for  i ro,-e- ~noi~( l -~l lapf~cl  pat:crn, and the turns of onc 

rncni> ill \!-ircirxss app:~ratu> l a ~ - ~ r  a l\vays cro: s those of the ~jsec:eding 
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iJoneqcomb cnil-, as  illu5trated .tbo\e artx named after the  .\mcrlcan ~ n v e n t o r  ]>I Lee I le  Fore5t 
They are made in varlous sizes, and .ire constructetl for plug-in connexlon on the  usual principle of 

alternate projecting leg, or  plug, afici socket 
Courlcsv I ~ ~ J L I L  Llrctric Cu Ltd 
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layer a t  an angle. The claims are that  When it is desired to  use several of these 
thcsc coils have a inininluin t1ist1-ibuted roils in a circuit, as, for example, a three- 
capacity :~nrl a high efficicncjr. (:oil arrangement \vith a prii~lai-y coil, a 

The appearance of the coil, is sho1r.n in secondary coil, and a reaction coil, thc 
tlie illustration, which also sl-inws tllat. the following zirc given as suitable under nor- 
\vinding is commenced on a cir-cular former ilia1 conditions with an  average aerial and 
which has a standard width of I in. and a tlie priinar-y condenser having a value of 
tliamctcr internally of 2 in. The outside ' ( J O I j  mftl. and thc secondary condenser 
diiun~etcr v;lrics according to the size of tlie ,001 infd. The coils will then generally 
c-oil, ant1 ratigcs from 21 to 4; in. diameter. I-espond to the iollowi~lg wave-length 
Tlic. ivindiiigs are protcctccl hy ;L liand of ranges, tllc condensers being uscd in series. 4 
insulating mrrtcsrial attached I o thc c.l~,~nite \vave-lc!ngtl! Prirnary Sccoildary licaction 

Coil. Coil. block rvl~icli lrdds contact plug and sorkct. 
jo 35 

Coil. 
7 - 

Tllr coils are known l)y ~iu~nl:crs,, and 300 ,, 790 ,, 75 
-2 35 
.5 0 35 

those of grcsatest use to thc csxpci-iintlnter 630 ,, 1.600 ,, I 5 0  T O O  75 
a 

rangc iro~li No. 25 to No.  I , i O o .  8 0  , I , zoo 150 100 

\\!lien usc,tl in conjunction n.itli tllc .lvrr- 1'400 ,' ',"O 3 ,  30° 
2 j o  I00 

I'.I\I,(;, ilc>rial anti in  :.llunt \5rith a DELLINGER, J. H. American wireless 
varial,lc of .Oc,r lmfd, cx11e1-t. Eoril at  Cleveland, Oliio, 1866, 
(.ity, tilc i l l t ~ u ,  tan,.? ~ n d  educated a t  tllc High School there, 

wa\.c.-~cngtll is fiik.cn in tile . ~ n d  at tht: 1T;~stc.i-11 Rrscrvc and George 
folloivi~~g table : \Yasliingtc n Irni~.ersitirs, he bccanlc in- 

htructor of pl~ysics a t  thc former uni- 
versity ill iqot;. In 1907 lie was :ippointcd 
to tllc: Y , , ~ ~ ~ ; ~ ~ ~  of standards. ])ellinger 
has c:arrits,.l olit a nuir~hcl- of iinportsnt 
rcsc:archei in electricity, notably in wire- 
less, and he n.as appointed llcad of the 
IZadio Lak'orwtory ol thc: Bureau of Stand- 
rirds. IIe is the author of a rlunlher of 
wrll-kno~v:~ 1)ooks on wirrless telegraphy 
and trl(~l)liony as \vcll as i~~inierous 
papus .  In  1qz1 Ile was appointctl as a 
delegate ;it the Int cr-Allied Conference 
in Paris on IZadio Communication, and 
in 1922 secretary 01 thc Ynited States 
Govrrnment Iiadio Cornlnittcc. 1)cllinger 
is a 111c1nl-er of a large ilumber of scientific 
societies, i nc lud in~  tlrc .Iil~ericail I'hysical 
So(-i~:ty. 

. 1 \ \  1 \ - 
I,I<N(;.I'H I < A S ( ; E S  OF L)E FOREST COlLS 
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DELTA CONNEXIONS or GROUPING. former can be includecl in the circuit to 
If three coils mounted syn~~nctrically trarlsiorm the generator voltage to  either 
ruuntl a sllait al-c rotated in a nlagilctic a higher or lower value. Tliis can he 
ficlcl, an alternating voltage of tlic snine acconiplisllccl by the use of three single- 
anlplitudc is induced in cach coil. Tliere phase tral~sforlners connected as shown 
would, llon.e\.cr, be a difference c ~ t  phase in Fig. 3. I t  should noted that  both 
of 120' 1)etu.een each pair of coils. Such the primaries and the secondaries arc 
a co~llbination is called a three-phase delta-connected. I11 tlle delta inctliod of 
systeili, and the induced E.JI.F.'s can be 
rcpresenl-cd I>y curves slio\vn in l i ~ .  I. A A fi Alternator 

X methotl of coilnccting the thri:e coils I\ 1 I \ 

of the simple alternating current gonerator 
is that  knu\vn as the mesh 01. delta r. - ,  
connc.sion, and consists of connecting the I 

rcar end of coil I to the front end of ] I 

I 

f i  Loud 
DELTA CONNEXIONS IN THREE-PHASE 

TR4NSFORMERS 
Fig. 3. Three singls-phase tr;lnsfol.me~-s are here 
cu~liiectecl as a thl-ee-phase transformer, tnlilng 
the place of a three-phase altel-tlator connected 

d i~ -ec t l~ ,  t o  tlle load 

connecti~lg tra~lsforlners the ratio of 
transfornlation f2f the line voltage will 
cqual the ratio of the primary t o  the 
secotldary turns. 

A three-phase tr~nsforlller can be con- 
structcd by n-inding the pi-inlary and 

Pig. I (above). Electro-motive force induced 
7i5 A / t m a t o r  

in a three-phasc system is represented by thi> 
curvc. Fig. 2 (L~clo~vj. Threc coils s\-mrnetricall!. 
~nouritcd aroulld a %tiaft rotating in a ~r~agnet ic  

ficltl as sho\vn constitute delta grouiting 

coil 2 ,  the rcsar end of coil 2 to t l ~ c  f r o ~ ~ t  
end of coil 3, and the rear end ot coil 3 
to tlic front end of coil I. A closed circuit 
is thereby formed, the  connexion~ being 
taken as in Fig. 2. 

If the E.fi1.F.'~ of the coils : ~ t  any 
instant are atltlecl together, tlic r(?-;ult is 
zero---that is, tlio s u ~ n  of the E ._lI.l:.'s 
of any two coils is cqual and oplx)>ite to 
tlie E.3I.I'. of the, tliird coil ; l~eiicc tlic . 
liiic I-oltagc will be c~qual to tlie pliastb ( 
voltagc. Tlic current in each liiic is tlic 
sun1 oL tlic c-~~r.rcnts in two coils, 01- tlic 
currcrlt flo\ring out ol line :I is tlie \.ecto~. 
diffcrcncc bettvccn thc c u r r ~ r i t ~  ill coil5 
I ailtl 3 a i ~ l  C ~ U ; I ~ S  i7 I , . THREE-PHASE TRANSFORMER COILS 

~ h ~ ~ ~ - p h ~ ~ ~  ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ ~ .  ~ ~ ~ t ~ , ~ d  (,i Fig. 4. Tllrec-linlt~ed ir-011 core is repxsented in 
t i~i-;  ( I I : IP?RI IL ,  wit11 the l i t n t )~  \vot~ltd separately tlic tllrcc-phase alternator bring cor!rlectetl I,, t; ,rCL. of a t  former, CoIlnesions 

directly to the loacl, a three-p11al.e tr:m.- are mndr n the dc.!t,i nletliod 
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of the phase difference l~etwcen the two 3 p st:condaries being the same as that 
hetxvccn the two primaries. 

Three-Phase Power. The power in the 
three-phasc system is equal to the sum of 
the powers in the three phases, and equals 

ELI,  cos e, where EL is the line volt- 
age, I, the line current, and cos o is the 
phase diffci-cnce betwcen the coil voltage 
and t l ~ c  current. 

If the systcnl is a balanced one--that is, 
equal in each of t l ~ e  three phases- < :-. then, provided tire neutral point is avail- 
able, one wattmeter can be used, the total 
power being obtained by nlultiplying the 
reading by three. In a delta-connected 
systenl a11 artificial neutral point is 

1;ig. 6 proritled ky three high resistances con- 
nectetl together in star form, The 

C.C. . 
TWO METHODS OF CONKECTING 

TRANSFORMERS 
1;1g. 5 (abovtt). Delta method of connect in^ pri- 
mary and sccond;lry windings of ;I thee-phase 
transformer. Fig. b (below). Two trallsformers 
only are rcquired in this case, which is anc)ther 
mcthotl of connecting ;I three-phase transfarmcr 

secondary coils for eacli phase 011 a separate 
lilnl) of a tllrcc-li~libed iron cure as shown 
ill Fig. 4. . Tlie primary an(l sccontlary 
coils can thcn IIC either st;tr or tlclta 
connected. Fig. 5 shows the delta nlcthod 
of connecting both the pr-im;~ry and 
secondary \\-inclings of a three-phase 
trnnsfoi-1nc:r. C.C. 

c c MEASUREMENT BY TWO WATTMETERS 
I'ig. F. Circl~its of a three-phase sys te~n being 
sclrlonl balanced exac:tly, a method as here 
s l ~ o ~ ~ n  is usu.tlly adopted for power measurement 

by t!lc use of two wattmeters 

connexions lor employing one wattmeter 
to measure the power of a delta-connected 
system are shoxvn in Fig. 7. 

I t  is scldom, however, that the circuits 
i l f  a t1irc.c-pl-lxse systcnl are cxactly 
danced,  and tllc usual method of measur- 

ing the total power is t)y the use of two 
\vat t ~ n c t c r ~ .  The method of connecting 
two wattlneters is sliown in Fig. 8. 
(;enel-ally the volt coil of each wattmeter 

POWER MEASUREMENT OF DELTA. is mounted on a coinmoil spindle, and the 
CONNECTED SYSTEM wattmeter is provided with one scale 

Fig. 7. Threc high resistances are connected as to read the total po\vcr illde- 
4 

shown in this diagram for the Purpose of I,endently of the balance or wave-form. 
cmploying one wattmeter only to measure the 

power in a balanced delta-connected system DENNIS DETECTOR. Well-known 
for111 of crystal detector largely used in 9 

I\ new method of connecting three-phase the Signal Service. Tlle detector is, in 
transformers is that shown in Fig. 6, only reality, three detectors in one. The three 
two transformers being required. The crystals are separately mounted on an 
three-phase supply is maintained by virtue cbonite base on pillars provided with brass 



pegs u~llich project from a circular eboilite 
base, to \vliich the pillars are fastened. 
The brass pegs make contact through 
springs on a sqnarc cl~onite panel to which 
the circular base is attached. ;I circular 
chonite cap fits over the pillars, .ind this 
cap inay he locked in position and then 
rot;tted to bring cach crj.stal in ti-irn into 
oper;~tion. Tllc tops of the pillars ar-e 
removable, and carrjr crystal cups -cre\vcd 
into- them, so that  tlie crystals niay 
quickly be interchangcrl. C:~rbosut~- 
dunl-steel, anti zincite and pj~ritc.? are tlie 
usual crystals used \\.it11 this form ot 
clctector. 

DENSITY. Tlic amount of matter in a 
given volunlc of a substance. Absolute 
density is the  mount 01 ~na t t e r  in unit 
volume of a ~ u l ~ s t a n c c  ; relative densit!., 
or specific gravity, is the ratio of tlie m a s  
of a gilrcn volu~nc: of a su1)stanct. t o  the 
laass of the sanle volumc. of another 
suhst;~nce usuall\. takrn ah >tandard. In  
lrctual practice the spccitic gra\-it)- of 
~ubst:rnces, i.e. the rcl:~ti\-c den~ i t j , .  is the 
only thing that i5 nscd. 

Thc tei-n-i is ;rlso user1 in electricit> in 
huch cxprcssions as current tlrn5ity, i lus 
density, ctc., tlealt with uncler tllcir propcr 
Ileaclings. Sce Specific Grai.it!.. 

DEPOLARIZATION. Term useti in elec- 
tricity to dcnotc the more or less complete 
rcmoval of the polarizing ion, in pmc- 
tice, I ~ y d r o g ~ n ,  from an clcctric ccll. The 
nlost effective nicthod o l  d(,polarization 
is to substitute a l l a r~n lc~s  ion lor tlie 
I~ydrogen ion, as in tlie case of the Ilaniell 
Ccxll. Sec Depolarizer. 

DEPOLARIZER. 'The suhstancc em- 
k~loyed to check the local act ion in primary 
cells due to  the formation of bul~l~les  of 
hgdrogen on tlic negative plates. Tlicse 
bubbles are produced hy the interaction of 
ntctallic impurities, which set up irlinutc 
currents in the ncgati\,e pl;~tc.s, with the 
result that  the p o l a r i t  of the ccll is 
modified. The process can Ilc cliet ixd  by 
an~algamatioa with mercury. 

Other ll~cthods of depolari~atiui~ are : 
( I )  oxidation of the hydrogen by poi :~ssilln~ 
t)ichromntc, as in the bichro~natc I.l,~tter>-. 
or 1)y r~iti-ic acid, as in the Crovc and f3unkeri 
I)attcries ; ( 2 )  ~ ~ l b s t i t u t i ~ n  01 tlic I1!(1roge11 
l-ry S < ) I I ~ C  otller ~ I W ~ ~ I I C C  \ \ . ~ I ~ c I I  ~ I ) C S  nc)t 
xi1-c :i counter clcctro - nloti1.c ic;~ ce oi 
polarization, as in tltc Ilanic,ll ccll 1)). re- 
l)I;r(:i~lg the copper in the copper s~ilplr:~te 
I,\; the liydrogcn, wit11 tlie 1-ewlt tirat tht- 
(,01)11c1- is dcpobitcd on tlic pohitivc. poic. 

3 DE SAUTY BRIDGE 
- -- -- - - 

Here the depolari;.cr iz CuSO,. In  t l ~ c  
Leclanchk cell the depolarizer is a packing 
of nlanganese dioxide and crushcd carbon 
round the carbon rod. The same method 
is adopted in the so-callcd " dry " cells. 

DE SAUTY BRIDGE. Resistance 
method of measuring the capac~ty  of a 
condenser. Thc~ figure shows tlie form of 
tlie bt idge. C,, C, are two condensers, R, .  

- -. - . -. . - - DE SAUTY METHOD OF CAPACITY 
MEASUREMENT 

Condcnsrr capacity can Ilc measured by a n  
arrarigtrnent of rt.sistanccs as hcre indic;ltetl, 

which is  known as a De Sauty bridge 

I<, t ~ n ,  variable resistances, G a galvano- 
meter, B a battery and kcy. 

The condenser C, is of knon.11 capacitj., 
and C, is tlie capacity it is required to find. 
The rclsistances R,, I<, are variable, and 
the rntio of the two is varied until thew is 
no deflection in the galvanullleter wlien the 
battcry circuit key is closed. Under 
tliese conditions, 

(:,1<1 ,= C2R2. 
an equation whit h gives C2 In terms of tlie 
I<nown capacity and the two known 
resistances. 

telephone rc1:eiver nlay be substituted 
for the gnlvanomctcr, and the battery 
I-ep1acc.d by a battc:ry and buzzer. The 
i.csistances are then atljustetl until the 
least >ound is lleard in tlie telephones, 
wllcn the same tequation holds. Thc 1)e 
5auty 121-idge is :tlso useful for ineasuring 
the cal)acity of at1 acrial circuit, the aerial 
and t :~ r th  wires being sul~stitutcd for the 
~ l ~ l i l i o ~ n  coildenser in tlrc way indicatcd 
I I ~  the dottcd lints. l'lir. l i ~ l o ~ ~ i  conclenser 
should I~echoscn, if possil)lr, with acapacity 
approsimating to tlie c.apacity it is re- 
cluirctl to find. .See Cap:rcity. 



DETECTOR. An appliance for convert- 
ing high-frequency oscillating current (or 
voltage) into a form capable of affecting an 
instrunlent such as a telephone recciver or 
galvano~ncter. 

As the cthcr waves associatetl with 
~virclcss work cannot affect the ear 
tlircctly, they can only he detcctecl by 
zorne changc: they effect in a nlaterial 
substance, and all devices for detecting 
+,ucli waves arc instrument, for the 
detection of high-frequc~ncy tcurrcnts or 
high-frequency oscillations of potential. 
For them to 1~ effective and opc,rati\-e they 
arc generally conncctecl in ;t suital~le 
rnanner to an aerial. The function of rlie 
aerial is to collect the ether waves and 
convcart them into alternating currents, 
cna1)ling them to be c1ett:cted. 

The f!uc:tu:iting c4cctric a11(1 magnetic 
forces which constitute the 1v:lve set up 
I ~ i g k - r c  currents in t!lc: mire, arld 
the function of the clctcctor is to indic:~tc 
t o  tl~c: obsc>rver the na!llre of the induced 
current, or if there be a feeblc oscillating 
currcnt sct up in the wire, or if an oscilla- 
tion of potential is sct up across any 
a-:tpacity in it. 

1l;lny ~1:~vices have been invr.ntet1 to do 
this. Those ~nostly cmploycd in wireless 
worlc art: t!lc numcrous for~ns  of rhe 
crystal tletc,ctor, antl the, thermionic 
val\,c. T l ~ c i ~  and other dctectors ;ire 
tlcalt with ; ~ t  lcngth 11nrlcr t l~c~ir  respective 
I1r:arliilgs in this Encg-clopc(!ia. 

Simplest Form of Detector 

Thc t,nrlic,~t forn: of tlctcc~or is tllat 
which is kno\vn as tPic sparl; dctcctor, 
\vhich, in onc form, con~prisrs t ~ v o  adjust- 
able mctal rods having short arms or 
c.r;~nks a t  their adjacent e~lds.  These 
arms arc provided \\,it11 small spark l~alls,, 
;~nt l  whrn thc two rods arc in !i~le, antl 
properly a(ljustcd, a minute elcctric sp;irk 
will :~ppcnr between the ttvo 1)alls. :Ill- 

0thc.r class of  detectors cornpriscs the 20- 
!~crcrs or contact drtrclors, wlii(.h flmction 
by virtuc of tllc c11;~ngc in thc contll~ctivitp 
of a 1r1atcri;ll when in a finel;: po\r-ilc~.cd 
form but loosciy cornl)rcssed or packed 
together. 

l'rofcssor Branly obscrved nncl noted tllc 
fact that  a discliargc of clcctricity in tlie 
fornl of a spark a t  some distance from 
a cohercr could affect the conductivity 
cf a loose niass of powderctl conduci- 
ing material :;uch as iron filings. As 
the conductivitji increases zucldenly and 
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DETECTOR 

sin~ultancou~ly with the clcctric spark dis- 
charge, it follo\vs that  if a simple circuit 
be arranged wit11 s o n ~ c  sucli instrument 
as a galvano~neter in it, the increase of 
conductivity will l ~ c  rcntlcrcd visible in 
the form of a deflection of the needle of 
tfic: galvanornctcr. When tlie coherer is 
su?tab!y dm-ised ancl incorporated into 
a circuit, it can 1)c ;~rrangcd to opcratc a 
sensitive relas whicll can be made to 
clc~sc ;L circuit through any form of a8 
rec:ording telegraphic instrument, such as 
a Morse inkt~r. :I tclcphonc receiver can 
be incorporzitctl into n suitable circuit, 
and when the high-frc:quency waves 

ilrr 
strilie the ac,rial a click is heard in thc 
telephones, ~,ncl messages can be read by 
tht: 3lori;c or other sinlilar code. 

How hlagnetic Detectors Function 

Magnetic detectors are somewhat 
dii'fcrent, as they function by virtuc of 
the fact that  one of thc effects of a n  
oscillatory discharge is to nlagnetize a piece 
of metal. I n  a Marcoui system an iron 
wire is ;.)lacec! in a n~ncnetic field of varying 
i ~ i t c n ~ i t y .  7'his iron wire corc is sur- 
roilnded by a coil of insulated wire, anrl 
xvl~cn an osc:llating cilrrnlt passes arouncl 
thl: coil i t  changes the magnetization of 
th,: iron core. T!lr, coil of wire i.; bur- 
ro~lndcrl hy  a sccoiitl wincling inculatecl 
from tl11. firit, and this is connected into 
the telephone circuit, \vitl~ the result tha t  
when the primary c~oil is trnversecl by an 
os~:illating- tllcctric clirrrnt the magnetiza- 
ticin of the iro11 wires changes a i d  a 
clicli is heart1 in the tc~lephone. 

.\ hc~rieshoe type of permanent magnet 
is arranged ~vi th its polcs near to the ends 
of the corc, and this rrlagnrt is rotatcd by 
clc~kwork niechanism. \Vlien trains of 
osc:i!lations are sent for vtlrying tiines 
through the roil the c-liclcs in the telcj.hones 
mc3rgr: into one another, and a 1ilore or 
l ~ s s  continuolls sound is the result. By 
n1;lking the oscillations of !ong or short 
duration, corrcspon(!ing sounds are hcal-cl 
in the telep!?oncs, and nlcssages can bc 
d c t c ~ t p d  and reacl 011 the hlorse system. 

Elcctrolyt~c detec tors dcpmcl for t i  J action on the fact t11at tlie passage of an 
oscillating cllrrcnt through nn electrolyte 
alters the conductivity, and signals can 
be read through the agcncy of a suit- 
able circuit and telephone tvhen encr- 
gized by an i ndependcnt and unidirectional 
clcctric current which passes through the 
electrolyte. 
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Thrrmal or thcrnio-electric d(3tectors 
act on the propcrty posscsed by high- 
frccl~~t~ncy oscillations of raising the tcm- 
!ic3ratv.re of ;r very fine wire resistance 
trond~~ctor, the prcsc,ncc of thc waTrct I3ring 
dc~trctcd by th r  Itc'at gcner;itrcl. This class 
of clctoctor docs not give such sc,nsitive 
rcwdts as th r  colicrer or niasnrtic t iye .  

Tllc foregoing ;irct, practically sj~t.ak;ng, 
notic~t.nCle lor the fact that they lravc: no 
c.ff~,ct or1 thc currcnt rccrivc~cl or ditectcc!, 
1111t in thc case of thi: niineral tl(.tcctc>rs, 
rrlorc fanliliarly krlo\vn as cr!-stal detectors, 
;~iiothcr l)ro13crt!~ I~cconics apparcrlt, and 
that is ihcx po\\.er thc.~. posqc~s uf rectifying 
thcl cnrrrnt tl~:!t pas.;cs througl~ tliclm. 
l'his is n mattc.r ~f thc grc,atcst importallcc: 
to the  \virclc+i c ~ p c ~ i n ~ r n t c ~ ,  as it then 
!ic.co~nc:s p s ~ i l > l c  to dctcct thc higli- 
Ir(~cl~~( 'nry curr~r l t s  and to so affcct thcni 
fI1:1: tlic anilio \l7avt.? that are irnl~rcssed 
011 thc. tr;~nsmittc,il I-I.F. curl-cnts can be 
<l~~tcctcrl ant1 ~>nssc%tL to the tcl(,r>llones 
:~ncl'thcrc~ heard :xs s ~ ~ c c ~ l ~  or  music. 

'Illis is c x ~ ~ l a i n t ~ l  l ~ y  one theory 011 

the basis that tllc jrlnction of t\vo 
ili..;irr~ilar co i i t l~~c to r~ ,  when the (:ontad. 
;nea is sn-1~111, llns a unilatcr:~l conrluc- 
tivit.\; for electririty. ('on~eqlii.11 t l v ,  th:, 
liigh-freclr~cv~cy currc3nts c:i~l l)a>'-~ mc>rc 
rcatlily in onr tlircction thwi the, o t l~cr  
~ h r o u ~ h  tlrtx junction, and the cusrent is 
i hereby rc'c,tilicd. 'I'liis i ~ l ~ p a r t a n t  1nattc.r 
i i  dcnlt with in t llc :~rticlc on Crystr! l (r;t.:<.j. 

'I'he tllc>r~nionic: valve in one of it5 m:il!y 
iorrnc is prol~nlily tlic grtr;itcxst ac!val~ci. 
in  the scicntx. ( i f  wirrless tc lcpho~~\ :  
tclcgr;\]~l~!~ that lln5 yct. l > c c ~ ~  m;rrle, a 
 lot only (100s ? i i i >  va!vc, c1ctc.c-t th:, 17ri.s- 
cTncc of hich-frc~c~nc~lir! currmts c t  c.11 c- 
tricity, 1n:t it n l ~ o  rcctific.; and :~rr~pli?ics 
Illcm. ' f l~~~rc .  arc rn:lny mc ire iml)or! ant  
;1nd illtcrcsting f(>2ti~r~"i  C O I I ~ C C ~ ( ' I I  ~ i l h  
the tlll.rrtlionic valvc, a!l o f  wliich are 
tlralt \\.ith in 11\c. articlc on Val1.c.. 

7'hc dote-ctor in :illy form is*one of the 
most impcirtant items i l l  tllc rc~c:c'i\,ing 
+c.t, and t l p n  it: accuracy a~i t l  pcrtcction 
of dcysi;;n, ;IS \vc.11 as or1 its operation, 
will tlcj~c11cl to n larpc extent the saccc:ss 
of the ~vliole instrurncnt, crpccially for the 
rcccption of wirclcss l~roadcasting of 
concerts and spccc11.-E. 1'1.'. HobOs. 

Scr (~'rystal ; C,rystal Detector ; Detector 
l'aricl ; l'leming Vn!vc ; Vnlvc. 

Detector for Small Currents. A form 
of detector used as a measuring instru- 
~ n c n t  is known as the G.P.O. detector, 
a tcrm that is applied to a ccrtain 

G.P.O. DETECTOR 
Fig. I .  'This i c s t n ~ ~ n e n t  is put to many appiicu- 
liotls. 'L'he G.I1.0.  tlctector, o f  which t h e  external 
npl)enratlcc i:; S~IOTT-II nhove, is used frequentl>- for 

~r , i re ler  apj1;lratns tcsting 
CO-;? .~ ,~ ) .  <; .11er~z1 L l e c t ~ ~ c  Co., Lid. 

instrur~lcnt in uni~.ersal use for tlic 
incasu~.c~nent riiid t1ctcc:tion of sii~all 
c,lectricnl currents and I)]-cssures. An 
c,xtc.r~l;il front view oi the in;trunient is 
shown in Fig. I ,  irom m-liicl~ it will he 
scvn t !u t  tlrc 1.1ett:r is scaled for Sour 
sar~ge.;, t\vo 11cing in 1-olts two in 
inillinn~pc,rc.;. 'l'I!c. arl-angcment of tlic 
tcrn1i11.11~ on tlic tol) of the instru~ricnt is 
sho~vrl clearly in the illuatl.atio11 Fig. 2, 
~ r l ~ i c l i  tl'picts *.he tenllinals ancl the 
connexions l ?e tw~~cn  the111 as rcquil.ed to 
give the jncli\.idual ranges. 

Fig. 2. Tcrnlinals ?11d connrsions are shotvn 
in th i s  photogi-aph of tlie instrunlent seen i n  
Fig. I .  Rnngrs anc! puriloses arc clcnrly marked 

Col~ul fs . i  Ge~icrol  Electric Co.. L f d .  



Tlic instrunlent consists of a inoving coil 
type of movement, fully dead beat and 
\+,it11 spring control. .A Itnife-etlged 
pointer, allowing of extreme accuracv of 
reading and an external zero adjustment, 
are also provided. .Contained within tlic 
case, which is made of cast aluminium, 
are the resistances anti shunts for the 
various volt and inillianipc,re readings 
respectively. 

I t  is probable that  no other one measur- 
ing instru~nerit is of more use to the 
wireless exl~erimenter than this. 

The voltage readings are scaled from o 
to 5 and froill o to 50. Thus it is adaptal~lc 
for both low-tension and high-tension 
readings or valve-pressure mc.as~ircinc~nts. 
The scale is evenly tlivitletl, and this 
provides uniform accuracy o\-cr the whole 
range. The inilliainperes range froin o to 
jo  and to  joo. 

These ranges mill be found useful in 
ascertaining the current con~uinption in . . the anode circuit of valves. I he dctector 
will function \vcll as a modulation i n e t c ~  on 
rcasoiiably near-by ancl powt.1-lul st~ttions. 
.-Is tlie instrunlent is ot the moving coil 

type it is unsuited to  the measurement of 
alternating cui-rcnts or pressures. 

4pa r t  from the uses of this instrument for 
purcly wirc:lcss xvork, it has many uses 
in the field of ordinary telegraphy and 
telepiiony ; and anlongst other applica- 
tions that  will havc to be dealt with by the 
experii~~enter arc such things as tcsting the 
1r:akage of current fro111 lines to earth and 
between telegraph conductors. The meas- 
urement of the actual current taken by , 

telegraph and telephone instruments call 
also be ascertained. 

When used in conjnnction wit11 an  
energizing source of electricity, the resist- 
ance of coils and transiormer windings, 
and the likc, inay Ije found without any 
dificult y. 

DETECTORITE. .4 riame given to a 
pi-oprietary crystal sold by the Grafton 
Electric Ccf. I t  is claimed to  give very 
good results, and does not require the 
lloosting effects of a local battery. I n  
appcar:rncc it is not unlike hertzite or 
silicon. I t  is used to best advantage with 
a cat's-whiskcr of gold, phosphor-bronze, 
01- sil\.er. 

DETECTOR PANELS, THEIR USE & CONSTRUCTION 
How to Make Simple Valve Detectors Capable of Numerous Uses 

This section, which is illustrated with a special three-fold plate in photogravure, 
describes a form of receiving unit of considerable flexibility and with great possibilities 
for amateur and experimenter. See also Detector Unit, and such articles as 

Amplifier ; Condenser Unit; Tuning Vnit, etc. 

il detector panel is the nanie given to a 
unit comprising cither a valve or cr!.stal 
detcctor or otlier rectifj-ing device, together 
with terminals lor connexions, and,  in the 
(:ase of a valve panel, t11c necessary 
lilamcnt resistance and control switch. 
I n  the case of a valve detector, such a 
panel has many uses. I t  m ~ ~ y  form the 
basis of the expcriinenter's 1-cceiving set. 
He  \vould generally use it with a condenser 
unit (q.v.) and a t i~ne r  unit (r/.v.), togctller 
~v i th  the necessary 1x~tterit:s and tele- 
~ ~ l ~ o n c s ,  when it ~vould becoinc a coml)lcte 
1-ccei\-ing set. For experinlental purposes 
;I sell-tuiied detector panel is very cori- 
\.cnient, as by its aitl many cii-cuits can be 
cl~iic.l<ly wircd u p  and tried out. 
11 typical exmnple is illustrated in 

l i g .  I, which shows adetector panel as sup- 
plied by tlie Econoinic Electric. Co. This is 
conveniently mounted in n polished hard- 
wood case, the top of v.liicli 15 covered by 
ineans of a stout cbonitt: p l a ~  t: screwed to 
tlic sides. .It onc end oi the panel is 

i ~ ~ o u n t e d  tlie \.alvt: lioldcr, and opposite it 
a knoh which controls the filaineiit 
resistance. This is locatcd bcncztli the 
panel, and the necessary connexions from 
it to the valve holder, and also those for 
the grid leak and condenser, are similarly 
made beneath the panel, brouglit out to 
terminals attached to it and arranged on 
cither sick Tlie two on the lront part 
on t11e siclt; of tht: rheostat knob are for 
conncsion to tern~iiials, and others arc 
ior the grid and anode connexions for the 
high-tension ancl low-tension batteries, all 
cjf nrhich are carried out in the  usual way. 

Another detcctor p ~ ~ n e i  is illustrated in 
I'igs. 2 and 4, the iormer showing the 
cxtern:tl a;,pearance of the panel, and 

1 

1;ig. 4 slio\iiilg the internal arrangement of 
the 1)ac~k oi p:rnel wiring. Fig. 1; stlows a 
standard tlleorctical circuit diagrain for a 1 

1,alve detector panel. In all cases, the 
  no st uset'u: arrangeincnt comprises a type 
of filainent resistance which may be 
>cre\ve(l t c  tlie underside of the panel, 
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SINGLE-VALVE DETECTOR PANEL FOR THE EXPERIMENTER 

while the knob and pointcr al-e located on 
the outside of the panel. Thc fixed 
condenser and grid leak are screwed to the 
underside of the panel and connexions 
made to them by soldcring. 

The valve holder can be of thc flange 
typc or flush type, as desired, or separate 
valve sockets can be used and secnred to 

the panel by nlc ans of nuts on the under- 
side. The connexions are best madc by 
means of KO. IS gauge tinned copper wire, 
and ]nay be covered with systoflex or 
rubber tubing. All connexions are made 
by soldering. 

In cases whcrc it is intended to use 
the panel ior experimental purposes, ~t 
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is convenient to duplicate some of the picture frame, as shown in Fig. 9. This 
terminals for tlie high- and low-tension frame call be made from hardwood b ~ .  
l~attery connesions, as often tllis obviates tl~rning up a sufficient length about I in. 
the ~ieccssity of running connecting \r.ires in depth and 2 in. in width. LZ rebate 
across the panel. This arr:tnge~nenl is sllould be ~vc3rked on one edge. The franlc 
sho~vn incol-porated in the example illus- is made bj. mitreing the corners in the 
trated in Figs. 2 ancl 4. usual uray and gluing and scre~ving them 

Tlie only cliffcrcnce in the wiring is that tclgethcr. Tlle ebonite pallel is cut so 
instead of connecting to one point of the that it will dl-op 

into the rebate, 
and is held there 
11y means of Iour 
s 1x1 a 11 counter- 
sunk brass screws. 

single tcrnlinal, as, lor cxaml,le, that of 
ji,D 

the high-tension plus, the two high- I kl,; 
tcnsion plus terminals are connected to t-l%!fl , - - ,  /+/:i 
each otllei- by nleans of a springy piec,: of 
wire, and are then considered as one ,~ 

' " - . / b~ 
- ' 

$$ , ..-., 
tcrminal so far as gencral circuit arrange- , 
~ncnts  are concerned. 7 / 7  

IVhtii the connexions are soldered to I t l ~ c  underside of the screwed shank on the , 
tcrminals of tile telephone typ<;, it is 
ilnport:ult to note that the holes ~n tlleill 
are opening straight toward. the sides 
ol' t l ~ c  pane!, ant1 that this tern~ii~als 
the~nselvcs ar-e very securely Ioclied by ., 

means of otller nuts to the cbonite pa~:el. + - 4 + ~ i -  - -  without difficulty. 
;\iter the connc~xions liave hccn sc~ltlel-ed, SIZES FOR DETECTOR The holes for 
the nuts sl~ould be again gone. 01-er. ;lnd PANEL the different ter- 
tlrcy will probably require slight additional i .  5 .  Although these ~ninals and for 
tightening, as the heat fro111 tile soldering di:netl~ions be var i~( l  ;~tlachn~cllt  01 
will cause the cbonite to shyitit slightly. ~ j 3 L ~ ~ b i : ~ : $ ~ F r ~ , " f ~  the valve lioldc~ If the terminals are not tiglit there is ir: most caGcs and rheostat are 
grave risk of their being :~ccitlcnt;tlly then drilled and 
twisted from the outside, and theIraby tapped as :iccessasy, the various parts 
breaking one of the conncsicl~ls, thc set assrnll)lcd and wired up as shown in the 
then ceasing to function. .\ convcniellt wiring diagram, Fig. 6. The various conl- 
size for such a panel would rneasure pclnents arc the11 assembled in thcir places, 
7 in. long and 5 in. wide, 1%-llile the caw as in Pig. 10, anil all connexions lnade by 
may have a deptll of 2 in. to 3 in. nic.ans of tinned copper wire, soldering to 

;Inother type of panel that is particularly the undersirie of t l ~ e  terminals, as in 
useful for the csperi~nenter is illustrated Fig. 11 on tlle plate facing pagc 670. 
in Fig. 8 on the plate facing pagc 670. In 
tllis case tllc whole of the ap1)liances are 
arranged on the exterior of tl~r: panel, ancl 
only a inininiuin rluinber of terminals are A 
provitled. :\ special feature is the usc c ~ f  a 
Filtron 1-arial~lt: grid leak and a variable 
condenser. This 1s used in place oi the 
ordinary pattern of fixed contlcnser and 
fixed value grid leak, as it e11al)les the bcst 
~~ossiiblc reception to be ol)taiiicd, because, 
by varying the value of the resistances of 
t llc grid leak, and also by varyin;. tile \ d u e  
u l  the condenser, it is possii,l~: to o l ~ t ~ i n  
tile loudest signals and also the l~urest 
reproduction of broadcast con,.ertj. 

The panel is inade fronl ;I sl1ec.t of ebonitc E O 
allout i ill. tllicli, and all (.onncsic)lls DETECTOR PANEL WITH FlLTRON GRID LEAK 
are lnatle on the of it T~ raise Fig. 6. \T.iring iri th iscaw is car:ied o:~t wit11 lhc. 

colnpoIients ;ti ranged accol.djr~g to  the provisioil it off tlie table i t  can be 11lollntcd in a made o,, tile ,jig 5, and  a. ~ i l t ~ ~ ~ ~  var-,at,ic. 
n~oulded fr:~mework sonlething like a grid lrak is cmplo!-eil 

, I I The sizes may 
d: \~ 7 - v  

, '-., 

3y2in 
4 ;n 

I 

' , ,  ,:, -5 , 

Iw. varied to suit 
a n y particular 
apparatus, b u t 
those given in 
Fig. 5 are con- 

! f , : venient and will 
% , -  

1 /%;,-I ' enable tllc panel 3 

- J -j lo  be marl<ed out 



I n  cases where i t  is desired to use re- 
action in the anode circuit of ariy of the 
Soregoing, two ailditional tctrrnin;ils should 
11e provided and the wiring n ~ ~ ~ d i f i e d  in 
accordance with Fig. 7. \\'hen reaction 
is not rccluiretl thc two reaction terlninali 
should bc short-rircuitcd hy means of ;L 

I short brass contact bar. 
Single-Valve Detector Panel : How to 

(0 Make. tlcscrihecl The is the valve most detcctor simplc way p a n ~ * l  in to wliicl~ ht: 
a valve may bv used for general rtceptivn. 
The pancl and fittings ma>. 11t: 111ade LIFI 

%& in a few 11ou1-s, and when finished will 
Ije o f  c-onsitlerahlc assistance to  thc 
cxpcrimcntally inclined 111 givini; a good 
idea of the use of a valvc as ;t detcrtol 
ancl, with pcrh:tps snlnc n l t c ra t i c~~~  to thc 
wiring l)clo\r-, it will Ijc inva l~ ia l~ l (~  in 
testirig out many circuits and comhina- 

I tions which arc alreacly available and ~vhic-h 
will no dou11t in the ncnr luturc be 
greatly cxtcnr1c:d. 

Various units of this kind arc t1l:scribcd 
throughout this Encyclol~edia, ;md the 
c~xpcrimcntrr n.llo has constructctl on(: 01- 

two ot thcm \rill find it rasy to lest out 
ilc\V circuit idfxas. . 

For thc rccrption of general amatcur 
tclcpl~ony, ship, aircraft, time sigri;ils, ant1 
the I-csst, rt>action terminals are psovitlctl, 
thus al lo~vi~ig vcry much grvatcr volun~e 
ant1 range to l!c obtained, but thc 5e tcr- 
minals shotil(l 11c sl~ortctl wit11 a llit:cc. oi  
wire when rcarcsiving Britisli lxoailL.asting, 
as the use ol reaction upoil tlicy ;ic~-ial cir- 
cuit [luring 111-o;~dcastirig 1lou1-5 15 lilicl. 
to crtl~sc. disturl~uncc to rtcighboltrs n~lirj 
may i)c lihtcning in, by i~rerpcricncctl 
adjustment of the reaction roil. 

\vith regard to the rt~slilt-; olltai111,d fronl 
; I  singlv v:ilvc 11scd witllout rcacticlll, there 
i5 not ~iiuch iniprove~ncnt it1 signal st rc.ngtli 
over a p,oocl crystal rcccivc.r, I?ut ont is 
saved tlrr I~otller of setting thc crj-ital 
upon its most sc~isitivc point, an11 a tic,- 
tector val7.e sct only needs coniiectilrg 
L I ~  ~ r i t l i  thc l~attcrics, and tlit* f~iaril~mt 
currcnt atljustccl, wlicn rccq)tion i!- nilto- 
mntic. Fro111 the pllotogral~h ol tljc iront 
vicw o f  the patiel, Fig. 12 on tll! pli~te, 
which is 44 in. by 6 in., it will 1)e noit~d that  
four terminals are spacetl upon cithl-.r side, 
\vliilst a t  the Imttom two terminals are 
provided for telephones. The filamcnt 
resistance knob is on the centre line 2 6  in. 
from the hottom,whilst near the top edge the 
valve sockets or valve holder arc mounted, 
thc latter being the simplest method. 
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WIRING DIAGRAM OF DETECTOR PANEL 
'ig. .;. Whcri a detector panel is required to 11e 
used ~ I I  a circuii wit11 reaction in thc anode 
cil-cuit, wiring m a y  bc motlifietl as here i~ldicaled 

Tlw containing case is 2 i  in. deep, ant1 - 
of su8icicnt size to allow thc panel being 
1-ereshed flush with tlic top. I t  is a good 
plan a t  tht, outset to cut out the panel ant1 
makc tlic containing box, litting supports 
a t  all four corners to prevent the 1)anel 
going too J'ar :nto thc box. It will he 
iound a very con~enient  support for tile 
panel in drilling and wiring up, the pane! 
being easily rcl\7erscd \rithout doing any 
liar111 to anpthillg littetl on either side. 

Thc* filanlcnt resistance 11iily cither bc 
made or purc11:isetl. If niacle, a piece of 
-$ in. ;-ply, -1 in. in diameter should be cut, 
thcn i t  piece of wood $ in. thjck by 2 3 in. 
ill di:tinetths shl~ultl b(' pr-epared wit11 a 
sligllt undercut to  one side. These t ~ v o  
picccs sho~lltl be gluecl and pinned concctl- 
tricnily, \rhen the unclerc,utting of tlic 
t1licl;er naod a ~ i d  the larger dian1etc.r of 
the 2-plj. will form a good seating for the 
resistance nire. X piece of Xo. 2 13.:\. 
rod .+l~oultl now be cut 14 in. long, and 
sl io~~lt l  11e ]>rovitlcil wit11 a liut a t  onc crrcl. 
L'ndcr tliih nut is fittecl a piece of t l i i~i ,  
springy brass 2 in. long 11y 4 in. wide, 
.jlightly tapci-ing which sllould be sold(,red 
with the nut to the rod. ;I sltort piece 
of 1)r;iss tube should now l ~ e  ohtainccl 
of sufficient di;irnctc:r to fit over the 
S o .  2 B..L rod. This will need to  be 
2 in. long. 

The othcr brass strip sho~ild now be 
prepared 3 in. wide and 2 in. long. This 
should be drilled a t  one end to  acco~nrnodate 
the small tube wllich fornis the bush. This 
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sl~ould 1:c soldclred into position flush u l~on  
t l ~ c  outsidc. I t  will be noticc:d that  this 
strip is fixed to the rcsistance forn~er, 
whilst thc tube passes throliph the sanlc 
and projects about 4 in. upon the front 
side. A spring u,ashcr Corms the metallic 
connexion between tlie moving kind station- 
ary arm, one conncxion being svltleretl t o  
thc: latter. ?. 

1 hc iilamcnt resistance wircb, which can 
IT purchnscd already wound, should 11e 
placed in position, the pointctl end b h g  
lvithout a conncxioll and on the left, as 
sllown in tlie photograpll, Fig. 13, of the 
back of t l ~ c  panel ; whilst tlic other end 
is soldered to the other iilamc-.nt lead. A 
small brass angle piece is necc,-.sary to act 
as a stop whcn the resistance \?.ire is all cut 
out. Care should be taken that  110 short- 
circuit is likcly to occur l:ct\t-ccn the fixed 
arm and eithcr end of tlle reiistancc. 

How the Grid Condenser i s  Made 

The slot in the fixcd arm allows the 
inoving am1 to pass right o f  the wire, 
thus acting as a scvitch. I t  is essential, in 
m;tking a resistance in this ~nailner,  to 
ensure that  the contact lretwcen the 
scsistancc \sire and nloviiig arm is on the 
top side and not upon the edge. I t  does 
not thcn 111atter if the circle is not quite 
accurately cut. ii locking nut antl washer 
is fitted bclow the linob upon the  front 
of t l ~ c  panel. I t  now only remains to 
prepare the grid condensclr and grit1 leak 
:rntl wire up, when tlie lxr~icl will be 
co111plcted. 

Tlie grid condenser nlay 1:r made \\.it11 
live tlii11 mica sheets, r in. 11v I in., and 
four tiri or copper foils 24 in. by in. 
Commence by fastening one foii \vith 
shellac varnish to a mica sheet with an even 
margin of mica on three sides and an 
o\~crlap, say on the  riglit ; tlien ;I second 
sheet of ~rlica, then a n o t h c ~  f11il with 
overlap on the left ; another iiiica, Illen 
another foil exactly over t h ~  first ; the 
fourth mica, the fourth foil as tlic second 
foil ; and, linally, the top mic.;~. I f  this is: 
placed uncler a slightly \v\;arm flat iron for 
;i few hours, tlic s11c:llac will l!e iountL to 
have set iirmly. 

Tllc foils projecting a t  citlicr end 
xl~ould Ijc bent flat ;lgainst the outside 
mica. rZ piece of tlrin, plai11 poatca1-d is 
sllcllackcd and cut to  the 1c:ngtli of the 
condenser, and nl;out in. \vide. I-pon 
this is drn\vn a thiu line witlr a soft lead 
pencil, making a good pencil circle about 

Q in. diamcter a t  either end. This is 
cla111ped to the  condenser by wrapping two 
small pieces of thin brass or copper foil 
oT.er each end, to which the leads may be 
soldered. The pencil line is afterwards 
adjusted in width when the set is in use, 
to give the resistance rcaquired. 

The wiring niay msily be follon-ed fro111 
Flg. 13, the grid valvc 1:eing nearest the 
grid terminal. I t  11o1v only reniailis to 
c.o~isidcr solne of the circuits which nlay C 
1:~: tried with this set, and to indicate the 
~ n o d c  of operation. Any type of tuning 
u ~ l i t  may be used, ant1 a single-slide coil * -  ". 
will l;t= cluitc: satisfactory. 

Baslcct cc~ils are as good as any, being 
clicap, easyv. to mount, and efficient. 
Fig. 14 on tlie plate facing this page shows 
tlic 13;rsket coils wired up  for varioineter 
tuning. Tllese coils are pal-titularly satis- 
factory, used in this manner, and have the 
a~lditional z~dvantage that  no condenser is 
ribquired. Note the two reaction tel-minals 
arc bridged and the two centre terrlli~lals 
ot the  tuning stand are also bridged, which 
rc,sults in the iinpulscs froill the aerial 
passing first through the left-hand coil and 
then t l ~ r o u ~ h  the right-hand coil, very 
fine tuning k i n g  obtained by adjusting 
the separation of tlie two coils. 

Testins Out the Set 

The batteries, telephones, etc., are not 
shown in tlie photog-rapll, for the sake of 
clearlless ; hut the); nlay now be connected 
up. the sc,t tried, and the grid leak 
adjusted. If the grid leak and condenser 
are fitted wit11 long leads tcn~porarily, so 
that they may b(: outside the case, so 
niuch the better. I t  will probably be 
found that  jignals are weak, especiaily if 
t iie valve bc a hard one, when a little 
iiiore lead should be rubbed upon the 
pci~cil line. I t   ill 11e found that  there is 
a poirlt where best signals are obtained, 
12.hcn tlie paper ]nay be $1-en a light coat 
of shellac \,arnisli, the lcads shortened to 
a convenient Iengtll, and the grid leak 
and condcnscr sto~vc.d a\vag- in its proper 
position. 

111 Inany cases a large capacity fixed 
condenser :nay bc usc:d across. the high- 
tcnsion batl-ery with advantage. This may 
1:'e tricti, if desired, by connecting one lead 
of a fixed <:ondenser to each ol tlie high- 
tension battery teril~inals, in addition to 
the high-te~~sion battery itself. 

The lligll-tension battery should not be 
less than, say, thirty to sixty volts. 
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Pocket flash-lar~lp batteries connected in 
series Inay be used, and they have the 
advantage that  a used cell may bc removed 
easily. They should each be separated 11y 
a piece of stout cardboard, .soak(:tl in hot 
paraffin n7a?i. One lead may be 11rolrided 
wit11 a common slip-on paper.-fastener, 
which may be easily pushed on tlx: 11attcry 
strips at  any position, thus 5iving a . 
means of adjusting.the higll-tension sul~ply. 

(. The correct alllount for t l ~ c  particular \-alvi 
will soon be foulid. ?'lie low-tension nccu- 
mulator slioulcl be cithcr a four 01. six volt. 

.rC, Fig. I j  sl~on-s the set nired up as a 
loose couplcr. 111 this case, two varial~lc 
condensers al-c required, onc for tuning thc 
acri:ll coil cith(3r in series lor short \v;ivcs. 
i . t , .  tlic aerial wire to o ~ i c  sitl(s ol thc. 
coutlenscr, other sitlc ol condvnser t o  
coil ant1 othtxr side ot coil to c:;lrttl; or i11 
par;~llel, i.c. one hide of coriiicmsrr to 
;lei-i:il terminal and the other to the cart11 
tornlin;ll, as show11 in thc pl~otograj~li 
Thc contlenscr may have a cap;~city lip to 
say, ,001 11il'tl. Tllc c o ~ l d e ~ ~ s e r  upon thc: 
sccontlary sidc is usually collntrctcd in 
l>ar;illcl, ;~nt l  may have a capacity oi 
.ooo,j mftl. 'Pllis arrangemc,~lt gives 
grc;~tcr sclcclivity ant1 gc,ner;~lly bcttci. 
results t l la :~  ;I single coil. .\ itandart1 
])attc>rn loose-i:c~ul)letl lunc.1- maj' be con- 
ncc:tcil in tlie silnc way. 

Fig. 16 sllo\i,s tlic set wirctl up fo:- 
reactio11. Tliis can I)(: trictl upun 
ship signals, ~vllich Inay i)c found 
in a1)untlnni.c~ on Ooo nlctrcs :it 

any tinlc ( ~ i  tile (lay, or on the 
l'irris tinic signals, .r,Ooo ~ilctrcs, 
a t  lu.44 : ~ r l c l  22.44 G.11.T. .4nd 
on ;i gootl acrid so111c of tllc con- 
tinental tcl(,pllony slioulcl come 
in ' I .  I f  I-c;lction tlocs not re- 
sult on coupling the coils, I-cvcrse 
the leads of t11c reaction coil. 

I t  will t11us seen that a 
sinlplc 1-alvc j~anel uscd purely 
as a tletcctor unit has many 
usc3s. Intleed, its ~~ossil~il i t ics 
arc only just outlined at~ovc. 
I t  is readily adapta1)lc to most 
circuits involving a single valve, 
and also a single valve ancl 
crystal; as well as dual ampli- 
lication of the type in wllich a 
tuned anode coil and low- 

The thl-ee-valx-c detector panel shown 
in Fig. 17 is as supplie(1 to the Berengaria. 
I t  comprises one detector v;llve and txvo 
low-frequency arnpljlicrs, whilst a con- 
venient plug-in arrangen~ellt allo\vs of a 
change ox7cr t o  crystal reception, slioulcl 
the valves fail for any rcason. Valves 
and telepliones are plugged in as required 
into convenient sockets, and the valves 
controllccl by rheostats, tlie handles of 
wllicl~ are ser.11 hclo\v the inter-valve 
s\nritc.li handle. 411 eillcrgcrlcy crystal 
dctcctor is also provided and put into 
circuit wlien i1t:cessary. 
DETECTOR UNIT. Figs. 1-10 sllo\v 

tht: clctector unit of the series of units 
supplit,d 11y th,, Peto-Scott C'o. This is a 
valvc detcctor  ini it, ant1 should not he con- 
fused wit11 the crystal clctcctor unit \vhich 
is a part ot' ill(,  series. Eitlrcr one or the 
other is uscd, Out they cannot be usctl to- 
gctllc~. The valve detector usually gives 
1outlt.r signals and has a longer range than 
the crystal, but its cost and upkeep arc l-ery 
mucli greater, for there arc, of course, the 
high- a11d low-t L%~is io~l  l)atttri<,s which lirive 
to be recllargt d or r c~~cwc( l  a t  regular 
intervals. Thr v:xlve itsc,li, too, dcterio- 
ratcs in the co~l~-sc of i i~ne .  

Tile valve detector consists essentially 
of a thcrmionic valve, to the grid of which 
is attached a ;mall co~idcsnher, usually of 
.ooo:; mfd. capacity, ancl a grid leak. 

.c frequency transforn~er are used, THREE-VALVE DETECTOR PANEL FOR SHIPS 
slight to the \viring Fig. 17. Two low-frequency 1 alves are addctl to the detector 

lIelow being perhaps valve in the panel shown abc~ve. This apparatus is used on 
board the 13eretlgzria ~cnd other sea.going ships 

necessary. C.?ur!esy .Sicr~srzr Bras. Q CO., ~ t d .  



Fig. I .  I>aitl o1:t with the tliagrarrls are a c < ~ n ~ p l e t e  set of parts i<,r coilstructiiig a Pcto-Scott valve 
detector unit. This forn~s  part of the  unit systenl dcscribetl in this Encyclopedia 

1:ig. 2 .  (lontz~ct arm arid rheostat Fig. 3 .  L\'il-ing is .;how11 ill tl:i, view of the undcrsidc of the panel. 
i pointer. must be adjusted together Xote relative ~ ~ o s i t i o i ~ s  of grid leak condenser and 1-heostat 
I 

-- 

I;ix. 4. C o ~ ~ t a c t  ol t l ~ c  grit1 lc-alr -Ilc!iiltl I)r iloted Fig. j .  Conplctc detector illlit c ~ i ~ ~ t r u c t c d  
ill this i!li~stration. Thc,e~ltl of t l ~ c  conc!ei~s,.~- is fro111 the palt.; show11 in Itig. I .  This is a i I I C J ~  ~ o r i n c c t ~ d  to the brackct c . i  tlir, grid leak, Peto-Scott apparatus 

but to a brass strip 
1 

- - -. - -- I 

COMPONENTS A N D  ASSEMBLI O F  A DETECTOR UNIT 
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TIN: former is wired to  tlic aerial 
and the latter either shunted across the 
grid condellser or tllc free c~lcl co~lnected 
to c:lrtli via the high-tension negative. 
.\ variable resistance controls t11c lolv- 
tension current for lighting the fil;!rnent of 
tlrc v;ll\.c. Tlrc anodc connect.; through 
thc, Iclcphones to high-tension positive. 

MTliei-c low-frequency ainl~lifica:io~~ fol- 
lows the tletertor-, tlie primary willding of 
tlic transfornicr take.; tlic place ot tlie tclc- 
 lionit its. I < c g a ~ e r a t i o ~ ~  is obtainell b]. i:1- 
c,lu(ling ;rri i~i~I~(:t ; ince in thc ailc!d(, circuit 
\vl~icll is varial~ly coupled to t!ie gricl 
rircuit. This effect i, usually I;~:onll as 
reaction, and wlicn not required a short 
strill is inserted I~ct\vcerl tllc tc.rnrinals 
normall! connecting tlic I-c;~ction coil, in 
urdcr to conipletc tllc c.irc.uit. 

Fig. I sl:o\vs tlie set of parts si~ppiietl, 
~vitli a copy of the \\:irinf tliagram. I i i  

nssc~lll>li~~g the pal-ts tlie filament Ilia?- first 
I:c att:lcli6tl to tllc 1):lnel by t ~ v o  j~.ouuter- 
iunl; screbL-s froill tlic top of tli:, pancl. 
This can 1)c tloiic: n-lit~i1 tltc coirtnt t arrn anti 
it.; loc1;ing nut Ira~.c 1:ecn rcn~cj\.crl. Fig. 2 

sklo\vs tlic rv ;~+x~~nl) ly  of t l ~ c  coilt;c~~t :rr111. PANEL TOP OF DETECTOR UNIT 
slli,ltllc., ;,tla,.lled, is Fi". ;, l l a~ l i i ng  i w ~ ~ t  0111y for  reference in 

co1l5tr ~ c l  i i :~ ! ,  bu t  tlie a c t~ : a l  parlo1 is engraved, 1 l r ~  I 1 r 1  a I s i n  ,,,. i,l,i ,,tio:l tak,s atLacllc,,, to sl,oM tl,C: Of 

?hc .-ariou> t,.rminnls 

\ \ ; i - i t c .~ .  slipped 01-er i t ,  tile contact arm 
is sc,icnctl on, and when -in a poit ion 
iiiaki~lg contact wit11 i i ~ c  rcsistarlcc spring, 
111c lock nut is tiglit1~- screwed up n-itli 
a pail of plieri, l'lle ~ ~ o i n t c r  is arranger1 
to c.c~nc over t.hr: cc)nluct arin so ah 
to intlicntc its p i ~ i t i l ~ n  relati\-e to the 
spring. 

Tlic. grid conclznser is socured by heading 
bac~l.; :lie foil uritler tlle ~ r i c l  lc;~!; 11rackc.t oil 
the I-ight-lland :,ide. Care nlust lx t;r!ien 
not to bcnd back the foil of tlie otlier sidt: 
of tlic contlenscr under tlie othcr grid leal; 
11r:ickct. I t  is 11c1lt Ix~cli and held in 
position by a short strip of brass. This 
operation is shown in Fig. 3. 

\ \Tlen inserting the grlcl leal; in its 
l>raclicts, it must 1)c made a tiglrt lit. If i t  
is not, belid the brackets a little closer. 
Ko difficulty should be foui~d in nlounting 
the 1)y-p;~ss cclndenser, the position o: 
which is just :tbovc the grid condenser. 
The valvc legs are inouilted by screws from 
undei neat h, after \vliicll the ternliilnls arc 

WIRING OF DETECTOR UNlT siniilrirly asscn.blec1. Tcrnlinnls rnarketl 
GI, A ,  and F, are of square pattern, the 

I.'&. 6. Wiring and connexions are ~ n a d e  in 
:iccordance with th i s  diagram, ,r.l,i,c.h rcpresellts centrc: one holding a brass strip capablc oi 

the back of the panel attachment either to terminal GI, or F-.',. 



DETECTOR U N l T  IN POSITION IN A RECEIVING SET 
Fig. 8 .  1 hrce units are connected u p  in th i5  sct. C)n thc left 1s a t u n i t i ~  unit wit11 plug-in movable 
coils, in tlie centre a condenscr unit, whilv thc tlct'xtur unit 1.as a valve mounted. Aerial and 

earttr conn(:xions arc il~dicatetl ' ) y  symbol.; m a l e  in wirr 

\Vl~en high-frequency amplification is 
used, tllc I)rass strip is joined to I;,, but 
uscd as a cletcctor alone or followed by low- 
1'rcquc~nc:y units, it is connected to GI. 
liul~ber-covered wire is supplied for con- 
nexiori to terminals. I t  is atlvisable, un- 
less the experiinenter is well accuston~ecl 
to working to m-iring diagrams, to make 
connesions first with a bare wire clamped 
under each terminal with the extra nut 
~x-ovided. Case should be taken to avoid 
any wires touching one another. 'The unit 
is tcstctl out lor correctness of wiring, after 
wliicli tlie 11are wire may be removed piece 
11y piece and replaced with the rubher- 
covcrccl r~irc~,  soldering all conr~exions. By 
tliis inctlrocl pcrfect connesiol~.~ are assured 

and no time is wasted in unsoldering. 
The wiring is shown in Fig. 3, and a wiring 
diagram of the back of the panel is illus- 
tsated in Fig. 6. 

Before screwing the panel down to the 
c;ise, the interior should 11e wiped out with 
a clean rag, removing all traces of soldering 
paste and foreign matter. I t  is remarkable 
how many home-made sets fail to work 
properly through neglecting this. The 
cornplcted unit is shown in Fig. 5. Only 
two strips are necessary to connect the 
detector unit to thc aerial tuning appa- 
ratus, whic,h, in tlle I'eto-Scott series, 
comprises the tuner, followed by a con- 
denser unit. These terminals are marked 
G and F in Fig. 7 of thc top of panel. 

I 

T H R E E . U N 1 T  S E T  W I T H  REACTION A D D E D  
Fig. 9. Addcd to  the three-umt set as  seen In Fig. 8 1s a t h ~ r d  plug ln coil, the reaction coil. 
Add~tlonal wlrlng between the tuning unlt and the detector unit provides the reaction in the  
anode c i rcu~t  The reaction coil 1s seen . ~ t  the rrar. No internal alteratiotls are necessary in 

atlding reaction 
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DETECTOR U N l T  COUPLED TO HIGH-FREQUEhCY U N l T  
Fig. lo. Two valves are n?\v includcil ill tllc set One is ~nountcd ril thc dc!cctor unit, ;init ;tic: 
ctlicr on n. l~igll-frequrncv unit ntldccl by  thc simple process of cc t~nec~inp ad!accnt termitlais. 
.\ tllner r~n i t  is set2n on the left, and thc next 11nit is a cu~ltlc~lser  unit. I n  front of the I~igll- 

frcquenry v:ilve is n pll~g-in tmns[$~rnlcr co~~p l ing  tht. high-frequ.:ncy ancl detect<,r units 

Fig, 8 illustrates this conll>inatit)n \r.itli Irom a ii~etallic liol(icr attached to 
batteries :und tclephoncs attached. In  this the 1111111, and filled in with an insulating 
set tlic reaction terminals ;Ire shorted. inaterial such as pitc11. I t  is becoming 
Fig. (1 shows the sanle conlbinaticln, but cominlm practice now to use an ebonite 
with the rcactioil coil in the anode circuit. holder drilletl to take the valvc: lcgs. T l~ i s  
T l ~ c  wires connecting it froni the tuner to is liept in position by 1)urring over tlic 

the tlctcctor unit are metallic cap. 
clcarlv seen a t  t l ~ e  back \I-itll the cuc:ption ot tlii: " Cossor " 
of thc set. and n few other rlistincti\-c t . p c i ,  tlrc grid 

I n  both Figs. I; and q consists of ;L spii-; 1 llletallic spring surrountl- 
tcrminn!~ i;, ancl' t\ ing tllz filaliient, l ' l~e  ;lrlotle, also know~i 
are con~~ectcd,  l ~ u t  in as t l ~ c  " plate," 1lsu:~lly ~ a k e s  the iorin of a 
Fig. 10, wlllch iric.orpor- thin sheet oi irir tal ljent round to for111 a 
atcs a high-frc.(lucilcv nearly cotnplete q,linclei., ancl so enclosing 
unit, the brass strip joins the grid. Thesc: parts are usually fixed 
I;, ant1 :2. r \ l t l i ~ ~ g l ~  by stiif wire, 1ctL into a projection of the 
reaction connexions : ~ r c  glass bulb on the inside. 
not shown in F i q .  10, it In some forii-.s of v;tlvr the straight 
Inay still I)e usud nit11 filament is sl~iralled a t  the encl so that its 
the high-irequc11c:y set, springiness talies up anv sag when the 
hut it will be nc,c.essary filament is 1lc;lted. For- this reason 
to reversc the \\ires in it is hettcr, wliere possible, to arrange 
the rcactioll terminals to the f i lc~~neii t  in a vertical position, so that  
their previous ;Il.rangc- it cannot tlrop wlren in use and touch 
inents: wit11 the  rectiiier the grid, a trc~uble ~vhicll is diffic~~lt to 
alone. \Vhcn a liigli-frc- detect in ;I faulty s r t .  
quency unit is itlsertetl Fig. I sl~uws a standard type of detector 
in tile set battery con- val1.e kno~vri as the Ediswan A.R. Valve. 
ncsioiis inust be ~ n a d e  to Tllit; \ralvc, as is the case with most 

EDISWAN A.R. it f ro~n  the cletector unit. valves belonging to this class, is very 
DETECTING VALVE DETECTOR VALVE. suitaljle tor high- or low-frequency 
~ ; i ~ ,  I .  s ~ ~ ~ ~ ! ~ ~ ~ L  '4 tlrer~nionic valve used amplification. 
type ~ . l i .  detecting for rectifying radio- The valve shown in Fig. 2 is a lliarconi 
\.alves. 2s illp5tra- frequency oscillations. R2&\ ~.al\.e. I t  has the unusual feature of 
tetl, are a15o s~utabie  11 
for ;~mpliticntion. consists of a iilanlrnt, being gas-fillecl instcad of having tlic usual 
rrl,e v;,lvc lrgs a grid, a i d  an anode, high vacuunl L.oinmon to other valves. In  
c!ivitlctl :lntl oprned the n~liolc c:nclosetl other respccts it follo~vs standard practice. 
:;lightly in order t o  within a glas> bulb. I t  is useful foi detecting only. Other 
make 'prinfi fit Connexions to t l~csc valves sllaring this feature are made wit11 
and ensurc perfcct 
contact with p;trtsare in;~de by mcans a low vacuuni, that  is, tlie glass is sealed 

valve holder of split pins protruding before all t l ~ e  air is extracted. 
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Tile valve is a DETUNING. The act of varying the 
v e r y  d e  1 i c a t e ~nductive or capacity value of a circuit in 
picw of appara- ordcr to decrease the signal strength ot 
tus and requires a station i~eing received or to lose it al- 
careful handling. togetl~cr. In heterodyne or beat reception 
E v I: n a s l i g ti t the heterotlyne circuit is si~gtitly &tuned 
blo\\ is some- trom the frequency of the uncoming 
tiin(:- ~utiic icnt Lvaves, and this detuning has the ef f~ct  o! 
t o  u J? s e t i t s i-nposing oicillation.; (of sli,qhtly different 
operatio11. \f'hen frequency tipon the aerial wave frequency, 
used wit11 a 1)ot-t- giving risr to 13t:at I<eception ( q . z l . ) .  

aide set i t  1s ad- Detun~ng is usctl somctimcs to prevent 
visal,le to reniove ~nterfcrcncc: troln another station an a 
the val\-t-5 ti-om close wave-length Although quietening 
the set ancl pack a littie the station heing received the 
thcin ior travel- interienng station rimy often be entirely 
l i n g  i n  t h e i r  suppressed. See Tuning. 
origirial boxes. DEWAR, SIR JAMES (1842-1923). 
Owing to the fact British clitmist and physicist. Born at 

MARCON1 R2A VALVE that a high volt- Kincardine-on-Fortll, Scotland Sept. zoth, 
1;ig. 2 .  Usc!ul as a detector .aqe is supp1ic.d to 1842, and cducatetl at  Edinburgh Univer- 

l ~ l l t  not for  thc anode, par- sity, he was electcd, in 187j Jacksonian 
Iping, t h i s  v ;~ lvc  has not t h e  
, lP,lni high vacuum, but is ticular care rnust professor of natural experimental philo 

gas-filled 
Co~rrteiy J lnrcot t i  Wtreless Tele 

praph  Co..  Lfd  

be taken to prevent this volt- 
age from reaching the fila- 
ment. Anv excess over 4 to 
6 volts will burn out the 
filament For this reason 
it is important to bring the 
legs of the valve to the 
valve-holdcr sockets so that 
they will registcrdirectly. The 
anode Icg is set farther out for 
this purpose. Care should be 
taken to avoid touching the 
high-tension sockets with the 
filament ltrgs of the valve. 

I n  operating the va!ve 
1)oth high- and low-tension 
bat terics require adjusting to 
suit i l ~ e   articular valvc in 
use. rind In many cases it 
1s prefer;~l)le to use a separatc 
tap  from the high-tension 
I~attery tor tlie detector valve 

Special va1vc.c are inade 
\ r i th  thor-lated filaments cap- 
able of operation with a v e q  
srnall battery voltage. T11e.e 
are kno~lin as dull emitter 
valves, and operate on three 
volts or less. They are very 
useful in a portable set, as 
the use of small dry batteries 
is possible. See Dull Emitter 
Valve ; Valve, etc. 

Horn :n Scotland, t h ~ s  great scientist was honoured in many 
countries, being awarded a number of Iorcigri a n d  British 
scientific distinctions. I-Ie was the  author of a brilliant series 
of investigations relating to the electrical conductivity of 

metals a t  !ow temperatures 
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~ ~ p l i y  at Cambridge. I n  1877 lie became snritch, as Lhe flange-like portion permits 
I Fullcrian 111-ofessor of chemistry in the of fitting the whole to the  face o f  the pancl. 

lioynl Institution, London. He had then T l ~ c  switch Iwer  is pivoted by a central 
I I~c.gun his brilliant series of investigations pin attached tc, tlic top ol the body. Thc 

into the liquefaction of gases and, with end 01 the lever is so shaped that  when 
1 1.  .\. Flcviling, the properties of matter thr  handle is depressed it moves the long 

Ilt cx t r~mc~ly  low teniperatures. He \\-as ccntral strip which is secured to the 
the first to liclucly and aftenvards solidify insul.iting b!ocii a t  the inner end of thc 1 rn Iiyrlrogcn nnrl shon~ tlle great increase in hotlj.. Tl~esc and the other flat strips are 
clcctricnl concluctivitp of metals :~t  huc:11 prw-ided ior the  tc~r~ninals of the connect- 
lo\v tc~nperatures. ing \>;ires, whit li Ilax7c to be soldercd to 

In 1804 Iic was awarded tlic L<uii~lord t2ieil1. A11 these strips are separatccl bq 
rl, ~i l c~ la l  of the Koyal Society, and in 1899 insnl:ition, anri the  scre~v..; arc also in- 

\\-,[:: tlic first n u n  to rcceixre the Hotigkim sulutccl by me;tns of bushes and wasliers. 
nictlnl of tlic Slnithsonian Institution, This type of sbiitcll is very rcliable in use, 
\\-;~sl~iiigton. He  was tlic tirst British tliougli capacity effects are liahle to  nrisc 
bnl>icc-t, too, to receive (1904) the 1.avoisier if used in high-frcqucncy c:ircuits. Sci? 
iiic,ilal ol tlic Frclich .ir.ad(,rl~p of icicncrs, ;Inti-capacity Stvitch; 13 Battery Sn-itch , 
; i i l t l  i l ~ ~  lirst to be a\yarclecl, in 10o6, the Icnift: Switch; S~vitch(,s. 
31attcucci rneclt~l of tlic Italian Society D. F. This is the  usual abbreviation 
01 >c:ie~ic.e.;. I n  1916 lie rccci1-ed the for direction firlcier ( q . ~ . ) .  
Coplcy medal of tlic Royal Socic:t~., and in DIACATHODE RAYS. r\aj.q)roducedhy 
ICI IO tlie 1;ranl;lin incdal of tlie I'rarrklin l>asiiog cathotl(: rays through a ncgalively 
institute of I'l~ilntlelphia. Iiniqhtctl i n  el?ctt-ihcd n-irt: scrcctl. The positi~~el! 
1 0 ~ 4 ,  Ilc dictl in 1923. c11 ;~r~cd  ions (.c'nstit~itiiig these 1-a!-s move 

DEWAR SWITCH. .\ special type of a t  a <11uc11 slonel- spce(1 t11a.11 t l ~ c  electrons 
>\\-itc11 ndal~tetl for tcleplionc work. As thro\vri clfl by tlie c;rthodc. itseif. . ' 5 ' c ~  
:il)~,lic,tl to \\.ireless work it is estcnsive!y Catli4)de ltays. 
c ,~i~plo~.c t l  for thc control of various part5 DIAL. I n  uirclcss \vorl; clials al-e uscd 
( . I  tlie \\-iring systeln, as, for inst.tnce, tht to c1)ntrc~l tlic I?lot.elnent oi conclcnscr 
c l i , .~o~ l~ i~x io~ l  01 one or more h~nplifier:: platci, ant1 v:,rious ot1lc.r ~novablc por- 
!I-( 1111 a ci~-cuit. lions of a \ri,-elr+ :e?, anrl shollld hc 

I)e\\.,il. i;n.itc.lit:s are made in var-ious calihtatetl. A sin~j)!e pattern is shown in 

I rornl; suited for control of one or both Fig. I ,  and tliil- consists of a circular disk 
-itlcs oi n circuit. The latter tt.nes are of ellonite with a bevel edge. In  t l ~ i i  
linon-11 generally as c ~ o u l ~ l c - ~ o l ( ~  .l)cwar 
s~vitclies. Other varieties are :~rranged 
as t\~-o-\vay switches, ant1 with one or 
more sets of contact blades. 

Tlie s\vitcli illustrated shows a double- 
\Yay type \\.it11 double poles. The I3ody 

DEWAK TELEPHONE SWITCH 
')c\\.ar ST\-itcl~cs zrs adaptcd for tclcphonc work, 
often uscc l  i r ~  wirclcss apparatus. Central con- 
tac t  strips connect to the flat outcr strips, to 
\ \ l~icll  t l ~ c  \vii-es o f  Lhe,circuit arc joined by 

soldcrlrlg 

])ro\:idcs a support Tor thc  cbonitc switch CALIBRATED DIAL 
;il.lll top. ~ l ~ i ~  through Fig. I .  Calibrations from oo to  180' are engrave4 

on this simple form of flat dial. This type of 
I tllc pancl on tlic instrument czisc. No dial i.; co,l,lllnnly used for condellsers ill 

s c l ~ ; ~ ~ - ; ~ t e  cover plate is neetled for the recc>ivin;: set9 
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CONSTRUCTION OF A HOME-MADE CONDENSER DIAL 
1:ig. 5 .  Fixctl i n  the vice i s  n sh1.e~ of ebonite market1 with a circle, and the operator is seen cutting 
t l ~ c  tlisli out ro~lghly with a hack-sa\v. \Vhcn making the circlc plenty of margin must be 

allowed for trirnriling the etlzc. Tlie roughly c u t  disk is afterward5 t i~rncd in a. lathe 

instance half the periphery is calibratcd 
in dcgrccs, ranging froin o" to rNo0. 
Such dials are usually made in mould(:d 
c:bonitc co~nposition with a single central 
I~olc, ant1 may Ile srrewed for a s p i ~ ~ d l e  
and be secured with lock nuts. 
11 rnore convenient paltt:rn is that  

illustrated in Fig. 2 ,  villi(-11 shows another 
form of condenscr dial similarly ca1it)rated 
as the foregoing, I ~ u t  l~rovitled \\-it11 a 

milled edged knot) with which to rotate 
the condenser plates. Such dials are 
usually secured to their spindle by nieans 
of a sinall set screw tappcd through the 
1205s of the knol). 

Fig. 3 shows another condenser dial 
which has a particularly robust knob, 
enabling a firm and surc grip to be ob- 
t;~ined. For the control of filanlent rlleo- 
sfats a knob and dial combination is a 
particularly useful feature, as illustrated 
ill Fig. 4. In this case thc  calibrations are 
fairly open and nlay run froin I to 15. 

-- 

EXAMPLES OF DIALS USED FOR CONTROLLING WIRELESS APPARATUS 
Fig. 2 (toj,). Turning knob and tlial are made in one picce for atiachmcnt to  the spindle of a 
variable condenser. 11 fixctl p o i ~ ~ t  is nrarkcd on ttie  anel el, and ca1ii)ratiotis from o" to 180° 
engraved or1 the  dial. Fig. 3 (left). Ailother co~~denser  knob and dial of pal-titularly robust 
tlcsign. l'his type o f  knoll m;tbles a very fir171 co:ltr01 t o  be exercised. Fig. 4 (right). Coarse 

calil,rations are engl-aved. The di.11 and knob may be used for a filament rheostat 



8 ,. 
1 . 1 ~ .  O .  1;iscd In :liti nooti chuck of the lathe is the cl'onitc tlizk. The opr:r;itor i; seen malting 

I t l ~ c  r l i r , l <  qecu~-c bciorc lllc !,I-or.csses oi chamferin;; nod r aiil)r;lti~~: art. c o ~ i ~ i n c ~ ~ c e t l  

"- . . 

1;ig. 7. Set at  a n  angle across the lathe bed is .t slide re>:, arlcl the c.pcratio11 in progress is kno\v11 
21s chanlfering. The edge of the dial is to  bc bevelled ant1 cctl~bratctl. The tool used in thc 

o~)cration shown here can bc set to  product, a bevel at any anqle tiesired 
- 

LATHE OPERATIONS IN THE CONSTRUCTION O F  A DIAL 

7'11is eilablcs the position of tlic contact 
:n-in 011 the filaincnt rheostat, if oi circular 
in t tcrn ,  to be deternlincd ;tnd rcscortled. 

T11c espcrinlenter who desires to r~iake 
all posi1)le parts of his own albparatus 
c.;ln easily construrt a dial in tllc iollo\ving 
ninnncr, and as it is then possible to select 
tlic Iliglicst gr:~rie ol cbonite, satisfactory 
rciults should follow. The exact size of 
the dial. and the nature of the ca1il)rations. 

can be iiladc to suit a particular instruinent. 
The lirst step is to cut from a piece of 
4 in. thick el)o!lite sheeting circular disks 
of the dcsircd tlia~ncter, say, 3 in. 

To do this, a circle is scribed on the 
matcrial and thcn sawn to shape with a 
hacl;--saw in the manner shown in Fig. 5, 
cutting s lant~nse ,  as it were, across the 
corncrs of the 1:laterial until it is as nearly 
round as possible. The next step is to 



liig. '.. (';tlibl-ations are cut on a 1,evelletl edge of a condvnser dial with a V-pointed tool. 
This process is carried o u t  without taking the dial off the chu(:k. The tool is held in the slide- 
rest tool clamp, and instead 01 rotating the chuck as for turning, the work is hcld fast  ancl 

I 
?he cutting tool movctl, the chuck being rotated oilc degree space after cutting a division 

1 . l ' ro~ision is matle on the underside of the dial for accommodating the screw heads, by 
rcccsslng the centre portion. Here the dial is seen reversed on the chuck and the process 

of rcccssing is in operation 

CALIBRATING A N D  TURNING A CONDENSER DIAL 

680 
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grip a circular 1)lock of rvootl iri the chuck Tlic: calil~rations are nlatle inore all- 
of a lathe, and scrcw the cbonite disk on parent by fillinc the cuts nit11 wliite paint 
its face, as sl~own in Fig. 6, aftel having ant1 \viping tllc: s ~ ~ r f a c  e v.tlile the paint 
turned up the face of tlie wood 1)lock so is still w ~ t  ; .his relnc,iTcs il-ie surface 
that  it I-uns ~>crfectly truly. To set the colou:., but lea-zcs it in tlie rcratclies or 
tlisk true on tlic face of the block, drill a inr ~slons ior tbc calibrations. 
tcnt r~i l  holc in tlie tlisl; ant1 !orate it by DIAMAGNETIC MATERIALS, hlatcr- 
mean.: of a small peg driven into a central ra1.s \vl:ich clinlisish tlie magnctic intli,iciio~i * llolc in the woocl I~lock. by tll#.ir p ~ - c s n c c  in :r given i~~irgnetic iieltl. 

T h e  ricsst stcp is to take a ro~ii~rd-nosed 1)iarii qnetic s~!bstancc,s, thc,rcI'oi-c, liave 
tool with a good top rake arid trim up n p~!-~ncal~i l i ty  Ic,ss tliail u1iit17. .S?L 
thc ctlgc of tllc tli.;l; unt i l  it runs true, and \ I ; I ~ I I  , [ i ~ i i ~  , I'c,-mt~al~il~tv. 

i 

* then set ovcTr t l ~ v  l ( l j l  slitlc of tlie slide DIAPHRAGIVI. :\ tllin dii;k, usuallv of 
sol1 ii.on, lc,un,l in tc!cl)lrol~cs :ilirl illicro- 
pllt,,nt 5 f(ir t l  c pro(l[~ctio!l or d(1tci:- 
tio11 of vie,-trical 1)nlsilioiis. Tlic iiiojt 
conln;on foim c t L  il-on tliap11r;~gm is fo~liltl 
in 1 1 1 ~  telrpliont: rt~cciv~sr. 111 this cast3 i t  
is u s ~ t l  a s  a ..lrtcctor, turning current 
pulsations illto audil?lc soullds. I t  is 
arrani:ed so t1l:it its centre is almost touch- 
ing a permanerLt nlagnet rouncl \vhich i:: 
placetl a coil 01 tvii-e 

Thr: diapllrag 11 is rigidly housecl asountl 
B ATTACHED its edge, allo\vin~ 1x1 n ~ o \ ~ e n i e i ~ t  other tlian 

Fig. lo. In this ~ ~ h o t o g r a p l l  thc  dial is com],lete the fleuibiljty of tile tliaphragl11 itseli. 
ant1 the knob nttachetl, being held by  a sci-ew. I ; ~ ~ ~ ~ ~ ~ ~ ~  is of;el, used as a diaplIragIl1, 
The dial is tiltctl to  sllorv the rcccsscd i~ndei-side but better results arc obtaiiicd with 
rcst and turn a cl~amfer, as sllown in stallo>r, r l  metallic alloy ha\;ing a high 
Fig. 7. The top slide \\.ill be sct over to mngn~t ic  pc~rmcahilily. '4 feature of this 
whatever angle it is desired t o  turn the illaterial is its extremely rough surface, a5 
cl>amfer or l)exrel on the disk. \%en a is shown in the. photogrnpl~. 
clividing Iic:xtl is :ivailable, the cali\)rations 
may I)e cut by setting a swan-neck or other 
type of V-l)t)iiitc.d tool horizontally in 
tho tool holder and traversing it across 
tllc f;lce of tlle l~cvcl, so that it just 
incis(>s a line. 'I'liis is illustrated in Fig. 8, 
w!~icl~ sllould n ~ a h e  the i~ic t l~od clear. 

I f  a tlivision \)late is not available, 
a suital,le cl~ange ~vheel can be llscd in- 
stcatl. l'lic disk can  thcn l ~ e  i!oli::tied 
by running t l ~ c  latllc at top spcecl and using 
finc t.111ci.y I)al)c" antl linisliirlg \r.illl 'rotlc~~- 
stone, tripoli poucler, antl tallow. 

'fllc. tlisl; is rctmovcd froill tht:  wood 
I)locl;, rcvcrsctl, ant1 replaccd as before. 
7'tle undersicl(: oi tlici tlisl; is no~v  ncirssible, 
ant1 is I-c3cc~scd as s l ~ o n n  in 1:ig. O, STALLOY TLLEPHONE DIAPHRAGM 

l,(.illg tlonc. to facilitzltc: fittillg the Stalloy diapli~agr!ls arc2 u~ecl  in  wircless telephone 

0 rcccix-crs. The rstreincly rough surface of the 
disk su that it Can rotate freely on diaphr-.Lgi~~, as  compnl-ed with ordinary Ierrotype 
face of tile 1,ani.l. Thc work should be tli;~pl~;,pms, is clearly sccll 
coml>lctetl I I ~  turning up an ebonite knob 

rr) and screwing this finnly on to the disk A similar t j ' l~e  01 diapliragm is oftc~l 
wit11 two countcrsunli brass screws, wliicli used in microphones, where ~t confines a 
shoulti IIC tapped into holes in the knob quantity oi carbon granulcs in a cup niatlc 
in t!le manner shown in Fig. 10, the knob of the same material. LVhen sound waves 
being provided with a set-screw to secure impinge against the diaphragm the result- 
it to the spindle. ing vibrations cause current pulsations in 



a curreilt llov-ing froni the carbon cup to  
tlic diaphragm. These pulsations actuate 
the diap11r:~gm of the telephone receivers. 

In case.: where a large volun~e of sound 
is bcing recorded, the diaphragm is often 
ridged to 111-event ditlicrjng. T'arious 
otlicr inctl~ods are employed to 01 T ~ i (  I - ,  onle 
this tl.oul~lc, whicl~ is especially prev;llent 
i11 loud sl)ealrers. Other 1)-pes of dia- 
1)111'ag111 consist of a non-111etallic inatcxial, 
sucli as ~~nrchment ,  Ilearing a soit iron 
c-csntre. 1\11 adaptation of this nlctl~od is 
usctl in ;I wireless telcy)l~onc rccei\.er ~ n a d e  
I)y S. G. Brown cE: Co. r111 iron ur1n:iture 
i.; frcc to viljrate 1,cfoi-e the polcs o! the 
111agnets. To tlic :trn1ature i i  at tat-hctl a 
\.cry thin spun alun~iniuun di;lphr,~i;rn, 
-ccurcd to tile case at  its pl.rip11ci-y. 111 
ortler to scc-urc n largcr area, allo\ving t xtra 
~lisplucemcnt of air n-llcn vil~i-ating, the  
d ia~)hragu~ is conic.nl in s11;lpc. I n  the 
~) lder  lorms the tliaphrngnl \ c .~s  suppcbrted 
at  its c,(lgc 1,y a ring (11 goldl- eater's sl;ii~. 
'I'l~is 11:~s I~ccn replaced 1)y an all-alumi~iiun~ 
tliap111-:rgm ill the present tlcsign. Scc 
llicropl~one ; Tc~lcplionc ; :111tl under tlie 

The interference wit11 com~nercial sig- 
nalling is sufficiently troublesoine to 
clcinand serious at tention; strays are 
particularly prevalent during the afternooil 
o l  hot sulnmer days. Dicckm:inn was the 
lirst to suggest tliat the receiver aerial 
c:ould be shicldetl froin these aperiodic 
strays by surrounding it with a periodic 
(:age consisting of l~oops of wires all con- 
nected together and to  tlie aerial by a liigl~ 4 
I-esistance wire. This tievice was conse- 
quently I;iiom.n as the Uieckrnann Cage. 
Since these hoops or wires arc at right 
angles to the aer-ial itself, they tlo not -I 

screen it from the reception of the periodic 
c,tlier strain effects, but are fairly effectual 
; ~ g a i ~ ~ s i  static or aperiodic ctlier strains. . . 1 hc great disadl-antage of strays is that 
thcy 11eccs~it:~te :t great increase in i l ~ e  
 mount ol tr;lnsll~itting energy to over- 
come their janlining effect, and it is therc- 
lore a inatter affecting greatly the capacity 
o f  the trai~smitting station for producing 
signals of perh:~ps sonle five or six times 
t l ~ e  norillal strength tliat would be re- 
( lu i r~ t l  \vhc.1 sti-;tys tve1.e c.omplctcl~- a1)scnt 

11a1ncs of t h c  ~ a r i o u s  
prolxictary lic.atll)lloi~e~, 
ISro\\.n, I:ricsson, etc. 

DIECKMANN CAGE. S:tmc, 
givcn to a typc of shicltliny 
11hcd to climiiiate or lessen 
a tmosp l~(~r i c~ ,  strays or "x's." 
OIIC of the ~ ~ l o s t  serious lran- 
tlicaps in wirclcss signalling, 
esyccially in the troljics, is 
t hc clistl~rhance due to all- 
normal conditions of the atmosplierc~. 
The irregular noises these produce in 
the te1el)Iione receiver interf(:re \\.it11 
thc regular signals to a Disturba~lces ;~rcclirnillatcd or 

cstent, and such noises arc corn- ~nini~nized by placing above 
a flat-top acrial at1 electro- 1)rehensivcly referred to as " ;\tmos- static shield. Tllc shielding 

ljhcrics," " strays," or " X'S." \vircs arc shown a t  TT and RR 
'Thcre appear to be three distinct 

kinds of strays;  one . - - 
turbances which give rise to sudden - - 

loud clicks in the telephone receiver, ancl ha electrostatic shield for a flat-topped 
these are usually due to lightning dis- aerial is shown in the diagram. The actual 
clrargcs within range of the rec~eiver aerial. aerial .I has a down lead 1) to the usual 
:\nother disturbance is in tht: nature oi a tuning inductance I3 and earth E. The 
cu~itinunl l~issing noise, and is considered to shielding \vircs are sliowll a t  T T, and K K 
11e due to the passagc of low-lying clouds, represents the equalizing connexions with 
electrically charged, in the neighbourhood inserted resistances, so that  the entire 
ol the receiver. Thc third ltind gives an shielding sj.stern is aperiodic and incapablc 

a 
iinpression of rattling or bumping noises, of being set in resonant oscillation by 
and is  robab ably due to ionization eflects i~lco~lling cnergy. The whole system is 
ill the upper regions of the atinosphere earthed a t  U through a large inductance 
al~ove tlic clout1 strata. or a resistance. See iltn~ospherics. 



DIELECTRIC. 111 e1~:ctricity tllr: word 
r1ie:cctric usuallj. indicatrs n 11011-conductor 
of cl~.c.tric,ity, i.c. a n  inslllator. I t  is rrlore 
gcncl-ally conlinc~l to ~io~l-c,onductors xvlien 
Ilrci~. lunc.tion i; to -cnl);l.satc nc~igl~l~ouling 
contlu, tors ;rt tlil'f~,~-c,r~t ljotcntials 

I)ic-l(~ct~.ic,s 11i;i>- I;? solitl, liciaid, or 
g;!.-c,ol~s, ant1 ;iliior~g Illc lliore c o ~ ~ ~ r n o n l y  
nwil tlic.lcc,trics in \\-ireless arc micx g l ; ~ i ,  
: , ; I ,  ~.iwnitc>, \v;~x, \\-:rscd p:rpcr, riiid oils, 
' I ' I I ~ , I - ( ,  i, no 11;1rtl ant1 fast tlivitling ;inc 11c- 
t\r-c,c.n clic~Ivctri[-.i a ~ ~ t l  c.oncl~ic:ii~~.s I t  i i  
1)1-~11:11~1~~ t 11;rt tlic Ilc.it clic~lc~c~l~ii--; : ~ l l o ~ v  :r 
c~ertai~) Ic;rl<agct 0 1  c.urrcsnt, Llit t l ~ i - :  I~~;~h;igt: 
i i  rl>uallj. so i~na l l  tll;rt it is not tl(.i(.c.tal~lc 
11.. tl~ct orrlinal-y nic1:isuring initr!ilncnts. 
I)ir~lc~c~t~-ic:~ arc :iffectetl by Ic~ln~)t:rat~~re. 
XIany iuhstanc-cs cvllich are cjflicic>nt 
i~is~ilaior-5 at  normal tempcraturcs break 
tlown \vlicn tho tcln1)cr:~ture 1.; raised, antl 
at a tclnpcrature oi 2,ooo " C, 01. more 

I practically every sul)stance cease.; to be 
a n  insulator. 

..I su1:stance in a pure state nlav be a 
good dielectric, but when niisecl wit11 other 
sui:stanccs becomes a conductor-. The 
c,oln~nonest example of this ~ ~ l ~ e n o m e n o n  
is water. Pure water is an insulator, I ~ u t  
salt water is a n  excellent concluctor of 
electricity. 

l'llc clic~lcctric strength ol a sul~stance 
is tllc Ineasurc of its ~nsulating qualities. 
Tllc grcr~tcr tlic dielectric strcngt 11 thc 

I Ijcttcr the materi:tl is frorn an ins11latin.g 
point of view. The dielectric str-cngtli IS 

u:;u;~lly mcasurc~tl by the voltage which 
will I)rc>ak clown the insulation of n unit 
t11icl;ness of the matcr ial. 

'1'11(. t:ll)lc in tlic nest column, rlue to 
(;ray, gives tlie dic~lc~c-tric strengths or 
~ j u ~ ~ : t u ~ - i n g  voltages of srl1:stanc.c~~ coni- 
lllonly used as dielectrics. I t  sholild he 
notctl that the strc>ngth varies not only 
wit11 the tcmljernturc, I ~ u t  n i th  tlie p:ir- 
tic.~il;ir bpcci~ncn 1)eing t c ~ t t ~ l ,  its (11-!.nc.is, 
Iioiiiogt~n[~ity, sl1:11;e, tliicl~ncss, metliod of 
a l q ~ I j . i ~ ~ g  tlic elcctro-~notivc I'orce, ~r.lietlier 
gratlually or sutl(lc.r~ly, etc. X roug11 rulr, 
thic to I3rrur, is t l ~ a t  tlie dicllcctric str-ength 
x:arics inversely as tile cube-root o f  tlie * thic:krlcss of tlic ~naterial. 

?'he strcngtl~s in the table arc me;~sured 
;tt norrnal te~nperaturcs and ;~tn~os~)hel-ic 

i * 
pressures. The figures sliould orlly he 
taken of the order of magnitude of the 
puncturing voltage and not as applyirlg 
to any specimen of the suhstal~ce in 
particular. Thc kind of substance uqed for 
a diclcctric depends to a large extent upon 
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DIBI.1 C T K  I ( '  STRENGTHS O F  COhIhIOS 
S1 F;S 1 \hChS 

~ ~ l , ~ ~ ~ ~ ~ ~  ,xh cknciss Dielectric s t rengt l  in 
vol ts  per centinic,trc 

1 - 1 - -  

I \ i r  1 C i l l .  

I~Iloll : : :~ o-1:'ocln. 
l l i ~ > ~  O i l  m :  

0'0 I 

1);) I )<  r 1 1 c 1 1 .  

C)l~\-e nil .+ t i  X nlnl.  

t !  I i " 1  (.Ill. 

I ~ n i c c . i I  nil 4 t i  S n l n l .  

o.,j c : i i .  

2q,,i00 
43.$,C'@" 
"0.1'"" 

I 
i 

2.000,0~0 I 
~ C ' " , " O O  to 640,000 

:o,c,oo 

2>j ,nOo 

1 hj ,c .oo  t o  i;.j,1>00 I 

1:3,c~o0 
--- 

I 
its a ~ ~ l ~ l i c n l  ion. In  fixcil coudc~iic~rs. bucii 
as arc use11 in \s.ii-cltss, 1s.-;i.;eil pnlwr ;illd 
thin n1ica !or111 t rcc.ll~~nt c1i~~icr:ti-ic.;. 

I:oi \-al.inl~lc c t  ndc,n5crs tlie nsna! diiiec- 
tric 1s air, I h o u ~ l l  oil i-; also estcnsix7ely 
used. I'ai-affin paper ib used in place of 
mica in condcnsc rs uf large capacity \\-lic.rc 
the cluestion of cost 1~t~conlc.i iinport:~nt. 
In other types of coildensel-s ebonite and 
shellackecl paper arc 110th usccl, and in the 
3loscicki condei~ser glass serves as ilic 
dielectric. 

1)ic)lectric efficiency is the ratio of t l ~ e  
energy output to the energy input, thereby 
taking account of any waste of energy that  
occurs during tho charge or discharge of a 
condenser. The perfect tliclec-tric has an 
efficiency of unity, 2.e. there is no waste of 
energy in it.  I n  actual practice there is no 
such thing as t l ~ e  perfect dielectric, antl 
there is always an energy loss. 

The losses are tlue to a number of causes. 
Tlicrc is a loss due, ior example, l o  leakage 
over tl;e edgcs ol the plates, and to prevcnt 
this tlie condenser niay be i~n~nersed  in 
oil. A-\notlicr los-; is clue to the concluclion 
current through thc dielectric. l'he 1;etter 
the dielectric-that is, the worse conductor 
it is-the less is I he loss due to conduction 
c'urrcnl s. 
.I illrthcr 10s.; is due to the absorbing 

powcr, as it ivcre, of tlie tlielectric. Bf 
this is 1:leant t h t  al~ility of the condenser 
to retain so~iic of its cliarge when it is 
short-circuitcd. I t  \\-ill 11c. iounri that ii a 
conder~ier is short-circwii cd, and then put 
aside for a short time ancl short-circuitccl 
again, r i  current ail1 ilow ~ l u e  to the residual 
charge not yieldell the first time. 

Other things I~eing equal, air and oil 
make the best dielectrics, lollo\ved by 
mica. Mica contlensers, however, depend 
so rnucl~ upon tlic, quality of the inica tliat 
their cfficicncy is very uncertain. Ebonite 
makes a good diclectric in coi i~para t i~~ely  
thick sheets, but i t  is inefficient when 
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tllin. S r z  under the Ilamcs of the Sir Ri1:harcl Threlfall has described his 
various dielectrics. See also Ail- Con- rnethods of nleasuring the dielectric losses 
denser ; Dlocl<ing Condenser ; Collclenser ; in prepared salnples of nlaterial. 
Insulation. The ~naterial  to be tested is cal-efully 

DIELECTRIC CONSTANT. Another dried, and turned or ground into the form 
name ior indlictive capacity. II  e, ,  e ,  are of a n  ellipsoid. This is attached to  a 
two electrical charges concentrated a t  two quartz fibrr ant1 suspended. h mirror, 
p i n t s  x cclltirlictrcs apart ,  then thc: lorce similar to  that  used 011 a reflecting gal- 
1)ctnccn the two charges is z1e,/I<x2 dynes, vanometer, is at t;lchecl. The wllole fibre 
wllcre I< is a constant cl!,pending only and mirror nre sliielded fro111 electro- 
~ 1 3 0 1 1  tlie nrediu~n separating the two static actio11. XI-ountl the speciineri, con- 
cliargc's. I< is callecl the clielectriz con- denser pl.lter; are mounted in s11c11 a rnanncr 
stant of tlrc nlccliurii. I t  1s mcasul-cd by that they can tre rotated and produce a 
the ratio of the capacity 1 - l f  a condenser uniform field. Thl-elfall founil that  
with the metliunl in cluc,stion as the ellipsoids of the coll111ro11 dielectrics were 
dielectric to the  capacity oE an exactly set in motion, indicating that  the electric 
siniilnr condenser \\.it11 a vacuum as the strain or polrtriz:ttion lags behind the 
diel(,ctric. The clielectric constant of air electric fol-cc in phase. 
a t  ; ~ t ~ l ~ ) s ~ ~ h e r i c  prcssure very nearly Thc l'clr~nula for the energy expended 
unit)., and is generally take11 as sucli. per cycl(: due to  tlielectric hystcrcsis is 

Tllc. tlielectric collstant of various \ir = n p - ~  
niatcrials is given below :- wlrere If: = the dielectric lrystercsis, 

5ul)itnnce J)i~~~ectric Constant. F -- ini(,r!l:il clcctric force, a is a factor 
.\ir . . . . . . 1,ooo,j3 depelldin; on the material-lor glass and 
IIydrogr11 . . . .  . . 1 '00020  

\V;~trr . . . . . . 81 eho~ii te il 111;~y be 0.03 to 0.04. 
('astor oil . . . .  . . 4.73 -4crial ~t is taken as lying I~etween 1.5 
olive oil . . . . . .  311, and 1.95 for ordinal-y dielectrics. 
'l'iirpcntine . . . . 2 . 2  Dr. Fleming shon,s how this loss nlay 
l'cti-ol~~~rn . . . .  . . 2'07 
(~;lycc~i-ii~e . . . .. 5h.tr be cxprt.sed as a percentage of the cnergy 
:\~rtonc> . .  . . . . 2 1  's.5 stored per ~ m i t  ol \-olmnc. 
( ; I : I ~ s  ifiii~t) . . . .  (>.o Taking F as the uniform Internal force 
1 :  i t )  . . . . H..! in one unit of ~ . o l u ~ n r ,  (2 as the capacity 
l ~ ~ l ~ o l i i t c  . . . . . . 2:$ to (.2 
Ii~tliarubl)er (pure) . .  ~ ' j t o ? . G  per unit o f  \-olul~ie, then 
Jlitliarubl>cr (vulcanized). . 2 . 7  to 2.9 C - .- [< 
llicrr . . . . . .  6 to ,< 
I'al-afhn wax . . . . 1.1) to 2.3 

4.. 
I'orcclain . . . .  . . 4.4 to (1.8 hence the energy stored is 
She1l;lc . . . . . . 2.5 to j .7 I<F? 
Cclluloitl . . . . . . r 8.0 

r = - per cubic tulit. 8a 
I l ry  paper . . . . . . 2 t o  2 ' 5  
l'itcll . . . . . . 1.3 

Thc dielectric constant vitries with the 
temperature, and the constants above are 
measuretl bet\veen 15" ant1 20' C. The 
diclectl-ic constants of liquitls decrease as 
the temperature rises. 

Substances which absorb luoisture sholv 
large \,ariation in their diclcc,tric constants, 
according to  the nloisture present. 

DIELECTRIC HYSTERESIS. In  an 
insulator subjected to electrical pressure 
there ]nay be any or all of the following 
losses, dielectric hysteresis, simple ohnlic 
resistance, discharge losses a l ~ d  losses due 
to sctting up  of electrolytic action. 

I t  is a very difficult matter to separate 
all these various losses, and in the 
lnaj ority of cascs ordinary l~igh-frequency 
scsist;~ncc losses are 1)y far t l ~ e  largest 
lusses in a dielectric. 

The energy cxpcndcd in hysteresis has 
already been given as 

\f. = =  

\L7 - C;*rrF" - 2  
therefore , -- r I( " P  

Let F = r ,  then 

For ebo~lite, Thrcllall gives 
l i  = 3.5 
n = 0,029 
fl = I.-()- 

/ 3 
hence p = 0.212 =: 21.27(,. 

I t  will be seen fro111 the above that  it 
is by no means easy to separate out the  
true dielcctric hysteresis from ihe other 
dielcctric losscs, ant1 in the majority of 
practical cascs it is sufficient to  ltnow 
what the total clielectric losses arc in a 
particular type of insulator. 
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DIES AND TAPS & HOW TO USE THEM 
How the Amateur Can Cut Screw Threads in Metal and Ebonite 

Here are described fully and iilustrated with action photographs the test varieties 
and the ccrrect methods of working w ~ t h  these too!s, which are essential in the 
construction of wireless apparatus. See such related articles as B.A. Screw Threads; 

Screws, etc. ; also Brass . Ebonite 

Dies and taps are metal \vork!ng tools 
relatively small in size and gcnerallv used 
by hand. Their special purpose -5 to cut 
screw thread< or1 or in metal and ebonite 
; ~ n d  siniilar 1la1-cl ii~aterials. Thev are very 
Ilccrsclry tools for all wireless ~xper i -  
~lic~rlters, as witliout them most o! t lle s~riall 
I\-orl; acsociated 1 ~ 1 t h  ~virelcss apparatus 
iliaking could not be coinpleted. 

1)ir.; are usvd to cut thrcatls on the out- 
side ot the work, and taps to cut threatls 
on the inside. Consequently, tv cnsurc 
interchangc~~hility it is imperative that 
the die and the tap for any p;trticular 
type arid s ~ z c  of screw shall be of the 
proper form and dimensions. To ensure 
tile parts litting together when they have 
been screwed, it is necessary for the die 
to be a trifle sinaller in diameter than the 
normal size and the tap  a little larger, 
to perrnit the external screwed part to 
enter the screwed hole. 

These differences are generally allowed 
for by the makers, although it is usually 
1)ossible to adjust the diameter of the die a 
trifle XI1 colnmcrcial screws arc:, nowa- 
days, manufacture:l to recognized limits 
of error, and are remarkably uniform as 
~eg ;~rds  diar~ieter and pitch of t11e screw 
tllreads Consequently, if the imateur 
i)urcl~ases (tie.; and taps of a rc:putable 
111ake the re.;ults will be entirelv satis- 
factory, provided the tools be 1;ropt.rly 
Iiantlled. 

For the average run ot small mark 
tlre circular type of die inensuring # in 

In rlia~nctcr ii. l~lost suitable, ailtl is 
avai1iil)le singlj or in sets a t  moclcrate 
cost. The die- are useless \vithout a die 
stoc:l; or handle to 11oltl t l~cnl and whcrc- 
with to rotate them. 'Tlie taps are sonle- 
what like screws in appcnr~ince, except 
that they ]lave grooves iino\vn a: flutes 
alung then1 T1,esc are to fo r~n  tile cutting 
edges on the ta11s. .The, solid part, lino~vn 
as the shank, is gencrallv larger in dia~neter 
than tile scremed part, ant1 ternlinates 
in a squared ['ortion at  the outer end. 
This is used to rotate the tap. and is held 
in a t.ip wrench or holder. 

Tht. most convenient way to acquire 
these tools a t  the outset is to obtain a 
small set such ai that illustrated in Fig. I ,  
which shows a die stock, tap  wrench, tour 
dies and eight taps. The taps are of two 
kinds, known as tapering anti plug. The 
formcr are, as the name su<gests, tapcrcd 
solne\rhat, the small cilter~ng end I~elng 
reduccd to a dianieter equal to the bore of 
the bde  to be tapped. This is to allow 
the t;lp to start easil:~, as the tapered 
portion pcrn~its  the tap to start gratlually. 
The hole is then opened out a i d  conlpleted 
with the plug tap, which is of uuiforrn 
diaineter throughout its scren,ed length. 
In some cases seconds taps are usctl as 
well, and these arc praot~c~llly a plug t ap  
with very snub end which just allo~vs 
the tap to start the threads in a hole. 

BRITISH ASSOCIATION (B.A.) GAUGE DIES AND TAPS 
L;ig. I .  Several small dies and taps are lllustr;~ted, with appropriate die stock and tap wrench. 
These are some of the most commonly used dies and taps in the wireless experimenter's work-room. 

They are particularly suited to the needs of amateurs constructing their own apparatus 
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111 Fig. 3. The dies are in this case 
iiladc in two halve\, and slidc into groove\ 
iorined in the body of the die stoElr seen 

a t  the top of the illustration. Two 
long, detachable handles are used, 
and whcn these have been screwed into 

)lace in the die stock borlv. enable large 

ATTACHMENT OF DIE TO STOCK 
Fig. 2. How the dic is hcld in the: stoclr ailJ the 
method by which a tap is held in an .~djustsble 

tap wrench is hcrc sho\rn 

, . l hey  are inostly used on ct.~~nparntively 
t h i i ~  worl; where tlic tap  can pass right 
througl~ the hole. Tllc plug tap  is essciltial 
r\.hen tappi~lg a blintl hole, tllcit is onc that  
terminates in the metal or l ~ a s  a closctl 
c11tl. 

'l'apcx taps are used lor long or Jeep 
lloles, 2nd on this class of wol-k sllould he 
fo1lowc:tl by a secouds tall and 'iiniihed 
wit11 the plug tap. 
, . I he mcthod of holding the die is illus- 

tratccl in Fig. z, where a die is sl-iown in 
place in the stock, also a tall in the tap  
cvrcncli. The (lie sho\vn in tlie 

, J .  e 

This class of tool is used for threads 'I 
a1,ove 3 in. diamctc:r. The lighter patterns, 
as shown irk Figs. I and z, are used for thc 
smaller sizes. 'There are numerous other 
types of die and stock, but thosc illus- d 
trated arc suitcd to tht. requirenlents of 
the anlatcur and exl)erinlcntcr. 

As an exal~lple u i  tlle use oi  the die and 
stock for t utting thi-c%ads or1 the outside 
cjf a I-od, toilsidcr the case of a piece oi 
rountl brass rod, say, & in. diameter and 
4 in. long. If this is to I)e scl-ewed with a : in. tllreall, sajr :t \i~hitn.ortll, it is only 
llecessary t ' ~  place tlie die in the  stock, and 
secure it rv~th  the set-scre\vs in the side of 
tlic bocly. I t  is eiscntial to see that  the 
tLic is placed the right way up. 

i f  it is esamined it will be seen that  the 
llole \\-it11 the scscw thread cut in it is 
taperetl solnewhat at  one side and not a t  
the other. The larger end should always 
Ire set out\vards ill lhc stock. The flarigc 
~111  the stock should come against tlic side 

the die with the smaller c11d of the  holc. 
'l'lii.; is 1)ec.tuse thc: pi-essure exerted when 
x re~v ing  lvill not tend to stlift the [lie out 
c l t  the stock, and also that  the large end 
of the die shall commence the work, and 

not tlic s~llnll end. 
llexagurlal nut 15 a spec 1'11 Tht. small end is the sizing 
lorill oi holder adaptcd to Ire d, that  is to say, ~t 1s that  
~ota tc t l  by a sp'lnner. st \vhich brings the rod to 

Larger sLiew threads ale cut c exact size ant1 form. The 
~vltll more sul,itc~il- .mailer, tapered 
tial tools, such as end is thc start- 
the  set illustrated lilg end, and 

ADJUSTABLE DlES FOR CUTTING LARGE SCREW THREADS 
Fig. 3.  Ranged in sizes are a set of adjustable dies with a die stock and taps and bushings 
suitable for constructive work. Thcse implements are used for cutting large scrcw thrcads. 
The dies are made in two halvcs, and slidc into grooves in the body of the die stock. The handle 

is in two sections, screwed in thc projecting Lugs of the stock 
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COKKECT METHODS FOR SCREW-THREAD CUTTING WITH DIE AND STOCK 
1;ig. q (left). \.Ylrctl cutting a11 csternal sc1.c~ t'lread tlie corrpct way to use n die i i  shall-11 in this 
l o t o r a l  The flange o f  tllc (lie stoclc should bc upper~nost, and as tllc stock is rotated i t  shollld 
be pscsc(l ~lo\vn\vnrd. Fig. 5 (right). How t l ~ e  die is revcr5ed and heltl i n  the die stock is here 
showr~. I t  \\.ill ljc seen tha t  there are thrc,c set-screws, and the  opelator is adjusting these scl-ems 

, ~ f t e ~ -  rrvcrsing the die 

being tapered, allows the thl-eads to start 
easily and gratlually, as thc tlic 1.ioes not 
tlrcn have to rctluce the rod to the lull 
amount at one revolution. 

To start an external screw thread, test 
the dlamctcl- of the rod and scc that  i t  is 
not over sizc. It should I3c exact, and if 
on the large side, ought to be ti~rncll to 
sizc in a latlrc, or if only a trifh: larger, 
can t)c coi-rectetl h\, polishing wit11 cljicry 
paper. The next step is to sligliti!; round 
off a point a t  the end of thc rod. I'lxce 
the tlk on it ;111(1, holding the tocl fil.mly, 
press it do\vnn,ards constantly, ancl at tlie 
same time rotate the stock with both 11:intls 
;LS s1io~v11 in Fig. 4, \vhc,n, if  ttic: tool is 
sliarl) and properlv adjusted, a cle,tn screw 
tlircacl ~ l ~ o u l t l  appear. 

\Yl~cn cutting on I~rass a Iuhrica~it is not 
necessary, t)ut a little oil can be usc:d i~:hen 
srrening stc.c.1. In those cases wl~cre it is 
nccesnry to cut a screw thread up to a 
sl~oultlr:r, as, for instancc, wlicm sc~.c;~ving a 
s 1u:rred shaft tor a condenser spiridle, the 
uo,-l- ' . -. is btarted and the threat1 cut its fitr :is 
possil~le in thc lnanncr already d(:scribetl. 
LVhen the face of the die reaches tlrc shoul- 
tler the die sliould he rotated bac,l<wards, 
and the die t:tl;c.rl frorn the stock a i d  turned 

to tlic: shoulder. 011 very high-class \~01-k 
a relief groove is often cut next lo  tllc 
shoulder to alloxv the die to clear, and when 
this i i  dorlc them is no need to altcr thc 
die from its no~.mal position in the stocl;. 
Thc work to be screwecl should be held 
very firmly in tlre vice, togethcr with pieces 
of coplxr or lcad. Tliese are known as 
cl;nns, nncl should always he intcrposccl 
betw?-c,pn the ~ r o r k  and the vice jaws to 
prevent scratches spoiling the work. 

the wrong way up, as shown in Fig. 5. USING A REVERSED DIE 
TIle thread is completed with the Fig. 6 .  By reversing the die in the die stock, a 

finishing of the die, as in clean thrcad can be: cut  t o  the face of the shoulder 
on a square spindle. Spitldlcs requiring this Fig. 6 1  which how the die can operat~on are frequentlv used in variable con- 

by this method cut thc thread right up dcnscrs 
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\!'hen it is dcsircd to ;creTv a long 
Icmgth of rod the (lie can 1)c chuckecl in a 
lathe, as s11o\\.n in  Fig. 7 .  Tlie rot1 is 
lrcltl in a liancl vice or ot1lc.r convc~nient 
form of g r i~ ) ,  the thread stai-tecl 11y carc- 
lully rotxting the latllc 113- trand, and the 
111;ll; of tlic work finislictl hy trc;~dling 
\\.it11 tlics slo\veht >l)cctl cngaged, or, 
\vllcn a\.:lilal~lc, \\.it11 tlic, 1,acl; g e ~ r  in 
0l)cl~;ltiOll. 

Tllc Ixrgcr tlic,s, as slio\r.ii in 1-ig. .;, are 
;~sscml)lcd in thc 11ianll'l. illustrated in 
1;ig. 8 ,  b > r  unscrc\'i.ing thc, ~rctnining ring 
\~.itli the r igl~t  hand n.hilc lioi~linp tlie 1)ody 
01  tlrc stocli in the lcit. ?'II(> dies arc then 
(11-oppccl into place tlie correct w:iy uj) 
xntl t l ~ c  ring replacctl. The, stock is nest 

these operations repeated until a full depth 
thread has been cut. The screwing can 
then proceed to the desired length and 
the result testccl 1)y attempting to  screw 
a standartl-sized nut on to the thread. I t  
mill prolxtl~ly 11;~ppcn that  the screwed 
part is over size and the nut wlll jarii. 

Tllc clies will tlien havc to be tightened 
a little antl a light cut taken, again travers- 
ing tlie ~vork a few turns ancl then re- 
versing tl-ie direction of rotation and then 
on again, and sc) on until the ~vliolc has 
been screwed. This mcthocl of using 
the dies is pref~trable to attempting to 
cut a full tlil-cacl a t  once, as by so doing 
there is risk of tlie tlu-eads tearing and 
finisliing :n n vcry ragged statr. 

IFig. 7. 1~,011g t h i n  I-ods call 1)c -c rc \~- - thr~~nded  by the  metho(L illnstratrd above. Here t h e  die is 
l~eltl ill the  chuck of a snl;~ll I;ltlit~. 'I'11i. ~!~ctllocl is espccir~lly +uit;tl)lc wile11 t h e  lathe has a hollow 
n~antlrcl. It will be lloticed ~ i ~ a t  the c~pcrstor  :s holding :-he work by hand,  gripping the l-o(l 

\\-it11 a h a n d  vice 

laid on thc bench and th,. guide Ijusli Tlie sarne proceclure should 11e followed 
i~isr~rtcd ant1 secured 1c~iosel~- n i th  the sct- witli tlic -;mailer sizc used in the  circular 
xi-en., as sho1z.n in Fig. 9. Thij  guide is type of tlies. 
to  centre tlie rot1 and l~cll:, to kcrp it in -liter the thrc>ads liave been started 
line \\.it11 tllc dic, antl so gual-d ag:uinst the dies (:an be rotated by grasping the 
st]-ipping the thread. ?'lie nest stel) is to cnds of the Ilandlcs, as shown in Fig. 11. 
1)lace the \vork to be sci-c\vc.d in the vice On large work of, say, Q in. or over con- 
and place the stock in position b>. inscbrting siderable prcssbui-e is needed to  cut tlre 
tllc cntl of the work into tl-ie I)~~';l~iiig, as threads. .\ll tapping operations are essen- 
sllown in Fig. 10. tially the same, and Fig. 12 illustrates 

To adjust the die it is desirable to have the gener:il mc.thot1. A hole is first drilled 
:L piece of metal already scrcn-ed to  tlie in tlie n.c,rk to be scre\vcd, ancl this hole 
c.orrect size and to tighten the adjusting should Le sriial1c.r than tlie diarnetcr 
screws \\lien the die has I~eeil screwed of tlic screw. The actual size is linoxVn as 
on to this test piece. the tapping size, and details of tlicill for 

\Vllcn this is not possible the tlies should the  nlost commonly used threads in tlic 
I)e scrcwed up  tightly to tlre I-otl and K.A. system are gi\.en in tlie articlc on 
rotated I~ac!-i\\lards and for\vai-ds .L fc\r B.A4. SCI-(>M. Tlii-cads ( q . r l . )  and all others 
tinlcr;, again tightened anri 1-otritcd, and are gi\.en in ally standard textl~ook. 



'J~ICT;I.~OI-'\ right 1:antl is also apparcmt 

Fig. o. 111 r:rtlc.~- to  lcc1.p t l ~ c  (lie 111 li11c1 wit11 t l ~ e  xvork, thc. guitic L U ~ ~ L ' S C ~ ' I I  i t 1  the  uperatol-'s lcft 
I I ; I I I ( I  i \  i l~scstcd ~ L I I I I  :I loc1<11lg i111t rct~1111s i t  in 1111>itit111 

Fig 10.  I lon t h r  iiieh a l e  atlju\tt.tl tu cu t  lo the ~corrt~ct rl~,unctcsis il14)n.n. Tlie use of the speci;rl 
box spanner which is sul>plic.(l \\it11 tl!cl  i~l ; t l -uniei~t  helps to preser1.e t h e  for111 of the head 

of tile set-screw 
-- - ~~ - ~ - - . .- -- - - - - - -- - 

PHOTOGRAPHIC DEMONSTRATIONS OF THE USE OF A LARGE DIE AND STOCK 
i 

D 05 1 2 1  
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USING A LARGE SIZE DIE AND STOCK 
1;lg. I I .  111 constructing wireless apparatus such as the cooling systcm of an .arc transmttter, the 
larger type of die stocli nlay be called for. This illustration sliows how a thread is cut in such a 
pipe systern, the work being held in a vice and the operator gripping the extreme cnds of the handles 

to obtain the greatcit p11rcha.c 

The esperimcnter can purc11;ue the drills tap  WI 

by asking for a tapping size tlrill for the trated 
particular sizc of tap to be used. The txp pel 
tap is then inserted in the hole and thc axis of 

MANIPULATING A SMALL TAP 
I .  2 Above will be sect1 an c,xample of the corrctt \\-a), 
to manipulate a small tap and tap  wrench. Lead clamps 

are used to  protcct t h r  work u-liich is lx,ing tapped 

rcncl~ held ancl rotated as illus- 
in Fig. 12, taking care to kccp the 
rfectly upright ant1 in line with the 
the hole If thib is not (lone the 
c r e w  thread will be known as 
drunkeri-that is, not cut truly- 
and a screw introduced illto the 
llole ~vould turn with a jerky and 
une17en iliotion, or would not 
enter at all. 

'Tapsand dies sllould never be 
cr.owded-that is, they should be 
co;~xed into their place and 
gradually screwed down, revers- 
ing the direction of rotation 
from time to time, applying a 
lubricant when needed, and also 
wiping away any chips that might 
accumulate around the hole. 

The object in reversing the 
rotation is to break up and 
separate the chips and avoid 
clogging. The grcatcst difficulty 
fonnd by the novice in screwing 
\vjth dies ant1 taps is to keep 
thrx scren-ing tool in  line with 
tlic hole. This is best overcome 
by practice, and by looking at  
tlic ii~strulrlrrlt to see that it is 
upright and turning the holder 
regularly. .Illy attempt to force 
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thv die or thc tap will only- rc,sult in 
s t r i l )~~ ing  thc tllrcatl-that is, tearing off 
thc tops ol tllc, tlirc:acls or in ju~lijiing 1 1 1 ~  
il~re;ids, i.~,. c11tti11g tliein in 11aIf ~11cl lllz~li- 

ing, as it n-c~c,  two tllrcarls illstead of onc. 
DIRECT COUPLING. The coupling 

I ~ e t \ z ~ c ~ n  ! \YO 01- ~rlorc irlducta~~ces or 
circuits \vllcrc: t.oilnesion is 111,lde 11y 
rnc~tallic. c,ont:~c.t. . \n  cxamplc of direct 

e coupling is slio~vn in the 11gurc in 

"I 
t11c aerial tuning of a c:yst;il sct. 

T l ~ e  indut.t:iiice consista of 3 

0 
l o ~ l l e  s i r  IIcsrc: i:ietallic 
couplirig clsists 11ctn-c.e11 thc b aerial tuning in- 

ductatice, r-r3prr~rn- 
tcd by ;\C, and thc 

! tclcphone (circuit, 
rcl~resented t ~ y  BC. 
T(~chnically, thii 

- I~I;L\. be d(zsci-il~ed 
Do,lt,lc..;litlcr cr!...tsl as t o  st.l>aratC 
receiyc,r, n.it1, tlil-cct circuits foriucd by 
c n u I ~ l i ~ l i  t:ctn.c.c,n i n -  -115 (111 oilc- hand, 

I t  I ,  1 anc1 I3C tile 
- - 

cther. The advan- 
tage of t l~ i s  arrangcmcnt lirs in greater 
wlecti\.ity and morel ~)ro~lounced sliarp- 
ncLss of tuning. 

In electrical ailcl n~t~clia~lic,al engi~lccring 
\\.llcn tlic nizrin sll:ilt of a generator or 
similar ni;lc.lline is tlirec.tly attached to 
a motor or pulnlj o r  othcr form ot power 
coii\.c~rsion, it iy said to be dirwtlq- cou~jlcd. 
.SLY (o11l)li1i~. 

DIRECT CURRENT. Tcr111 usually 
applied to an r,lrc:t~-ical current tlowing 
stc,atlily a~itl continuously in on(, dil-ec- 
tion. Conimonly l<~~o\vn as I).(:. I!irect 
c.urrcl~t, i l l  I;~c,t, is 1 1 0 1 ~  hcld to 1:c s>,ilon!.m- 
ous ~vitli continuous current, but in the 
si :~ncI:~r(l i / i~~g I - 1 1 1 ~ 5 . ;  oi tli(: A.I.E.IC. (1907) 
a ilistinc.tion n.;r s i r ~ t  roduced I:ct~v\.c en tht, 
two, " tlirisct " I~eing ~ ~ s c d  ;is ;I general 
description of unidirc.rtio~i:~l cui-r-~.~~ts. ; I I ~  

" contii~nous " Ir ing applic~l more par- 
ticularly to " stcatly or 11on-ptilsating 
tlircct current.;. " 

'l'lic no1.ic.e ill wireless can c onsideu 
a clirect cui-rc'nt as one that  is produc-cd 
hy a t l r~ .  11attc.r). or accumulator, or t 1 ~ 7  :I 

dircct current gcnerator. 
1)irect currents are necessary fc~r such 

11u1-1)oscs as recharging a storage t~at tcry ,  * ligliting the filanicnt of a \.alve, 2nd for 
the anode current flowing through the 
anode circuit of wireless apparatus. Other 
applications include tlie encrgization of 
relays antl sonic forrns of crystal detectors, 

such ,IS carboruildum. See .1lternating 
Currelit ; Current ; Ilynanlo 

DIRECT CURRENT GENERATOR. -In 
electrical maclliile designetl for the pro- 
tluc.~ior~ of uniclirectional currents. I t  
consists of a revolvi~~g armature usually 
havin.g a aeries of longitudinal slots. 111 
these slots are laid a nuinhcr of wires 
c:onnec:ted a t  their ends with n number of 
coilli~lutator segmcmts corresponding in 
~x)sition and nurnhcr to tlrc slots. As each 
particular slut passes a field magnet 
rlur-ing the rotation of the  lorir~er a delinite 
polarity of curreilt is cl-eatecl. This current 
travels to tlie s(,ction of the coinmutator 
to \vllich it is altaclicd, xild is led off by 
carbor~ or sinlilar b r ~ ~ s h e s  to the cxternal 
circuit. 

A1 machine ot this type is s11owi-i in the 
photograph, illustrating a scu~i-c,nclosed or 
protcctcd gcnerzitor. I t  is protected on 
the c'olnmutato~- side by a gauze ring 

PROTECTED DIRECT C U R R E N T  GENERATOR 
-4n rlt~cti-ical machine used it1 the produc- 
tion o f  ciil-ect c~i r rcn t  antl kn0x.n as a D.C. 
g'nr.1-star is ~ho \<-n  above. This is of the pro- 
tectecl or semi-enclosed typc, nrld i h  made by the 

l<ngli.;l I Electric Company 

clearly seen in the i l lnstrat io~~. An iron 
ring bi~lted to  tlie top ot tile nlacliine is 
used in lifting it about before finally 
bolting in posjtion. Tlic small box on 
the sitle ot the machine houses the con- 
nexions to the mains. Sce Alternator; 
1)ynalilo ; Gcncl-ator. 

DIRECTIONAL WIRELESS. The direc- 
tional transmission of wirclcss signals has 
always been a matter of supreme interest, 
and is now ~.apidly conlirlg to  be one of 
paramount importance and commercial 
value. It  is a problem beset nit11 many 
difficulties, for the distailce or- location of 
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a wireless transmitting station mav be 
seriously misjudgcrl if csstimated by signal 
strength alone. More accuratr rr.sults are 
achieved by crnploying tv.0 or more 
direction-finding stations, on tlic Lriangu- 
lation principle o l  ordinal 1. surveying 
practice. 

Hertz, in his original rcseaiclics, tleinon- 
strated that electro-radiation colild be 
reflected I)y rneans of inirrors, anti, later, 3 
Marconi carried out various experi~nents. ////////////////////////, 
transmitting a nireless " 1)eam " 10 CI DIRECTIONAL A E R I A L  FOR TELEFUNKEN 
considerable distance by the use of coppcr COMPASS 
parabolic mirrors. For long wave-lengths. 1;1g. I .  Seen In ?cctioli t l~ isar rar~sement  appears 

4 
Ilo\vcver, the use of a mirror \lras found to l ~ k e  a pyranlid, the sloping sidcs of which 'are 

the aerial wires of the utnbrclla aerial. The 
tlirectiooal aerial wires are between the base of 

the mast ant1 the side of the  pyramid 

found to be greater in a direction opposite 
to that in which the horizontal limb of 
the inverted L is pointing. 

More accurate directional wireless de- 
pends upon the radiation of two or more 
aerials, the currents in which bear definite 
phase and arriplitude relations to one 
another. 5. G. Brown de~nonstratecl that 
a system of two vertical aerials connected 
to a spark-gap and spaced half a wave- 
length apart was found to have rnaxiinuin 
1,adiating and receiving properties in the 
plane of tile two aerials. 

.A mobile wireless station inay find 
its bearing f r o ~ n  a fixed transn~itting 
station \\,it11 a fair dcgree of accuracy 
1jy the Bellini-Tosi Radiophare. The 

PLAN OF UMBRELLA AERIAL principle of operation involved is to 
Fig. 2. Where the dots occur it] the radiating LLrrange tllat the directioll of lnasimum 
lines, reprcscrlting the aerial wires, insulators are 

inserted a t  the inner and outer circles radiation I'rom the tra~isrllitting station 
sha.11 be contin~~ously rotated at a constant 

t ~ e  impracticable, since the size of the mirror 
must be comparable wit11 the climensions of 
the wave-lengt h employed. About 1899 
to 1902 screen reflectors met with some 
success. These consisted of vertical wires 
spaccd about the transmitting aerial in 
the for111 of a parabolic screen, and 
arranged so that t l ~ e  trans~nitting aerial 
was at tlie focus. Modifications of this 
incthod are still in use, but orily for n-ave- 
lengths very small in coinparison with 
those nor~nally used for colnrnercial n-ire- 1 
less signalling. 

Later investigators ~nade  use ot hori- 
zonta., inclined, and bent aerials, of which KKENTWOOD DIRECTING AERIALS 
the rnost promising provecl to be the 3. Diagol~al wires of the direction finder 1 
inverted 1- t~ ipe  aerial. If the horizontal are suspended from the four corners of the cage 
liIllb Of type of is made con- aerial system, which, as seen in Fig. 4, fornls a 

square. These diagonal wires arc part  of two 
siderably longer than the vertical portion, loops which lead in to  the receiving apparatus 
the radiating or receiving properties are in the instrument hut 



DIRECTIONAL AEKIALS AND MASTS AT THE MARCONI STATION AT BRENTWOOD 
Fig. 4 .  Brent\vootl is a \\.ell-known station belonging t o  the llarconi \Viseless Telegraph Con~pany. The 
aerial above is a combination o f  a l i o r i~o~ i t a l  loo11 and a diagonal cross. It is of the cage type, and the 
wires going diagonally across the aerial squnrc are used for directional purposes. This is a receiving 
aerial. The above pllotograph slio\vs clearly nlost of the aerial m-il-es, but owing to  their position 
clo5e to the qruund tlic diagonal lcading-i11 wires cannot be seen. Refel-ence should be made to  the 

diagram in Fig. 3 

MAKCONI COMPANY'S DIRECTIONAL AERIAL AT CADlZ 
Fig. 5. Directional opcratiorls are carricd out by thc XIrtrconi \Vireless Telegl-aph Company a t  their 
Cadiz station. The aerial is shown above. This is an adaptation of the fan type, and was designed 
t o  be directional with the wirclcss station a t  Las Palmas, Canary Islands. The lead-in wires can be 
distinctlv seen on the right being carried away t o  the instrument room, partly seen in the right- 

hand bottom corner of the photograph 
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'speed in a clockwise direction. At given loop or frame aerial. When a loop aerial 
intervals, corresponding to a known bear- is rotated about its vertical axis the 
ing, a distinctive si,cnal is transmitted, strength of the signal will be fmnd to 
and any ship or other mobile station vary, being a maximum when pointing 
suitably equipped is thus enabled to find direct to the transmitting station, and at  a 
~ t s  bearing irom the transmitter by noting niinmlum strength when at right angles to 
the signal correspondine to ~nasirnun~ the transmitter. 
signal intensity. The dir.ectional receiving aerial shown 

The Telefunken compass nialces use of a 111 Figs. 3 and 4 is at the klarconi Receiving 
series of directional aerials radiating from Station, Brentwood, Essex. This aerial 1 
a single mast in the manner sholvn in is a combination of a horizontal loop and a 
Figs. L and 2 .  A t  prearranged intervals a diagonal cross. The loop 1s in the form of 
time signal is transmitted on the non- a square, supportcil on steel lattice masts, 
directional aerial, and this is immediately tfie aerial itself being of the cage type. 
:lollowed 11v a scrics of furth(,r signals sent Besides this loop, wires are stretched 
.at intervals ol one second on c;tch o f  the tliagonallg. across the square, forming the 
cdirectional aerials in turn. There are 3 2  directional part of the aerial 
,of the latter, corresponding to the points By the use of an aerial of this type, 
of the compass, and the direction of trans- not only can the direction of a signal be 
mission will therefore rotate once in found upon, for instance, N and S Line, 
32 seconds, and 1s arranged to start and but it is possible to differentiate betwcen 
finish in the direction of duc north. N and S individually. I t  will be noted 

Ship stations employing triis system arc that this is an advance upon the dircc- 
provided with a special stop watch having tional properties of the ordinary vertical 
the dial marked out in tlic form of a loop, by the use of which it is possible 
compass, the finger or pointer of which to ascertain only whether the signals are 
rotates once in evcry 3z secontls. LVT:hr:n the corning in line with tlle aerial and not 
time signal is first l~eard the listener from in front or 1)ehind. 
starts l~is  stop watch, and a i  soon as the Fig. j shows the aerial and lead-in of the 
signal has reached its masimu~n strengtli ASarconi Telegraphy station a t  Cadiz. I t  
the watch is stopped. The position of the will be seen that the aerial is an adapta- 
pointer on the dial tviil then indicate the tion ol t l ~ c  fan type. It was designed to 
clircction of the transnlission at  that be directional wit11 another station of tlie 
instant, thus giving the ship's bearing same company at I.as Palmas, Canary 
with regard to tlie transmitting station. Islands, \vith which station Cadiz invari- 

1)irectional wireless is possible to a ably communicates. See Aerial; Hellini- 
limited extent by the use of the simple Tosi Aerial ; Frame Aerial. 

DIRECTION FINDERS : PRINCIPLES AND PRACTICE 
An Important Modern Development in Wireless Work Fully Described and Illustrated 

Directional transmission and reception of wireless signals is a matter of supreme 
importance and commercial value. Here the latest developments in modern 
direction-finding instruments are clearly explained, with special reference to the work 
of Senatore Marconi. See also Directional Wireless and such related articles as 

Bellini-Tosi Aerial ; Goniometer ; Short-Wave Transmission 

Aerials so consti-ucted as to Indicate the 
direction from which wireless signals are 
,coming arc ternletl direction finders. A 
transmitting aerial of the coil type will 
produce the inaximum intensity of field 
in its plane, and the minimum at right 
angles to it. In a similar manner a 
receiving aerial of the coil type will 
have the greatest current produced in 
its circuit when it lies in tlle same 
plane as that in which the waves are 
propagated, and the minimum amount 
of current when its plane is perpendic-ular 
to this position. 

L%s expla~ned under the heading Direc- 
tional Wireless, if a coil aerial is made 
capable of rotation ahout its vertical axis, 
zero streligth of signals will be received 
when its plane is normal to the direction 
from wliicli the waves emanate. 1 

An example of a direction finder can be 
l~istanced in the Bellini-Tosi goniometer, 
which is designed to obviate the necessity 
for actually rotating thc aerial itself in il 
order to locate the direction of trans- 
mission. 

I t  consi.;ts oi two exactly sirnilar coil 
aerials set a t  right angles to  one another 
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Assuming that  the incoming electro- 

rnag~~et ic  waves are harmonic, i t  follows 
that  harmonic clectro-motivc forces and 
currents mill be induced in the respective. 
I-ircuit.; A, and A,, and therefore t h e  
current in that aerial whose plane is, 
inclined to the direction of these waves. 
will be equal to that  rcceived by a n  aerial 
whose planc is actually parallel to the wave ., direction n~ultiplied by the cosine of the  
angle existing bt:t~veen the wavc direction 
and the aerial pl;inc. 

The signals will be practically ex- 
I tingui:,hed when the normal to the plane of 

coil I< is para1lc.l to the direction of the 
\\-a\-es. while m a ~ i m u m  strcngth of signals 
will r c d t  wllell the normal to the plane of 
K is a t  right angles to the direction of the 
inconlir~g waves. M'hen Id, and L, are 
parallt.1 to :I, and A, respectively, the, 

PRINCIPLE 
Fig. 1 .  Two coil ;~c,rinlz: es;lctl!- sirllilav are sc t a t  - - - - 
t-igl~t ailfiles l o  c;~c:h other. Ind~ict .~nccs a t  
L L ,  L2, a]-e 1)otll himilai-, a11d connected i n  

sei-ivs \\.it11 the two aerials 

(as s l ~ o u - ~ ~  cliag~-an~maticaIly in lq'ig. I). 
ICach is conllec~tcd in series with similar 
inductance coils, I,, and I>,, a1111 :'. itll 
1-ariahlc c~olltl(,i~sc~rs C, and C,, gi\ 111g tllc 

thc ;~rra l lgc~~ic i~t  lor another coil, I<, \vhicli 

usual facilities lor tuning to tllv iilto~ning OF DIRECTION-FINDER 
\va\,e-lerigth. Tlie coils L, ant1 I<, arc con- Fig, 2 ,  Foul. coil, are here seen a structed in a s~:eriril inanni5r, gi\-en ill detail fiftll L (  il, I<, i n  ceI,tre. I< is rotated its 
in Fig. 2 ,  spacc l)c-illg k i t  ill the ct311tSc? of axis, is tur~cd by :i conden>cr, ;tntl is connected 

t o  the  dotccting circilit 

is capal~le of I:eins rotatcci I-olmd its axis. 
Coil I< is connectecl to a tuningconc.len~er. result is the  same as though the \\?hole 
to wllich is attached the detecting circuit. sys ten~ of coils was reduced to coil I< 

:Is I< is rotated, tlie signal strerlgth will alone, used as ari aerial. 
vary, for tlic Sollo\.iing reasons. 1f L, m d  By f~t t ing  tht. coil I< wit11 a suitahly- 
L, in Fig. :; rcpresc~lt the l)l;i~ii.s of the cali1)ratecl dial and rotating the coil until 
stationary roils, and I< that  ot ?lie ~ ~ i o v a b l c  the n-pakest sigiial effect is produced, t h e  
coil, it  is first assunlcd that  the coil aerials direction of the incoming waves nlay be 

$p -2, ancl :I, in Fig. T are so placed tllat the dcterniined wit11 a colnparatively small 
plane of .\, is p;lrallcxl to that  of L,. I t  is percentage of err-or. 
also assumed tlic coils L, ant1 I,,, and the I t  is, of caul-sz, evident tha t  tlie above 
condcilscrs C, and C?, with t lleir ~.csj~ectivc method falls short in one essential particular, 

Q) aerials ;\, ant1 .I,, are so adjusted tllat each in that it does no, elin~inxte thc uncertainty 
circuit has a natural ~va~e- l eng th  t,clual to as to whether signals are being recei~ed 
tllat of tlic inconling \va\.er-in o t l~er  Irom ;1 station at  a 1)oint in front or 
words, that tlic~ circuits of the two aerials beliinc! the operator. This is the " 180- 
are exactly siniilar. degrre error," and is provided for by the 
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following arrangement, illustrated in Fig. 1. 
This figure represents the coil acrial, 
ABCD, also a vertical wire aerial, FG, 
connected to earth in series with a tuning 
inductance, H, and key, I<. The inductance, 
H, is loosely coupled to the coil, N, which 
is inserted in series with the coil aerial. 
The various operations in obtaining the 
direction of waves received are described 
as follolvs : 

Turn the coil 
aerial into some 

' -2  

SIGNAL 
'4. 
0 

STRENGTH 
VARIATION 

1:ig. 3 .  Whcn the 
coil I< is rotated 
variations in 7ig. 

nai strengtl? occur for rcasons described In thc tcxt 

position where the 
signals may be 
easily heard, and 
tune the aerial 
clrcuit to the in- 
coining w a v e - 
f r e q u e n c y  by 
means of the con- 
denser, P,  Iiey I< 
being operi at  the 
time. \Yit hout 
changing the con- 
denser adjustment 
then close key I< 
and adjust the 
tuning induct- 
ance H unti! the 
circuit ot the ver- 
tical aerial, FG, 
IS also tuned to 
the same wave- 
frequency, which 
will be denoted by 
nlaximuln noise 
~n the receivers 
attached to the METHOD OF TUNING 
cletecting circuit. DIRECTION FINDER 
The next step i.; Fig. 4. T h i s  s h o w s  
to I)ell key 1.; alld diagramlnatically the 

arrangenlcnt lor avoid- 
turn tile aerial, ing the 1 x 0  degree error 
ABCI), until the a s  described in thc text 

signals are either entirely extinguished or 
hecome a miniinuln. \Trhen in this position 
the normal to the plane of ABCD represents 
a line parallel to the direction of the waves 
l d n g  received. 

\Vith the key I< still lelt open, turn the 
aerial ABCT) into a new position 90" away 
lrom the one last occupied, which will 
result in inaxi~lluili strength of signal being 
received. \Vitli the aerial still in this 
position depress key K,  when the signal 
strength will then either increase 01- de- 
crease in con~parison wit!l the observations 
lust taken, according to the exact direction 
from which the  waves are arriving. If the 
waves increase in strength upon closing 
I<, the signal arrives from the one 
tlirection, and il thev decrease in strength, 
they must then be arriving from the oppo- 
site direction. Prevlous calibration taken 
irorn a station of known position will then 
indicate the orientation. 

The d~rectloil 
finder illustrated 
in Fig. 8 is a 
standard marine 
instrument made 
t)y the hlarconi 
IVireless Telegraph 
Co., Ltd. The 
aerial system used 
i n  c o n j u n c t i o n  
with this set is 
shown diagram- 
nlatically in Fig. 5 
It  will be seen 
from this illustra- 
tion that a forin of MARCONI DIRECTION.  
double loop is used. FINDER A E R I A L S  
ISach loop is of Fig. 5. Two loops are 
triallgular forma- cmployed in the blarconl 
tion, and direction-finding system, 

as illustrated in the above 
are placed at  right diagram 
angles to one an- 
other. Underneath the aerial loops there 
are two smaller Loops, which are kno~vn as 
the field coils (see Bellini-Tosi Aerial, page 
230, Fig, 6;1.. These are really part of the 
set itself, and are not actually placed 
immediately underneath or ;u the same 
11lane as the aerial, but are merely slio~vn 
here to in(1icate how they are wired to 
the loops 

Reference must be made to Fig. G to 
nndersta~~d this fnlly. Fig. 6 is a circuit 
diagram of the direction-finding sense and 
tuning arrangements in the receiver. The 
connexions from the loops to the respective 
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The taking of bearings upon 
any station from which signals 
are being received is carried 
out in three distinct operations. 
Referring to Fig. 6, it will be 
seen that a threc-way s~vitch is 
fitted, the studs being marked 
" D.I;.," " stand-by," and 
" sense " respectively. For 

rn the first operation the switch 
is sct in the stand-by positio~?. 

- Rj7 doing this, the mid-point 
of the loop aerials and field * ~cindings is connectcd to earth 
via tile sense coil, which latter 
constitutes a second primary 
of the high-frequency trans- 

CIRCUIT DIAGRAM OF DIRECTION FINDER former. 
Fig. b. Sense and tuning arrarlgements are shown in the al~ove The inconlillg re- 
diagram. Connexions are apparent from the loups to the crivcd up011 the loops consist 
respective field coils. The transformer is illustrated in Fig. 14  of t r ~ o  distinct impressions. 

The first has little or no effect 
field coils will bc noted from this illustra- on the search coil ; it merely aficcts the 
tion. Reverting once more to the aerials, aerials in their ordinary capacity as aerials 
it is usual practice to  aline the lclops so pure and simple, and is tratlsfcrrcd to the 
that one runs directly fore and aft, tht: detector-amplifier via tlie sense coil and 
other bc.ing a t  right angles at11w:~rtship. thence to the telcphones. 'I'he second im- 
The top point is supportecl fro111 any pression is induced into thc search coil, 
suitable beam by ineans of insulator.;, where it travels to the same destination as 
and the lower corners by any convenient the first, but  viii the primary winding of the 
anchorage available. air-core transformer. This second effect, 

I t  is not rsscntial, or e17en de,iral)le, ho\~~ever.  i s  verv small compared with thc 
that  thc acrid should I>e placed in the 
wireless cabin. Thc four -!e;ids of the 
lierial arc brought to the four tcrlninnls 
marked aerial upon the receiver. These 
terminals are in turn connectcd to t h t ~  
field coils, which are shown in thc 
~~llotograpll, Fig. 7. The two individua! 
windings arc placed a t  right angles in 
the snrnc way as the aerial loops. Another 
coil is arranged \vitliin the space bounded 
by the ficltl coils. This is kno\vn as the 
scarcl~ coil, and is cxpable of rotation 
about a vcrtical axis by the knob a t  the 
top of the spindlc. 

Since no metallic connexion 
c-xists between thc ficld ant1 
search coils, the combination 
may be considered to he a n  
air-corc~d high-frequency trnnsfornle~ , 
of \vhich the fivltl coils for111 till. 
primary and the search coils thi. IIARCONI I)IKECTION FINDER 
;rcondary. The :car& coil is itself l:ig, 7. ~l~~ tli;tgranl ill shoul(l k,e .;rutlied \vitl, 
c~o11nc.i-ted to tlli, grid a11cl fil-tmcnt of this pllntograpl~, \vhicli giv,-s a close-up view o f  tlie Geld 
the first lliglr.frecllli~llcy anlp!ifyjnK and search coi!s. Corltact to the mol-iug search coil, 
valve in u5nnl way, .rllc whicll rotates \x~itiiin the ric!cls, is niatle by a piece of 

n-irc. 1-11t11)ing ayainst the spindle end, hc!d in contact by 
rletector-amplifier is a standard ill- a spir;~l spring 
,trument, and will be described later ~ u i r r ~ c r y  dlarco~tr ~ t r e l e s i  7'clr;.rnpk Co.. ~ t a  
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first, with the result that  a lxn-cly non- or niinirnun~ strength. As tlie nlillimum 
directional reception is produced, the is rather more sharply defined &a11 the  
object aimed a t  being merely to pick up  maximum, tlic gcnclral practice is t o  tune 
a signal. it to the, former. 

The desired statioIl having I,eell t,lllrid .In exterior ~-ie\v of the field and search 
in, the su,itcll is in th,: u.1:. ~ o s i -  mils is giT-ell in li'ig. 8 on the extrernc left 
tion. In this position the seLlse winding of the slopirlg l ~ ~ n e l .  l'hc operating knob 
is cut out of circuit rIltircly ,'see Fig. 0) .  arid tFie dial \\,liich surrounds it will be 
The of this, therefore, is to llass the noted. T l l ~  latter is divided into degrees 
currents received by the lotlps the in a siillilar Inarlllcr to the compass. The 
reccivfr itself, oIl]y via tht% searc1l coil, pointer x~~l i ic l~  indicatrs the position of 
the 111id-poirlt corlllcsioll being this t i~lle the search cuil is the longer one, shown in 
eartllcd, The relation of tile srarcll tl1i.i instanct. horizontally. A S C C O I ~ ~  posi- 
with the field coils is such thai: tile formc:r t i m ,  at  right angles to the other, will be. 
is only aft'ected by the currcllts \vl,en it nc'ted. Tlii-; is markcti " sense," and tliii;. 
actually l ies  ill the same plalIe \\.it11 the comes into use \vllc~l the three-TV~Y switch 
direction from l~li ich the rc(,ci\.cd signals is put over into th(. sense position. 
are coming. I t  rrlnst be untlcrstood tliat I t  has previousl], been c ~ p l a k e d  tha t  
tach aerial receives most str,illgly those sp far 0111~ tllc plane @f tbe incoming 
signals which come from a I~c,int in line signals has teen ascertain~d. 111 thc case 
\$-it11 it.  oi an E.-Il'. signal, for cxarr~plr, 110 in- 

Assu~rling that  tllc trallsnlittillg statioll clil.atio~? has been givcn whether it actually 
lies rnorc closely in line with one :~erral, radiates froill the east or u-est indivitlually. 
then that  aerial \vill be. tqlc.rgizt>d rn~ich Tllereiore it \+-ill be seen that, rotatin6 
nlorc strongly tIl:ul~ another. I t  will t l ~ e n  the search coil, two lniniina and twoi 
natur:~lly follo\v that t l~ t .  lic,l,l coils will masirna may be found, c~ach being $ 3 ~ ~  
1)c c~lcrgizcd most stro~~gl?;  ~ j . l l t l l  i t  lies apart fro111 one another. 
in sucll a 1)ojition that it c.nlbraces the In esplaining the effects prodl~~lpd when, 
field of \\rl1ichcver fitld coil i.; itself the the thrcc:-\va~~ s\?-itch was in t4q stand-by. 
!IivrC s t r o ~ ~ g l y  e~i(,rgized. Tlicri.fortx, \\hell position, it will I)e rernenlbqred that  twol 
the sc~arch coil lics ill line kvjtll one field current comporients, one larger than the 
coil the cnrrcnts fro111 the corresponding 
aerial will be inclucecl in it ; i l l  all!. otllcr 
position the currtLnt \\.ill 1)c nectkcr, until, 
when it lit,.; :it right angles, no current 
~vill l)cs illtlucetl a t  all. 

I t  is 1)y no means a usual thing for 
onc of tlic loops to lie directly in 
line wit11 thc rcceived signal, ant1 when this 
occurs thc acrials and their correspcnding 
fic,lds arcL energizccl in proportion to the 
cosil~cs of the angle formed bcltwecn the 
11l:lne of the: :~c.rial and tlie dirccrioil of the 
transn~itting station. Thc field set up in 
such ;I case, then, would lie bct~vccn t h ~  
;tctu:ll fic,ltl coil.;, ancl would be nearer 
whichever coil was the more 
strongly energized. Should thc 
oncoming siglinl lie in a plan(, 
midway l~c-t~\ .c~cm the coils (at 
tj" to them), then that would 
Ile the position o f  the strongest 
field, and it \\.onlcl I)c to that  position thCrl SH,lP?S DIKECTION FINDER 
the searcll coil would hart: to t ~ e  rotated ~i~ 8,  Oz1 most long-vovxgc vcsselR 
to be energized fully. diuectio~l-finding apparatus is invaluable when 

The oper;rtor, tllercfore, c,irl find out approacliil~g p r t  in foggy ~vcathcr. The above 
accurately tile plane ill lVhicll receiv,.d i n ; t n ~ n ~ e ~ l t ,  n~:ilie by the IIarconi 1Vi1-elrss Telc- 

gml'll Cc~npari!-, consists of four high-frccltlency signals t r awl  114. r o t a t i ~ ~ g  his s,,arch coil ,,I ,.,,, a a,id one lo.iv.frcquency, 
until those signafs arc a t  cither ina~inlun3, aerial is s!low~~ diagl-amn~atically in Figs. 5 and 6 
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other, were prcduced. The changing over A description of the dctcctor-amplifier 
of this switch now to the sense position will now be given. A view of the  complete 
inserts a high resistance into the earth instrument is sho\z;n in Fig. 8. The direc- 
lead of the bigger component, and this tion and tuning arrangements are placed 
will reduce this co~llponent to such a in the  sloping panel. The left-hand com- 
value that it can be comnared \\.it11 the nartnlent is the 1).F. instrument, and the 
second, tlic latter having dp to this period 

' 

been so weak compared with tlie other 
that  no account was taken of it. Tlie 
cffcct of this is that  only one n~inimurn 
reading in the whole 360" turning 
movement of the search coil will be 
found, and t11is occurs when t11 
current in tllr primary of the high- 
frequc-ncy transl'ormcr. nhicli is 
connecicil to the search coil, opposes 
that  in the sense coil, for it mill hc 
ren~eml>crcd that  the sense coil is a 
sccontl PI-imarv \vinding of that 
transformer. 

The search coil Iiaving Ijeen set to  
tlie single minimum position, it will 
be fourld that the pointer rnarked 
" Sense " will roughly indicate 
the previous position of the 
scarcl~ coil pointer tvllen the 
three-way s\vitcli was in the 
11.F. position. Tlie fact 
ih:it this reading mav range of the dircctio11- 

not exactly t:oincid{, fi~ldiilg i n s t s ~ ~ n l c t l t  is 
covcrccl. It is co~lstructed 

Wit11 the ~('arc.11 ('oil ~hear i l~-  iindced, t o  reIldes 
reatling is ilninateriai~ it immune from any  changes of capacity ~vllich 
for latter have [pen 11,jted 1,) might, in a lightly built i n ~ t r l l m e n t ,  be due to  
the operator ~vhen hc was worl<i~~g in the n a r p i ~ l g  plates 

(. ilrr:e\1, .I inrco>ii  I$-i~elrsr Tciecrnfik Co., Ltd. 11.1'. position, and tliii; second reading 
serves only to  indicate wliich of the two dial sllown near tile centre 1s the control 
possible readings, nrl~cu in that position, of tile variall~e condenser for tunillg 
was correct. purposes. The thl-ce-way control switclr 

I t  will be seer), tlitm, that  ilic exact is in the ccntrt. of the right-hand panel. 
direction of tlic signals has been located, Tiiis is a three-way key switch, and the 
and since one loop is in line with the keel positions are intlicated by the engraving 
of tlic ship, the direction which the ship sho\v11 on the panel. 
is travelling with respect to some land At the rear of the cabinet is a vertical 
station ]nay t)e cstablishcd. The ship panel. to hvhicli the receiver-amplifier is 
may then be guided on her courscL by the attached. C,ontrai-y to general practice, 
operator in:lic;~ting to the captziin the the stages of arnplilication arc arranged 
position of tlic ship ivitli regard to the fro111 left to right, instead of the mort. 
land station. Furtherillore, if ail S.O.S. usual riglit to left arrangement. Tlie 
message were rcceivcd, the  direction first four \-alves are V q ' s ,  and are high- 
fundcr will locate the exact position of thc frequcncy amplifiers. These particular 
distrcsscd vessc~l and help can immc:diately valves are very useful for high-frequency 
1)e given in thc: shortest possible time by amplification on account of their low 
rilerely follo\i;ing the direction of the self-capacity. The advantage is due to 
received signals. the absence of the usual \.alve legs, the 

The standard wave-length of the re- four connexions being made to brass caps . 
ccivcr is 400-1000 metres. The \rhole ol placetl at  opposite sides of the glass 
this range is covered 1)y the large variable surrounding t11c valve. Air-cored trans- 
condenser, which is shown in d<:tail in former coupling is used on each high- 
Fig. O. frequrncv stage Fig. 10, which is a rear 
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KEAR V I E W  OF P A N E L  OF MARCONI DIRECTION FINDER 

F i g  1 I.;tirl on its f:~cc is the panel of tlie apparatus, slloming the interior of the detcctor- 
;~mplifier. 'l'hr c>.!indrical high-lrcqnency transformers arc of the statldard XLI-coni pattrrn. The 
potentiornctc.r 1.; of the type in lvhich a variable contact is made by a quick thrcad r ~ ~ b b i n g  against 

tlic hare reiislznce wire upoll a flat former 

view of tlic panel In question, clearly the circu~t diagram, Fig. 11, clearly 
shows the four cylindrical high-frequency indicates. The knob controlling the 
transformers. .Is these are of the potentionleter is shocvn at the top of 
aperiodic tl-pc, no tuning is necessary. the left-hand side of the vertical panel 

The fifth valve, whicll is a Q, is inFig.  8. 
the detector, ant1 the sixth, which is an- I t  will 1)e fount1 that but little adjust- 
other T7z4, is tllc. note-magrlifying valve, ment of this control is required after the 
Commcrn high-tension current, supplied i~ l s t ru~ner~ t  has first been put into use, 
1)y a 59-volt battery, is apylietl to the ;ind the points found at which best 
anodes of all thc valves. ri potential reception is obtained. Occasionally, strong 
is applicd to tllc grid circuits of the four signals fro111 near-by higli-powered stations 
Iiigh-frcqucnv a~nplifying valves 11y nleans which are not required nlay be tuned 
of a potcntiomcter. Thc latter is con- out by its means, hocvever. This should 
ncctecl across the lo\\.-tension battery, as 11c done in conjunction 114th the filament 

(r! 

(I 
CIRCUIT DIAGRAM OF MARCONI DIRECTION FINDER 

I;ig. I I .  Foilr of tlic valves in this arrangcrnent 'Ire of the V r q  type and are high-frequency 
amplifiers. The fifth \7a!vc is o f  the Q type The sixth, which is a note magnifier, is a V24. It. will 
bc seen tliat the aricdes of all the valves are supplied from one high-tension battery. The voltage 

of this baitel-y is 59 
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resistance. This methorl of tuning 
should only 11e necessary nlhen tuning lry 
the main varinblc c-ontlen-er proves 
insufficient. 

i\ switch for putting t l ~ c  note inagniiier 
in or out of circuit as required is provided. 
This may be seen irn~ncdi;~tely to the left 
of the potentio~iletcr knob. Mattesy 
current is saved 1,y its use, lol- man!- 
signals will he iufficicntly lout1 n.itliout :I 

note n~agnificr in circuit. 
Tho transnlittcr on s l ~ i p  1s in\-ari:~l~lj, 

situated in vei-5. clo.;c prosinlit3 to tilt. 
1-ecciver, and on this account protection 
for the latter is necessary to guard against 
any licavjl currc~nts induced wlnc~li may 
Ile set up in the rcccil-c:r nindinjis. The 
protectivt, tlcvice used in this instance 
takcs the form ot' an t:arthing rtkla!.. 

EARTHING RELAY 
1;ig. r ~ .  Relay apparatus as here sho~vn i b  uscti 
in the dir-rction finder for ~>rotecting the delicate 
windinjis it1 tlie rccrivcr from ariy heavy >tray 
iritiucetl currents from a near-by tra~lsniittirlg 
set. The device is controlled by the scvcn-stud 
switch, 2nd current for the relay comcs fro111 

the L.T. battcry 
Co~rr ldsy  . l!nrru>r~ M'i:e!eas I'p/e;rapI& Co., J.1d 

The seven-stud switch sllown on the left 
of  tlie vertical pancl controls this dm-ice. 
Current for the relay is obtained Ir-om tlie 
filament battcry. Ample protection for 
tlic windings is given when the 1-elay is 
not energized, for in this condition the  
lour ends of tllc loops and the telephone 
receivers are earthed and short-circuited. 

Any ship on rvhich a l).F. al~paratus 
i s  fitted has, as part of its cquipnlent, a 
switch which 1)uts thc 1l.F into use or 
not, as m a y  be rt:quirrtl. iY1ic.n thii  
snitcli is c.losecl llle eartllcd connexions 
Ironi the loops and telcpliones arcx auto- 
nlatically rcnloved, thus 1-endcring the 
I1.F. instrunlent ready for use. A I'urther 
unit of tllc apparatu.: is shown in detail 

CALIBRATING CHOKES 
I'ig. I 3 .  Cliolccs a s  here illustl-at(~l ,Ire used to 
ndjn%t the aerial chal-;~cleristics so tliat 11otll 
assume identical clcctrical properties. 'Tlii.; is 
r~ssentlal for accurate direction-firider recrptinn 

('o~rutesy .1l<rrcc.111 Il '~rcless 7'eirgrapk i'o., L:li 

in Fip. 13. Tliis is linoi~ll as the " calibrat- 
ing cliokes " ccoinponcnt. Thc choices con- 
sist of a pair of rvindings, each wit11 five 
tappings, wouncl upon an chonite former. 
Thcir use is to adjust the electrical 
constants of the loops so that  they are 
exactly sin~ilar clcctrically, despite slight 
iilllerent differences due to  variations in  
shape, proximity to  walls, etc. The 
cliokrbs are applied to the loops after their 
erection, and tlicil adjusted accordingly. 

The set has been designcd to receive 
signals froin $00 to 400 miles away, 
\vhetIier from ;hip or coast stations. This 
figurtb varies enornlously according to the 
strength of the transmitting station, hut 
it may be considcrcd as ;Ln a\-erage one. 
11 clirection finder that was used exten- 

sivel). in the British .Air Sen-ice was that  
known as the [io\>inson tlircction tinder. 

DIRECTION-FINDER TRANSFORMER 
I:ig. I +. -1s  rill 11c sec~l above, and also in the 
diagram, Fig. 6, illere are in reality two primaries 
in tllii t ransforn~er :  one is the usual input 
primal-? from the tuner, and the other the  
" senst. " coil. An carthcd lrlctallic shield is 

fitted to thi. conlponcnt 
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I t  has t l ~ e  advantage over the usual 
Alarconi direction findcbr that  it tlocs not 
rcquirc. tllc. large tri;x~igular ael-ials, ant1 is 
ther~iore  easier to instal on hoard ship. 
The finder is inadc by the Kadio Communi- 
ration Company. 

I11 the Robinson system a large wooden 
lran~e\vork is eillploycct wl~icli consists ol 
two \voodcn squares Gxcd a t  right angles to 
one artottler. These arc z ft. 6 in. along 
cach side, and are wound with thin wire 
so that  therc arc two coils a t  right angles 
to  cach other. Thc whole fr:lme\vorl< is 
fixed upon a vertical axis and Iilay be 
rotated. 

One coil is actually on a sm;rllcr frame- 
work than tlic other, and tlie larger coil 
picks up the signals. This it docs inde- 
pendently of the smallc~r coil. The la]-ger 
coil is placed to pick up as loud signals as 
possiible. Tliis coil, used alone, \voultl give 
an error oi several degrees for estirrlatirlg 
tlie direction of the transmitting station, 
the change in audibility 1:cirlg small for 
the rotation of thc aerial near the ~nax i -  
mum receiving point. 

But the second coil cllablcs a nluuh 
closer approximation to tllr dircxctio~~ to Ile 
obtainetl. Tliis coil can l:e .-nritclied in 
series \\-it11 the larger coil, and it it is not 
actually a t  right angles to tlic 11-ansmitting 
station it picks up  sonic sigiials. 'Tl~e 
energy it picl;s up is citlivr added to or 
subtractctl fro111 that  oi  the larger coil, 
according as it is acting \\-it11 clr against it.  
By adjustillg the position of t l ~ c  larger coil 
until there is no increase or clecreasc. of 
strength wlien the othcr coil is switched in, 
the dircctioii of tlic transmitting st a t '   on 
may 1)e tletermined, for it is a t  right angles 
to tlie plane of the snialler coil. 

In the Alarconi systeir~ tlie point oi 
i~~ in i~ i iu in  strength is obtained, or that  
point whcrc no signals arc received. In  
the Robinson method, Iiowe\,er, the point 
of maximum signal s t r ~ n g t h  is found, and 
a11 tht: time signals arc 1;cing rcceivid froln 
t l ~ c  point ~vhicli is tjving se:trct~ed lor. 
-11. H. Avevy and K .  R. Hztrion. 

S ~ L '  Bellirii-Tosi S!,stem ; (;oniomcter ; 
IZobinson Direction Finder ; Scarrh Coil ; 
Short IVave. 

DIRECT LOOSE COUPLING. Tcar~n 
applied to a nletallic coupling 1)ctlveen 
two circuits, when citliei- the tiistance be- 
tween the t\vo circuits is considerable or 
when only a few turns in tach of the 
coupled coils are conllnon to both 
circuits 

CONDUCTIVE DISCHARGE 
17:g. I .  Lktmten the two electrodes will 1)e seen 
o plate, the diclcctric strength oi which is b ~ i n g  
teitcd. The tlcctrode:., wliich are hituatrtl in a 
1 ~ 1 t l 1  of oil, a .c cach co~~nec t ed  t o  an iiitluction 

ci)il and 1-0 n spa]-k gap 

DIRECT TIGHT COUPLING. Tern1 used 
in cases in which the  turns of wire in two 
mrtallically connected inductances are it1 
ail app-eciable ratio to one another. The 
term is also applictl t o  the system of tap- 
p ~ n g  ofi a nulnber of turns of wire from a 
coil in one circuit to serve as induc:tancc in 
the other circuit. I t  is synonymous wit11 
I )irect Close Coupli~lg. 

DISCHARGE. \Illen a conductor is 
subjected to a difference of potential 
it becoiiies electrified, and rnay be dis- 
clirirgcd in se\,eral diflercnt ways, which 
tliq)end on the lllediuin surrounding the 
conductor and also on t l ~ e  circumstances 
under \\,hicI! the clischarge occurs. 

Thc ciiffercilt headings under \vhich a 
discharge can be classifier1 can roughly 
ht: divided illto three - 2.e. [I) Conclucti~~e ; 
(2 )  Convective ; anti (3) I)isrupti\.e. 

Conductive Discharge. The ct,nductive 
discharge ii-. the tt:rin applied to  a dis- 
cl~arge such as occurs in any electrical 
system in the for111 of a current flow. 
In its sil~lplest form a conductive 
discharge occurs ~vlien a wire is con- 
nected across the positi1.e and negative 
terniinals of a battery, or when the 
terlninals of an influei1c.e machine arc 
connectecl together. I n  botli the examples 
the current resulting from the discharge 
is unidirectional. \I-hen, however, a 
condenser is discharged, tlie discharge cur- 
relit may be an oscillatory one. If a con- 
denser is collnected to an inductance coil 
and a spark gap, as shown in Fig. I ,  and 
R = resistance of the circuit (in ohms), 
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I. := inductance of the coil (in henries~ Disruptive Discharge. When two con- 
andC = capacity of condenser (in iarads), ductors are subjected t c ~  ;i ilifference of 
then the discharge current 1 be potential, a state of strain \vill be set 
oscillatorv 11 li < J. i iX,  there will be no up  in the medium round the conductors. - 
oscillations i f  R > .!+l,;C, \vt~ile il The strain \\:ill be greatest along a line 
li = ,lm, tlie condition will be unstable joining the conductors, and the tension 

Convective Discharge. ;2 corlvective along the lines of electric force increases 
discharge occurs between tnro contluctors as the square of tlie intensity of t h e  
when their potential tlifference is suffi- electric field. If tlie potential difference 

d) ciently great to electrify particl~ai of a between the two conductors is made 
I surrounding ~~ieclium. The partii!es are sufficiently g r e ~ ~ t  tlie resistance of the 

rcpclled from t l ~ e  cllarged conductor, and surrounding medium will suddenly break 
I convcy so111c 01' llic charge to the oppositelv clown, and a spark wil! occur. * c.lrargc11 condut:tur. Instead of a11 actual spark occurring 

This type ol  clischarge ins\. o<.cur 111 bet~vcsn the t\z-o cliarged conductors, a 
1 clthcr liquids or gasec (including air) glow in the form of a " brush " can often 

I at IOIV pressure. The pressure and nature he sei.11, :I hissing sound accompanying 
of tlic g35 In the container clcter~nincs tlic the c!ischarge. 
voltage recluired to produce tlie tlischarge The disrcptive discl~arge is oiten used 
and its characteristics. There ari. Inany i o ~  tcsting tllc: dielectric strength of 
rr~stances ot thc practical use of thc latter insulating matc:rials used in electrical 
tvpe. .Among these may he cited the maclliues and apparatus Tlie material 
Coopel--Hewitt Incrcury vapour lamp for to be tested is mounted between two small 
l~ghting purposes, mercury rectifiers for flat plates immersed in oil and connected 
tr:lnsfol-ming alternating current into to the opposite terminals of an induction 
direct current and tlie many examples coil capable of g~ving a pressure of several 
of variously i11al)ed tubes and bu1t)s filled thousand \.olts ACI-oss the coil are also 
with gases at  Ion, prt,ssurr now 11sed for mounted two rr~etal spheres so arranged 
;~dvertisernent purpose:. that the gap bctwccn them is adjustable, 

.Ilthougli the rectilying and three- and the gap is l~lcreased until the  inaterial 
c,lectrodc valvcs user1 for wirele~s tele- under test is punctured From tables of 
graphy ancl the X-ray bulb used for radio- sparking distances under the given test 
graphic work linve very high vacua, the contlitions the clielectric strength of the  
principle ol tllc tliscllarpe 1s the sanlc as for niater~al is obtaincil, Fig. I shows a 
the gas-filled tu l~cs  previously referred to nlethod of testing the dielectric strength 

The convective discharge in the rectify- at plates by this metliod. 
ilig and thi-ee-electl-ode vall-es i.j caused .-Iltliough this nietliod ol testing the 
i ~ y  a heated filament in conjunction wit11 d~electric strength of an insulator is very 
a ~ ~ o s i t i v c  charge on a plate or cylinder useful, the contlitions under wh~ch  the 
placed at  some distance from the filament. test is carried out nlust 11e carefully 
7 .  

l h c  filament, when incandcsccnt, cmits noted, as inany factors such as pressure; 
negatively charged electrons which are temperature, size, and condition of elec- 
attracted to a positively chargetl plate, trodes affcct tlic spark length. The rnethocl 
thus causing a currc~it  to flow tl~rough the is t11c.refore used more for compara- 
valve. I11 tl-ie X-ray bulb the electron tive ineasurenlc:nt; t l ~ a n  lor ahsolutr 
flow is caused by tlic usc of two oppositely determinations. 
c~liarged plates. The Corona Effect. \\;hen parallel con- 

cluctors, such as are used for 
the overhead transmission of 
electrical energy at  extra high 

.ak potentials, arc subjected to an 
incrc,asinji difference of poten- 
tial, a point is reached where 
a consider;rl)le amount oi  
energy is lost in the form of a 

STRAIN INSULATOR WITH CORONA KINGS disclrarge b e t ~ ~ e c n  the two 

1:1g. -1. Transmi t t~ng system? employ this Incans of limiting 
conductors. If the potential 

t.nergy losses d11e to leakage a1o11g the ;train i~~su l a to r s  The is lurther in- 
rings form a special q u a d  creased, the energy loss rapidlv 
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rises, ant1 the conductors exhibit a dis- resonance effects, and should this be so, 
charge in thc, iol-111 of a 1uillinou.i ring of the condensers are protected from break- 
I~luis l~  colour-. Tl1i5 ring is l<no\vn as the tiown l ~ y  the auxiliary gap. 
" corona." If the difference oi potential Ill anotlrer for- of discharger, due to  
is still further increased tllc dia1nctc.r oi l:leming, balls are set in motion by 
tllc corona will increase l~lechan~cal means, and move round in a 

Tlie voltage at whicll tile c.orona starts heavJ7 iroll challlber in which nitrogen or 
is aficctccl 110t o~l ly  by lllc factors already carbonic acic] is corllpressed. The balls, 
inentioned \~lllcll affect spark distances, ljetween whicll the dijcllarge takes place, 
but by the diameter of tllv conductors move round, and a continual fresh 
and t l~ei r  distance al~ai-t. The wave- surface is presented for sparking. The rll 
form of tlic supplp will also to SOITI~: extent l,alls are \?vater being ~ n a d e  to 
affect the volt ;rge lleccssary to protluce circulate t hrougli tflcm to keep then? 
t l ~ e  corona, a polntcd \~2-a~e-foi-m producing cool, Tile ot,ject of placing the balls in a (I 

tllc corolla at n loLver I<.hI.S. voltage tharl Itcavy iron reservoir containing corn- 
a flat-toppcd Ivave. . . i : ress~d liitrogen is to ensure a noiseless 

1 11c aerials used a t  a large n.11-i.less c!iscllarge 
telegraph transnlitting station oflet1 have TIle LodCre-Cllamtlers discharger consists 
10 ~vi t l~s tand exceedingly Iiigh \-olt:cges, of sets of grooved coppel- disks, like 
and in order to Innit the energy losses due pulley" sepiarated by ebonite and 
to leakage along tllc strain ~nsulators a mounte(] parallc] &onite shafts. The 
sl'ecial guard, in the forin of a ring, is dislCs al-e so attached to a support that one 
n~ountcti 1-ound each end of t l ~ e  insulator. set is iixt:d in positiclll, the other 
The ring t i lc~l considerably reduces the lllo\~ed a screw parallel to the 
potcntld gradient along the insulator. fil-st set. 7.11~ disks on cacll shaft are so 
I\ skctcll of :I strain insulator with two arrallgcd t l ia t  an electric discllarge julllps 
corona ring5 is shown in Fig. 2 .  Sec Critical hackwards and for\vards froln one set of 
ICcsistance ; 1)isruptivc I )ischargc. dislcs to the  other. The \vhole spark gap - 
DISCHARGER. Ternz commonly used is, in effect, split up  into a large nurnber of 

for that piece of ap~ ja~- ;~ tus i i z  tlie prinlary sliort gaps. The disks are continuously 
oscillating circuit in which the spark or rotated in opposite directions by a small 
arc talics place. Tliere arc Inany forms clccti-ic motor. This fornl of discharger 
of cliscliargcr. .'L siiilljle rlihcllargcr for product,s a highly tlampecl or quenched 
sinall ir;inslnittci-s of not Inore than I; discharge. .See Ilisk 1)ischarger ; Quenched 
kilowatt power. :IS uscd by the Xarconi Spark Lap  . Rotary Spark Disk. 
C o r n l ~ a n ~ ,  is sllo~vn ill t l ~ c  figure. 

rodcs arc fiscrl "clul-ing discharging. 
The g;q) itself consists of two hemi- 

rodes are inountctl U])(Jn metal arins 
iittcd wit11 sci-e\r adjustment for 

J 

I1c1ni5l)l1c.ric;II electrodes are two 
ncctllc. r~oini 5 arraneed at a 

rodci. 'l'licse sul)>itliar). electrodes 
;!I e I;no\\.n a; t 11e guard points. FIXED DISC 

I t  occ,aiio~lally llappens that  a F"r "nall tr""""i 
sn l l l~ l r  discl~ 

sudclell riae ol 111-cssurc occurs in 

HARGER 
tters c)f not more t h a : ~  I.$ liilow:!tts, this 

arger car1 be used. The spark discharges aci-oss 
between thc two lie:n~snherical e!ectrodes 

L ~~ 

the transnlittilig set, due to CC I~I.&Y : I ~ L L Y C U I ~ I  IY  lrei~ss T L : ~ ~ Y C I P ~  CO., ~ t d  
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DISK CONDENSER. The Ilanle applied 
to ally type of vari;~l)lc c.ontlrnsc:r 111 which 
the plates can be moved betwl..cn one 
:tnotl~c:r without touc.liing, and  bout a 
ronlmon centre or axis. The dielectric 
11i;ry I:c ail-, mica, or other app1-opriate 
material. In the general use of tho 
cspression are included all tile various 
l~a t t cms  of moving plate condcnscrs 
\vIiicli arc rotatable about a central hpindle, 
such as the variable air condensers, wllcrc 
t h c  pl:~tes are rnatle Illore or less semi- 
circular in forin, and one set of moving 
plates is brought into close I-elationship 
tiit11 a set of fixed plates so that  tlle c a p -  
city may be varied from approximately 
zero to the maximum when all the p1atc.s 
are fully engaged. 
, . l h c  terin, however, is oItcn rt:stricted 

to those types of condenser whel-e a few 
plates only arc cniployed and more, or less 
circular in forin, or those of rectangular 
pattern, whore the plate or plates can be 
luoiwl away or towards one another by 
a central screw or control handle, -0 vary- 
ing thc capacity by varying the tl~ickness 
of the dielectric, i.c. niica and air. 

There are two conimon types of simple 
mica dielectric disk condensers ~ r l ~ i c h  can 
be miiile up wit11 \,cry little trout)le, and, 
where a fairly sn~al l  capacity is only 
rcquirctl, arc rc~rnarkably cffir.ic-nt. If 
su!~stnntially made, they 111ay 1)e u:ed with 
satisfaction in placcl ol t l ~ c  usual air 
tlicl'ctric vane condenser in an). ci~.rliit 
lilicly to l)c uscttl by tllc amateur ma1;ing 

his own receiving station. I t  will he 
realized, ho\vever, tliat although at  its 
masii'lum capa,:ity th(: mica, to a very 
large extent, is the l~rincipal agent in 
st~curing this capacity, as the plates are 
scparzited air a150 hegill; to haye an cffect. 
C~n . i c~~ , luu~ l ly ,  a vc.r>- .in~all inovenlent of 
tlie knob will havr. ~~onsid(~rahle  eBect 
T V ~ ~ I I  tlic plate? arc vc.1-y close together; 
but  lien thej, arc: separatetl, there will 
be ;t vcry rapidly dcci-casi~ig capacity. 
Against this, however, we have the 
advalltagc ol Inore nearly a~~proacli ing 
zero than is the case bvhen the diaincters 
of ihc. scmicirc~~lar vanes in an air con- 
denser are in f ~ ~ i r l y  close relation to the 
opposing plates. 

'rh(. first t y p ~  ot inica dielectric con- 
denser which is here illustrated (Fig. I) 
is enclosed in a casing. The coniponents 
are shown in Fig. 2 ,  and i t  will be seen that  
the bottom or moving plate is attachcd 
to a length of -. B.-\. rod by a nut and 
solder. As the  Iinol~ is revolved through a 
stationary nut fxstened between the panel 
and I~lock (of hard\vood or fibre), the 
lower plate rise; until the mica prevents 
the respective p!ates lrorn making a mctal- 
lic coiltact, and the  maximunl capacity is 
securd .  

The diameter of tlie brass plates in tlic 
condenser illustrated is 3 in., the  length 
of thc rod is 2t; in, and the block I& in. 
squart: ancl I in. thick. It will be noted 
in I'ic. 3 that thc connexion to the lower 
platc is meatls (of tlle r, K.1. nut, and 

H O M E - M A D E  V A R I A B L E  DISK CONDENSER WITH M I C A  DIELECTRIC 
I;ig. I .  Cuntuincrl i11 this cr~l~rlenscv is :I moring platc ant1 r:)(l, wliicl~ revolve in unison. 
1 . l ~ i s c d  to thc lrloving lowcr ~ # i ; i t e  is the y ind le .  The con,~exiotl  t o  the  lower plate is 

licltl in po,ition betwcetl blo<-li and  panel 
D 27 2 A 1 
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thence 11y a piece of strip-t~rass to which 
thc. nut is soldered, the connesion to the 
tcrminal I~cing made at  the 11-ccr cmd. The 
c.onnc.sion to the upper p1;~te is simply 
~oldei-ed t o  the underside o f  this plate. 
('arc sliould 11e tnkcn in cutting a fairly 
large llolc in the centre of the top plate. 
say 4 in. in diamctcr, in ostler that  it may 
hc \re11 free of the spindle passing through 
t11c c.cmtrc,. The size of the panel is 4 in. 
square. The mica may 11c fastcned to 
the  lo\rer platc with shellac if desired. 
This partic,ular cond~nscr  i.; in11nd to be 
i:~tid;lctory in tuning thc aerial circuit 
ivith ;r co l~~~nerc ia l  set of coils, though tlic 
\rave-length covcrcd w~itli ;tn intli\'iclual 
(,oil is not quitc so great ss with a 
standard .oar variable contl~,nsei-. ,. 1 lic sccond type, which may be used 

with con:iderablc satisfaction in tuning 
tllc anotlr: coil 01- secondary of  a loose 
coupler, i i  also ilhlstrated in Fig. 4. I n  
this case the knob ;ind rod do not rise as 
the capac~ty  (o!' tile condenser is varied. 

Tlic rod, which is ; in. long, is recessed a t  
the lower end, as in Fig. 5, and is allowed 
to  revolv-2 hetwcen tv-o pieces of brass, 
suitnhly fled ancl fastened to the bottom 
of the bou. The moving nut is fastened I 
\vith solder to a brass arm, Fig. 6, at  the 
other end of which is a brass head. This 
arm is of such length that  the head rests 
in one corner of the 110s and thus the arm 
cannot re\-ol\-e. Thc knob being turned, 
the nut a-ill rise or fall, and with i t  the 
lonrr  p1a:c. Thli lower plate is 24 in. in 
diameter, \i-ith a liole $ in. in diameter in 
tlic centre. 13clow is fastened a small 

. - 
k g .  1 .  .\loving plate ar~tl >p i~~ t l l c  nr-e shu~t-n disserr~bletl. Tllc co11tac.t picces ant1 fisecl platc 
arc ;II\O illiist~~atctl. As the knol) i> revolved the Irn\-txr plate riici. Fig. 4 (right). On top ol the casc 

' 

is a ~ I I I - I I ~ I I ~  linol) rnountctl on ;L -,pindlc, whirl1 is tastenetl t o  :he bottoril c ~ f  the container. In thi5 
c n i e  the krlol) ant1 rot1 (lo not rise as tiley rc.x-olve, but on!!- tilt. lower platc 

Fig. 5 (leltj. I<ouliing a t  the bottom of tllc case interna!ly the .tccnmmod~tion for the spindle will be 
stun. S o t c  groove in bottom o f  spindle. Fig. (1 (right). In this view of the interior the spindle is 

seen mounted. The moving arm and l ea l  are in position 

MECHANICAL ACTION OF VARIABLE DlSK CONDENSERS 
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block of \vood, through ~vllich is drillcd bent over to forin springs to enable the 
a hole of sufficient size to e:~\ily clear tile sheet lo  remain inidnay between the two 
I-od. other platcs for :n i~~g the olhei- electrode. 

The plate ant1 blocl; being ilippcd ovcr Fig. 8. 
tlic rot1 will n~~ tu ra l ly  rise and !all as th(i Two marc 1i.ica sheets follo\v\:. atter 
ipindle is turncd. The top platc ii 2 3  in n.l~icli a stout brass plitte slitlir~g up and 
square, and is attached to 
tlic panel with small insulat- atltl~td. 1'0 this plate is 
ing 11iccc.j. I t  will be noterl riveted a thick l3rass nut 
that this condenser can only 
11c 11sc.tl ill a iloriilrtl standing . '4 brass bar 
~~osi t ion ,  and i.; unsuitnl~lc lor 
t:lounting oil a vcrtical panel, 
as the working depends upon 
tlic weight and freedom of 
tlie lolvt:r plate enabling it tc, 
rest upon the plate below it. 
In wiring up the tcrnliilals, 
care should be taken to see that  the 
flcxiblc lead; ha1.e ample roonl, ant1 are so 
arranged that they are unlilcely to ot)struct 
t he \vorliing. 

11 novel type ot disk condenser is i11ou-n 
in Fig. 7, illustrating- a Polar cunclenser. 
This is a variable rondenser of an~ros i rna tc  
capacity of ,001 ~nfd.  I t  has the  &l\.;ultagt- COMPLETE DISK CONDENSER 
of occupying very little space. Pig. 7. Complete with dial and knob is a " Polar " 

flat plate of stout-gauge brass forills di" ccondenser. l'he cbollite distance pieces 
h<,!d the condenscr clcar of the panel 

thc major part of the device. In clt.ctricai 
contact with it is a copper sheet l l a ~ ~ i n g  the second beari~lg for the spindle, 13 

a ccntral hole. '1 hole in thc ccntrcl of tlic rigidly mounted to the cilds ol the pi!lars. 
plate for~ns one bearing for the c,cntral i\ small picce of ebonite is riveted to  this 
spi~ldlc. plate and connexion tahcn frorrl the central 

Three projections are riveted to the ]>late 10 an angle piece inounted on the 
plate ; tnro on opposite sides of tile ct7n- ebonitc,. The spintile is of steel, screwed 
tral hole, form pillars liolding t l i t :  bacl; on ont cntl to takt. a knob and pointer, 
plate arlcl keeping the 111ica ini~rlnting and on the othcr end to hold a quick 
sheets in position. sheet c,f copper ot thread screw, rigirlly fixed to the spindle 
stout gauge is 1)laccrl ovcr the lirst piccc with a clamping nut. The spindle is insu- 

cut at each end, with 
the resulting strips 

COMPONENTS OF A POLAR DlSK CONDENSER 
1;ig. 8. Parts of the " Polar " disk condenser are !aid out to sliow the spring strips of tile moving 

Illate to keep it midway between tlie outer electrodes. Three mica sheets are show11 on the left 
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cxtcnt oi I-otatioir is liliiitc(1 by ;l pro- causing a correbponding decrease in 
jcc:tion on the i;pintlle mliicl~ comes into capacity. Set: Air Condenser ; Capacity ; 
contact \\it11 :t piece (JL brass r ivctc~l to ( ondcnser . 1)ielectric. 
t h(: front of tlir: contlenccr. 

7 .  

DISK DISCHARGER. Tlie earliest form 
I he contlcnser is att:~ched to the pancl (:I di;charg,,r ronsisted of two round halls, 

or ins ts~~mc,r~t  115. mc:lns of two I in. s ( - r ~ \ \ ~ s ;  F,et\veen which a spark p;~ssed. The spark 
two n.a-11r1-5 of el~onitc: are 4ippecl over generally passcd htrtwc~cn two nlorc or less 
ttlcsc sc:rc\v-; to 1;ccp the c-onrlenser away fixed spots on these halls, with the result 
11-om tllc 1)and. ;I dial tlivitled into ~ o o  that  that  ~ iuint  11ccamc norn, rough, and 
tli\.i,ion; i. I~clcl in position by three oxidized, so that  the: spark becanlc 
c.ouritcr~unk screws an11 nut;. i:-reg~~l;~i-. a 

I n  1;ig. S is sl~cjnn (\\-it11 tllc exception lVlle11 freshly polishetl or plated halls 
ot the  1)ac:k 11~31ing 11I:lt~, which is r~gid) \\,ere used good sparkr were obtainccl. 
tllc moving p;11-ts ol tlic interior ol the con- I'lateil Ixills \verc: then arranged, with d 
tlic Iclt, Litljoining \vl1ic11 are t11c nioving tating them so that  I 

METHOD OF OPERATION OF A DlSK CONDENSER 
i . .\i?o;I'cr vi(\v oi  tit(. l~a l - t z  of ;L " Polar" diql; conilellser, il!~i.tratiiig tlic mclllod of ~ n o v i ~ i g  
I I .  I'llc l)i!ln~-b in t l ~ c  ccnt1.c ])orticin t ~ r c  thosc r,n wl~i,:li t h e  ~iioving platcr slide in and 

I .  c i l i i  li!,lc> arc sccn ill tlic ~nf,x.ing plate :11 t h r  right of tll!: ljliotogrLq)l~ 

~ilatc. \ \ - i t11  xc-rc.\~c(l ~~or t io l r  ;ittacllecl, the surfar.c should t ~ e  nnilor~nly used. AS tllc 
in?~~la t ing coll;sr, and llrc cltiick thread f~o\vci- used for transnlitting stations was 
st.! e\v 101. a t  t ;~t:hmcnt to t llc >pindle. To gratlually i:lcreasetl, diffic.nlty wit11 arcing, 
I 11(: I ix l~t  i, slio1v11 tlic ~nitltllc elec~trocle, as dictinct rronl spaslting, began to be felt, 
\\-it11 tl~c- I I ; I ( . I ;  Ilearing 1il;tte partly sl~o\\-ing and frclsh nlethorlb hail to be adopted to 
l:c~nc~;rtli it. Tlie ~jillal-, are s?lo\v~t o n  the c3verccjlnc. this defect. 
~~~:~inl!latc-  in Fig. ( 1 ,  n-it11 t11c first 111;ltc In Fig. I a sinlple spark 
r i g  I L i t c  I 1 ,  '1.0 I hc I ight c-ircuit ix sho \~n .  il is the 
is ani)tllcr \.icw ot the tnoving plate wit11 ;~ltei-nator ; T 3 trans- 
hl)in(lle 111 1)ci~itiun. I ori~ier stepping up  the 

1;ig. r o  -11(1\vs a sitlc vir\r- of the con- ;~lternator \-ultage to  the 
clensrl- nit11 t11e 1)ack cover rclilovcd. The orclcr of 10,000 volts ; I, 
lllcj\.ing 11l;itc ii tightly cc:rt,\vcd aptinst ;tnd 1, are protector 
tli(. l i sc , l l  o~ie ,  gix-ing a inas i~num rapacity. c:hol;es to  prcvcnt high- 
\ \II( .II  tlir: \ ] i i l ~ ( l l ( !  i5 t~ i r1 )~ . (1  t~ the left, the l 'seq~~ency current get- 
rli>i,lnr.,. I , t ~ \ - < ~ < . n  t l x  pl;~tc,.; is incrcascd, ting back illto the 

transfornler wind- 
ings ant1 bi-c;rking 
tlown the insuln- 

tion of tlicun ; C: is the pi-imar~- 
cunc1enst:r of the oscillating cir- 
cuit ; 5 tlie spark gap or dis- 
charger, and J the " jigger " or 
oscillation transformer. 

lYitli suc:ti a circuit tlic 

DETAILS OF DlSK CONDENSER transformt:r charges up  the 

1;ig. lo. O n  tllc Irft is the I~ack cc,ver of the condcnsrr, which is 
condenser, C, ill the usual 

sllobvn edgc~vlsc. The order in n-i~ich tlie various cc~mponcnts lYay l lalf-c~c'e of 
are assembled can ilr. clrarly see11 the alternator, and when the 
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I co~ldenscr voltage has reached n certain an electric motor, Fig. z ,  the drive at each 
value a sparl< at  S will take p1ac.c. Thc end of the insulating shafts bcing by 
current in the circuit C J S will oscillate norm gearirlg so that the disks only 
arid :L train oi sparl;s will pass across the rotated about once a minute. 
sp;nk gap at S. In Fig. 2,  1) and 1) represent the disks 

111 t11e rneanwlilie the alternator is stili which replaced the siinplc spark g a p  
feeding cui-rent into tlie condcnsci- C. The, Current \\.as lecl into these 

dkks by means of brass wire 
I.)r~ishcs pressing on the side of 
tlu: dislcs, and connected to thc 
oscillating circuit. The disks 
tllcmselves were mounted in 
he:tvy bearing? standing on 
insulators, whlch are clearly 
shown in the diagram. 

'Tliis type of disk was n 
coiisiderable improren~cnt on 
tlic: simple sparlc gap, as, due 
to the fact that the actual 
sparking surfaces were always 

Fig. I .  I n  this diagram A is tlle alternator, T :L relati\.ely cold, thc spark was 
step-up transformer, C oicillatory circuit primary 

condenser, tile gap or djscllargcr cleaner in character and nlore free from 
arcing. 

discharge a t  S will therefore not 1)e a pure !it tllis time alternating current of low 
1 condcnscr discharge, but will be sl3oiled to frequency \vas in use, and the note given 

some extent by arcing, wliicli spoils the out by sucll a discharger \\-as lolv ant] 

I 
quality of the sparlc. rough. IIigher lrequcncy alternators gave 

It  was found that i[ the current passing highlsr better notes, but tile spark 
I in the spark at  S was sufficient to melt the note was not clear or really free from 

mc:tal of tlie spark balls, the g x s  given arcing until it was obtained by tllc use of 
off by the moltcn metal assisted this arcing, tile syl~cl~rollous: disk diicllarger. 111 1908 
and that wl~cll the gap electrocles werc Sellatore ;\larcrlni described at the Royal 
I<c,l)t cold, arcing was considerably reduced, Institution one type o[ hi, higll-spccd 
ancl inany mctliods have bccn introduced dis]< tlischarger, \vhi(.h led up to tllc 
to keep the clectrotlcs cool. Oil ancl watcr- prcscnt sJ-nclirc,nous dischargers 
cooled elcctrodcs are chieflv used. 

The next step towards tlic reduction of 
arcing was the introduction (I[ plain 
\vlicc~ls or disks at S. 

These tivo dislis \vcrc iiladc 
oi colq~cr and  well in~u1atc.d 
iron1 eartli, being dl-il-ei~ 
slo\vly round, througli long 
insulating driving slialts, by 

are il~tl.oduced. Brass wire buslirs conduct tlic 
c t i r~ent  to these dialis 

,* Tl~is  disk, Fig. 3, con5isted of a central 
disk, L), driven at the very lligl~ peripheral 
speetl of over ~ o o  metres per second by 
means of the eiectric nlotor, $1, \vhich was 

14 
SYNCHRONOUS DISCHARGER well insu1:~ted by the inhulating coupling, E(, 

Fig: 3. I n  order to obtain a sparlr not(: free from fro111 the dislc sllaft. ;\[ourltcd by lllealls of 
arrliig t h e  synchronous disk discharger ;hove was insulators, I and 1, on two bearings P, IS, ir~troduccd. This collsists of n centrill tlisk. 1). 
drivcIl at a periplleral spcctl of over roo nletres wrrc two insulated sidc disks, I3 and C ,  

pcr second \vhicIl were also driven by means of gearing 
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from tlic 5:nile ~liotor, i o  that  tlley slowly 
revolved. The sparks passed 1:::twccn t hc 
two side tli-;k;, B ant1 (:, and the I~igh-spc,etl 
tlisk D. \\'it11 this tl-pe 01 dibl; a r-ircuit, 
ns Fig. 4, \vas used, consisting of two 
r:ondcnscr;, (3, C,, of equal v;rluc, and two 
inclucla~~c (+, and L,. Tliis circuit is 
often refcrrcd to as a split condenser 
circuit. 

Thc tLnrrgy was uppl ied  t~ the uscill;lt- 
ing circuit 11-om tlie gencrator (;, which \\.as 
either an alternator \vorlring through a 
transfor~ncr or, later, a high-tension dirc~ct 
current generator. Thc aerial was induc- 
tively coul?l(.tl to the  osc,illating circuit by 

ii 
HIGH-SPEED DlSK DISCHAllGEK 

Fib' 4 .  13et~\-een tlie t w ~ i  ~li>l<-;  of t h c  disc11;~rger 
on c~ther side of D is a tlril-(1 liigh-spced disk in 

:x 5l)lit co~~(le!ist.r ~: i rcui l  

Illcans of tllc 0.-cillation tran-forllle~- or 
' I  . .  j,gger," J ,  as it ua.; callccl. 

1'1i(: \-cry 11igIl ipeccl o! the tli:;l;, \ ~ i t l l  its 
conseclurant (:ooling, rctl11c.ed 21-cing, a i d  
tl~cl ict g;~\.i> a 11ca1-l!~ jwrc- mu511:al sparl;. 
l'lle ncxst htc.1) \\-as to (11-ill tile inain tli>li, 
I ) ,  and  !)!art. cc1l)l)vr stii(1.; ill it, so that  
tlic~ie st11c1.i foi-~~lc(l a 111.itlqc I;~,t\vc~en t l ~ :  
t \ ~ o  sitl(. tliIli~, 15 ;111cl C .  

'1'11(~ Aidt. cli.;lii 17-crc tl icn  just crl i o  
tllxt tllc. stlirls in ~:i->ii;g act11;~ll~ jllbt 111;\,1tb 
i.ont;lc.t \\-it11 tlieli~, tIi11s insuring tli:. co~ii- 
1jlt:tc. cliscl~argc; of the  c,onden~i,r tlii-ou;.ll 
:L pat11 oi 111i1ii11>1111i i-csi>tan(,e. 

:\ir j)l-e>-~ri-e \r-as iol~nd to  111;1y ;un iin- 
portant p;u-t in tlic I-apitl i .s t i~~ction of tilt: 
arc, ailrl ~ln;illy t\r-o air jets \\.(.re acldtd. 
onc on (,;1t,11 side of t l ~ :  nlain disk, ailcl 
I)lowirlq un tl!c spot n.!~erc tlre sl)arlis took 
place. '1 '11~ c,iri:uit was then simp1ific:d 
till t l ~ c  111;al for111 bec:~n~e as shown in 
Fig. j, \vI!t.~-(: 1 )  i.; the 1:igll-r;pi.c(l disk with 

studs, S, whilst I3 and B are theside disks. 
The condenser is shown joincd to the two 
intluctances, wllilc J is the oscillatiorl trans- 
f o ~  nier, and (; the direct c~srrcnt generator. 

In all the an-angements of disk discharger 
tl~scribcd up to the present the charge 
and discllarge of the condenser has bcen 
to sonle extent left t o  chance, except when 
a direct cul-rent generator is used for 
c11:irging the condensel-, as in Fig. 5. I t  is, 
ho\vever, 1)ossit)le to obtain a pure 
q ~ a r k  note when using alternating current 
to supply tlic. condenser. This is the case 
with the synchronous disk discharger, 
which cc)risists of a n  arrangement similar 
to .Fig. 5 ,  excc pt  that  a n  alternator 
is rise< to rc-place the generator 
and that  the alternator is rigidly 
fixed to  the tlisli shaft. as shown 'Y 
in Fig. 6. 

I 

\ I 

.SIMPLIFIED DlSK DISCHARGER 
Fig. 5. .%fter crpol-inients an :rrrangctnent as 
above was arrivcd at, in wliich the  conde~~ser is 

c11;~rged f r o ~ n  a direct current generator 

1Icrc .I - tlrc. altc~rnator, which sllould 
llave a frequency of some 
300 cycles ; 

X I  = a ~iiotor driving the alter- 
nator and the disk L> ; 

I = an insulating coupling 131:- 

tween the alternator and 
the disk ; 

D == a disli iniade of steel, liaving 
copper studs, S, inserted in it ; 

I3 13 == copper side disks ; 
C t!ic. main prinlary contlcnsc-r ; 
J := tllr: oscillatior~ trainsfo~ nicr 

or jigger ; 
E E == protwtor chokes ; 

T - a static: transformer ; 
L =. a low-froq11enc.y adjustable 

inductance ; 
G (; - two guard !amps. 

l ' l~e  disk L) in l~s t  have slats in it 
corresponding- in pitch to tile pole pitch 
of the al tern '1 t or. 
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.\ss~uiii:~g tlrnt ;I f rrcl~~rncy of 300 is condt:nser iilajr be variable. The wavc- 
recluired and that tile alternator has length of jCk:  is then measured, and 
rz  poles, tllerr it \vi!l have to Ile driven at adjustecl to the corrcct anlount b y  
3.ooo ~ . I> . I I I .  lor this frequency, \q.liich ij a chnnqes of inductance made to j .  
-uita\,le spcctl for a \vell-desi~c<.d tlis!;. The aerial and its i~lcluctance are then 
[II  i l  sy11chro11o11s disk tliere 1iiu5t b t  one tunctl to th i  same wave-length and 
train o f  sparlis for each half-cyclt: of the coupled to j .  
altcrnator. Tlie altcrnator in cl11estic,n 'l'lle dihk n i ~ ~ s t  tlierl be turned on its 
will produce 0 coniplcte or 12 11;tlf-cycle5 shaft, relative to tlie alternator poles, until 
p ~ ~ r  1.evolntio11 ; there must t!lcrct,re he r z  the spark beco~ries clear. This adjusttuent 
stndi in tlie ilisli. is made 011 the coupling between the 

I3 and I% ;Ire the copper side disks, having alternator and disli a t  I. 
a thickness equal to the  thickc 
studs S. Tlie whole tlisli, 11, 
insulated from the ;:roulicl, and 
the clislis l3, B must be well 
insulated fro111 one ariotlier arid 
from the g r ~ u i ~ d .  C is the 
111ai11 primary condenser, dc- 
pending in cxpacity on the: 
wave-length nliicli it is d~s i r ed  
to radiate. Ttle capacity of C 
will also be fixed to sonic: 
extent by tlre inductance of 
the transfvr~llcr T and alter- 
nator A.  

7 .  1 he values of C j  will dctcr~ninc the ~vavc- 
lengtli. If A = wave-lengtll in centi- 
mctrcs, then A = ~TLECC, all in ccnti- 
n~et res  : i ~ i  this case 1- is the ii~duc-tance of 
tlie coil j .  

If C is ~ricasurctl in nlicrofarac!;, aricl L 
is mcasuretl in ~~iicrolienries, and tlie \va\-e- 
lengtl~ is rc%cluired in iiictres, tlie:i .this is 
obtained from 

x = 1885 %fin: PRODUCTION OF PUKE SPARK NOTE 
TI~crciore, either C or j Ilia!: be changed i ,  , ,  with a s y t ~ c ~ ~ r o n o u s  rlis!,- cll>cllarFcr, as 

ill ordcr to inc~east: or decrease the \va\.c- in I:ig. j, is use:l a n  altcrnator t o  replace the 
]cIlgtll, tllerc is one best of C senerator. The altcl-naior is ligiJl?- fixed to the 

wllicll suits tlie constants of tile trans- disl, shalt 

fornler circuit. ' h i s  is the \-due of prevctntivc rlicasurcj lllinin~ize over- 
capacity wliich gives resollr~nce. heating and burnt clectrodcs. Tlle photo- 

l<esonance i.; tllc condition \vhic!i gives a grapl1, Fig, .;, is of the ,-otating disk 
lllaxinil~~ii voltage 011 tlie colld(>nser C, discllargcr a t  tile (~arI~arvoll  station, 
alld may I)(? obtained by \'ar>-illg the showillg the hectTy Il lac~ll i l ler~ llecessarv to  
i~liluctmicc 1, in the primary of tile trans- fulfil the a,ove fLlllctions, 
fornrcr, or 11y alteritig C. The transmitter leads are sl1own corning 

Tlic two coil.;, E, are sllo\v~i as xir-cored down vertically from the roof in two larg-:. 
protecting c l l o l i ~ ~ ,  and are incl\itletl to tub:?, thc last two feet or so being leit 
l x < : \ ~ ~ i t  linrlilful surgcs reacliing tlic open. exposing tlie stranded cable. Iin- 
~c~co~lclary of tllc transfur~ner, T ,  and mediately bel(l\v these ca1,lt.s are the 
breaking clown the insulation of the end horizontal circular ~i ie ta l  cases containing 
tul-nu, whilst (;, G, tivo la~rrps, preferably the sniallcr rotating disl~s. Situated 
liaving straight filaments, act as p~otec'tors between the latter, and a t  right angles to  
to the alternator. them, is the !urge disk, the edgc of whicll 

I n  tuning 111' tlie disk discharge,:. circuit, iilay be seen protruding from its casing. 
rcsonnlice i h  fil-st obtai~led by adjusting L The size of this disk can be seen by the 
or ('. I n  tlics cliagra~il, 1, is st1ow11 as casins inside \vhich i t  rotates, and which 
vari:ible and C as fixed, tliough the extends right fro111 the  front of the 
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machine to the back wall of the roon.1. The 
main driving shaft may be seen a t  the back. 

l'lle pipe, which divides into two with 
a control valvc, ancl is situated just 
in front of the cable conduit.;, contains 
romprcssetl air a t  11ig.h pressure. This 
air strcam is projected th~-ougll two  
nozzlcs on to the sparlting points of the 
arc disks. I t  is i~ltercsting to note that 
this photograph was taken cntircly by 
the light frorii the discharge. 

A close-up view of tlie rotary di;ks 
in a typical high-powered tlischarger is 
sho\vn in the photograph, Fig. 8. The 
main disk, upon the horizontal axis, may 

be seen with its edge just protruding from 
itscasing. It  willbcnoted that tllc edge 
of this disk is saw-cut a t  regular intervals 
around its periphery. Tlie casing is 
qtiffen~d by nleans of tie-rods, each fitted 
with a tensioning device. This arrangc- 
mc:nt is necessary, sincc the high speed a t  
which thc disk is drivcn vibrates the 
casing and would soon throw it out of 
tri~tll  without tension tie-rods. The shaft 
coupling which coup!es the motor shaft 
to the disk shaft may be seen on the right 
of the photograpli. 

The horizc~ntal disk is sliown in the fore- 
ground. This collsists of a very thin 

TRANSATLANTIC SPARK DlSK DISCHARGER AT CARNARVON STATION, M U U 
ICig. ;. Carnarvon Station, 31 U U,  is owned and operatcd by the Marconi Compa~ly. The above 
pliotogmph shows the disk disc11argc.l- inslallerl at that  station, and was taken entirely by the  li-ht of 
the di5k d~rcharge. The tra11smittc.r leads are sho-w~ coming down vei-ticnlly from the roof the 

two large tubes, wit11 ;L control valvt:, see11 where the tubcs join 
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TRIGGER DlSK OF 300 KW. CONTINUOUS WAVE TRANSMITTING SET 
Fig. 8. liotating clislcs seen in a ncn- view. 'These for 11 par1 of t l ~ e  liiph-l~o\\,er discharper nt Li:c 
Marconi M'ireless 'Telegraph Compariy', stntion at Carnarx-011. Thc mail; vert ic;~l  chsk can Le seen 
wit11 thc edge just coming tl~roug-h the casirlg t o  pass the horizonta! (lisk ; i t  will be noticrcl tllat the 

edge is saw-cut at regul;rr i n t c r v ~ ~ l s  aroulltl its pcripl~ery 

metal plate mountcd upon a vertical Inllncdiately to  the left of ttie small di5k 
spindle, and driven by gcaring enclosetl in the photograph may be sccn the pipe 
in the cast metal cover. The hand wheel which carries compressed air from the 
shown is for adjusting thc distance- 1)loiver to  the nozzle which projects the 
between the 1-ims of the two disks. air streall] iipon the discl~nrge. 
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< I  . 
is rointcd t l ~ c  1~)asc i.; nec,~ssnri l~ I'ir. 10. 111 t!~is rotary clisli discharger a disk o f  
of very ll,asiivc dc.si g,,, 5,,lal~cl. 111.: stu~lclcd type ii employed. 011 accourit o f  

tll,. lligl~ spccd of thc clislc it will bc ~loied tha t  tho  
disks ai-c, sc,c.n i~lonntc~rl al)ovv tl lo ~ l ~ ; l i i i  structure, is ncccssarily massivc 
disk. They arc drk-en by a systcin of Cu:irtcsl  . l l n ~ , c o ~ i i ' a  Il'ircless T e l i . ~ r a ~ h  Co., Ltd. 
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bevel gears and shafting from the  main ductors is small, then the discharge will be 
shaft. The prirnary drive of these Scars a straight intense spark. This type of 

I is erlclosed in an  inverted V-shaped cover. discharge is well illustrated kvhen a con- 
In a discharger of this type tht: current denser is discliargcd across two spheres 

I froin the transmitter is conveycil t o  one placed a shy-t distance apart, or when a 
of the small ~lisks. From this the spark large induction coil is discharging across a 
jumpsto  the large disk, which latter con- small gap. If the  tliickncss of the 'di- 
ducts it to the point where it j u~nps  to  electric filling the space is increased, then 
the second small disk. Hcnce 110 con- the spark becomes split up  as shown in a ncxions are necessary to  the large disk. Fig. I. Whcn the quantity of electricity 
il nurnbcr of friction plates are fitted to  is small, the brush discharge is obtained, 
the small disks, the niain conductors and takes tllc form illustratetl in Fig. 2. 
bcing divided, a separate smaller con- The brush dischargc can be seen as  a 

b # ductor being fitted to  each contact. These lun~ilious glow a t  the conductor, and is 
tlividcd lcacls are shown a t  the top of tlie 
discharger. It  is clear that  a very large 
n1uml2er of contacts are necessary. See 
Colin- Jeance .4rc ; Transmission. 

DISPLACEMENT CURRENT. Variation 
o f  electric stress in a dielectric. It is cqui- 
valrnt in its magnetic effect t o  arl elecfric 
currcnt. I t  is a current, in practice, which 
flows ino~ncntarily in a dielectric: or insu- 
lating 111;itcrial \vl~cn an clectro-motive 
forccl is irl~prcs.;c~tl across that ~natcrial. or 
wlicn an cblectro-motive forcc: inlp~c.sse,l on 
that  111;lterial is c~llanged in intc,n:it?;. 

LVllen an  c.lcctro-motive fortc: is im- 
press(d across ;un insulator. ;L charging {Jr 
capac~ity currcnt f1on.s ~no~-nent;~ril!z in 
the tlirc.ction of the t~lectro-moti\.e force. 
, . llri.: tli.;l)laccrnc~lt current o n l ~  flows when 
tllc applictl clcctro-motive forcc is in- 

I creasing or 11r.c-reasing. So long as tlie 
! i~llprcssed clectro-mot~ve force is c:ontinucd 

witllol~t \,ariation i r ~  inten>,ity ac.1-oss tlte 
insulator, tlie clic.lcc,tric will ren1::in in a 
statcL of strain. See Currcnt. 

DISPLACEMENT MOMENT. Term 
liscd for unc: of the irltrinsic constant.; of 
a \.il)ration galvanometer. See  1)amping 
3Iomc:nt. 

DISRUPTIVE DISCHARGE. \\,hen the 
tliffcrcncc: of potetltia! I~et\rocn t \ t ro 1.o11- 
ductors is sufficic~ntl:; great, or tl~c: potcn- 
tial gradient ill tllc n1c:tliurri lwtwe~,n t1lc.m 
is sufficic.nt1 y incrcsa~cd by tlecrca-ing the 
distancc bct\vccn t111. conductors, a dis- 
c11;lr;cc \rill occur in thc intcrveriing spaccr. 
T l~ i s  tliscliarge Inay take the forni c.it11c.r uf 

a single or forlic~tl line, in \vhicli case i t  is 
terrnctl a " spark " discharge, or of a 
hrusll-like for~nation diverging f ron~  one of 
the conductors, in ~vliicli case it is termed 

) -  *L a ' #  brus l~  ' ' diictl;~r;e. 
Whether the tlischarge is a spark or a 

brush is dctenninecl by the quantity of 
electricity clischargetl. If the quantity is 

i large and thr: distance between I he (,on- 

SPARK DISCHARGE 
Fig. J Two ?ides of a spark gap are represented 
by circles. The discharge assumes a forhcd 

lightning appearatlcc 

accompanied hy n sllal-p hissing sound. 
A Ixush discharge (-;ill wnletimes be seen 
at  s11arp points cunnect(:d lo extra high- 
tensio~i generators, a n d ,  as a precaution 
aga in~ t  tliii, ii is usrl;il, in practice, to 
c>li~~li l~atc sharp points or cornc:ls Ily 
sufiic~c~ntl~r 1-uiir~c1i11g all cdgc.s. 

BRLISH DISCHARGE 
Fig. 2 .  13uusll di~chargc talccs place when tllc 
clu;~~it i t  v of elcct~ irity is .;mall. A large tlischargc 

\\.auld causc a st]-;~iglrt i11tc11se spai-k 

Tllc, dil'iCrence of potc-utial required to  
cause a s1)ar.l; l)et\vcen two c:onductors i i  
deterll~inc(l not only I,y tlie distancr. he- 
tween them, l h ~ t  113. thrb diapc, size, anrl 
na tn r~ .  ot tlit. coilductor-s, the nature oi  tlie 
dielectric, its prcssm-e ;tnd tclnperaturt.. 

Tlic: differencl ~ J L  potential requircd to  
cause a spark clg:roas various distance, 1:e- 
tween sphcres i; 5~low11 in Fig. 3. Cur\,e 
A sllows t11c volt?ge required h e t ~ i ~ c c r ~  
z c ~ n .  diatuetei- spl~e~.es, and curve H 
s11ows the udtagr: required betwct~n 
j cin. dianleter i p l ~ e ~ e s .  

Fig 3, curve C ,  also sllows the  voltages 
for various distances required to cause a 
spark bctween needle points, and it will 
be seen that  t l ~ e y  are I I I U C ~  lower than 
those required tlet\vcen spheres. 
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60 the Satio11:tl Physical Laboratory for 
dir:lcc,tric: strength tcsts. * The metliod is of great utility for com- 

$ "  parativc tests, but owing to the number ol 
. B factors whish influence the breakdo~vn 
S 
8 a voltage (as previously mentioned), it is 
Y difficult to utilize it for al)solute measure- 
8 mr:nts. I t  is, therefore, very llccessary 

o that the conditions under which the tests 

Spurk~ny Vo/toge~ \vc.re conducted should be noted. 
-1 \-cry iniportant practical application 

POTENTIAL DIFFEKE~cE CAUSE A SPARK of the tlisruptive discharge is the use of thc 
Fig. 3. Uiffcrcnce of potential is slxown i n  the corldenser ill tile system of lvil-eless 
krbova curve in thc tlcccssary c11nr;c to  cause a 

spark bctwccn thc conductors tc!cgraphy. I11 tliis systcm a charged 
conclcnscr-usu:tlly ol large capacity-is 

Tlic pressure lias a \-cry important clffect caused to discharge across n spark gap. A 
~ ~ p o i i  the voltage required for a gi\-en m:tnipulating or tr:rnsmitting liey causes 
tlielcctric length, and the 
curves are the results ob- 
tained with air dielectric at 
normal pressure. If the prcs- 
sure of illc dielectric is in- 
crcascd, then a greater voltage 
is requirctl to cause a spark 
I~ctwccn a given dist:~ncc. If 
tlle lxessure is recluced, but 
not excessively, the discharge 
loxcs the spark Zoi-rn and 
I~ccon~cs a glo\v, as evidenced 
by tlie X-ray bulb. \\'he11 the 
prcssurc is exceedingly low, 
sucli 3s ol)tains in a modcrn 
three-electrode valve used for . 
\\.ireless telegraph transinit- DISKUPTIVE DISCHARGE 
tcrs, then 110 visible discllnrge Fig. 4. Electrodes as i l l~~st ra ted  in this dk~gram are adopted by 
occul-s,butunderccrtaincoIldi- the Natioilal Ph) sical Laboratory for testing dielectric strength 

tions a11 clcctron flow is set up. 
Tlic disruptive disclrargc is used for tlle condcnscr to discharge across the gap, 

tcstiiig the tlielcctric strength c) t  insulating tlie Icngth of time of the discharge being 
materials. Tlie sample to bc trsted is contr-ollcd in accordance with tlic long 
generally placed between two tlisk-s1lal)cd and short dashes uf tlie Rlorsc code. 
clecti-odes oC starlclard tliailletor and See Critical Resistance ; Discharge ; Disk 
illicl;ncss, or between staridai.tl dian~ctcr Discharger. 
sl~l~eres, a11cl iilnmersed in oil (to elirlliilate DISRUPTIVE VOLTAGE. Voltage re- 
I~rusli clixclial-p). quired to break down the dielectric be- 

T l ~ c  clcctrotlcs are connected to a large t\\.cen any two electrodes. Sec. L)ielectric ; 
iiiduction coil, across the t(:rnlinals of Insulation. 
\vl~icl~ are also conilected two splicres so DISSONANCE. The iilteractioil of two 
~rlountcd that t l ~ e  c1istanc.e bct~t-een thein osiillatiolls ~vhicll differ in frequency, as 
is ndjusta1)lc. Tlic spark gal) t:ctweerl the opposed to Resonailcc (y.~.). \;171ien an 
movable spheres is incrcasetl until the al~crnating c:urrent is superiinposcd upon 
iilsulation rc>istancc ol the saiuplc under another altt,rilating current of unrelatcd 
test breaks domn. The brcal;do\vi~ volt,ige Srt:quency, the I-esult is a series of " beat " 
is tlicii o1)t:iiricd from the appropriate vibrations, ttie freclucncy of wllicli is equal 
curve, drawn from the data co11ipilc.d from to the cliffereiice between the frequencies 
;I srricls of tcsts after the manner of the of t11c two currents. This dissoilance is 
curves sliown iri Fig. 3. The diagram- m;lde use of in the reception of continuous 

4 
nintic illustration in Fig. 4 shows the ~v:~ves 11y tile lictcrodync method. See 
forill ol' splicrical electrodes ridopted by Continuou~ lYa\res ; Heteroilyile. 
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DISTANCE OF RECEPTION. The avc,r- a crystal set is about 1 5  miles. Cases arc 
I age range of a receiving set, consistent with not uncornnlon,&o~yever, where a ci-ystal 
i ~~(!r fcc t  audil~ility, constitutes its distance s t t  Iias ranged 40 mlles, or more. 

1 
of reception. Only more or less approsi- :\ \ - a l ~ e  rectifier using a standard circuit 
Inate ligures can he given for the workillg i.; efficient up  t o  25 miles, and wit11 the 
rangc of a set, as so Inany factors enter atltlition of one stage of high-frequency 
into cacll individual receiving station, amplilication the  range is cxtcntleci to 
cach factor having a deciding effect on tlic 7.7 ~nilcs. r\ crystal set with similar I * range or distance of recel~tiorr. anlplificaiion sliould give a radius of good 

A n  aeri;~l .jo fect up irorn the grountl 1-ccclption up  to 4 j  nliles. 
ant1 free from tlie screening influence of I n  multi-lralvc sets the distance of 
trccs or othcr 1)oclics would be considt,rt.d rccc:ption may be greatly increased. i * ;L very good aclrial, ant1 woulcl l)robal~ly cryit a1 recti1it:r wit 11 one stage of high and 
have n range a1:out 2.5 per cent I~etter  one of low frequency averagcs a range of 
than an aerial simi1nrl~- situatcci I~u t  only 135 ~niles, ant1 a similar set with a \-nl\,e 
25 fcct up. This latter aerial. ho\vevcr, detecfor in th(: place of the  crystal a1,proxi- 
would 11c found stipc,rior to another 40 feet mates 22.7 miles. A crystal set tha t  should 

I up if scrcenccl I I ~  trees, for example. cover the ~vllole range of British hroacl- 
The pri7sclncc: oi  a ~ i u n ~ b e r  of tclcpl~one casting irom any part of the country, 

or tclcgraph wires in thc vicinity of ;In allowing for moderate conditions, \vcruld 
acrial has a verv bad effect on gocld rt-quire one stage of high-freclucincy b 5  rcccption. A n  efficient earth also plays ZIII foll~)~ved 11y two stages of low-freclucncy 
important part, ant1 the direction of tile arnlj1ific;ition. Tlle range of such a set 
;tcrial \vitll rrspc3ct to tlie tr:~nsnlitti~rg \voilld he ;\bout 405 niilcs. By using a valvc 
station :iI.;o influc.nccs t l ~ c  question. det~bc-tor in place of the c-rystal, thc range 

Undcr a\.csrage c'ontlitions th~x rang(: i i f  i.; incrcascd to about jzo miles. 

DISTORTION PROBLEMS IN RADIO RECEPTION 
Causes of Distortion of Speech and Transmitted Waves Made Clear 
Here are discussed and explained the reasons for distortion of two kinds--that of 
speech occurring in receiving sets, and that of electro-magnetic waves in course of 
transmission. See, further, such headings as Heaviside Layer; Oscillation; Reaction; 

and particular articles, as Amplification ; Loud Speaker, etc. 

Wlten a \.illration is prci~~agatc.,l throupll vi1)1-ations, the wave form 111ust rctxin all 
space thc \\.a\.c 1'01-111 is sub jc~ tcd  to a its conlplcu ~.iI)rations in order that  the 
nurrrhc'r of inf l1c.nc.c.s liic,ll untl(.r ccrt a111 specv3l .hall be clearlv undcrstood. I n  
circumstanc.cs will scriolld!- a l t e ~  its lol.111. ortlinary (:on\ ersation distortion does not 
So long :is t11c \v:L\-e lorn1 is ~)rcserved ; occiir, but when tlie speech vibrations arc 
the ultimate effect of tllc. vi1)ration will t sar is for~~~cd into the electric currents 
11c ;I I;tithCul rc~~xmluction oi the initill r e q i ~ i r ~ t l  for lint and I-adio-telel)liony, 
vibration. If, llo\vc>\-<~, thr. wave is thc~.:. arc present Inany inflt~ences \r-hich 
sul)jcctctl to all!- influc.nc:e tlli~t altt'rs ils attc n l~j t  to ~l ts t roy tlic ~va\ 'e  fol-111 and so 
lorrn, t11c.n the, ul t in~ate cftcct will not c;iui(: distortion. 
be a laithiti1 repi-oduction of 111e initial T11c tranifoi-nlatioti of speech naves 
v i l ~ r a i i o ~ ~ ,  ;cntl t l ~ e  \va\-e furm is s ;~id  to intc rlcctl.ic currents is one thxt, altllo~igh 
11e tlistortc,tl. l u ~ ~ i l a ~ n c n t a l l ~ .  very simplc, has nccessi- 

I )istorticin of \vavc \.ibraticlls is an  tatcd an iinrnc,nst, :~illount ol resem-ch ~vorl; 
cveryday ( .f ic~t,  11ut ill ordinary lifi: it  1s I ~ o t l ~  1)y telepllonc and radio engineers. 
gvncrally of no conseclucncc, and only The c,rdin;lry telel~honc transinitter 
under certain circunlstanc~cs is it nccc.ssar)- d i a~~ l l r ag~ l l  is the jil-st cause of distortion 

a to adopt precnutioils to eliminate distor- when sound vibrations a1.e converted into 
tion. As el-it1csnr.c~ ol this, light waves electric currents for either line or radio- 
(:an 11c reflected and refractctl within tc1ej)hony. 7'1iis cause of distortion is 

rJri 
limits-xvithout suffering undue clistor- because of the  inc,rtia of the diaphragm, 
tion. \f'ith the camera, honever, ela1)orate and is due to tltc great difficulty of 
prc~cautions are taken so to design the lens making tlie diaphragni respond proportion- 
that a picture is not distorted by refraction ate1.y to  the higher notes and to the lower 
through the lens. When, hon-ever, n e  notes. Henci: the telephone diaphragm 
are dcaling with thc propagation of speech s~noothes out the harmonics and desti-oys 
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ciear speech. If the diaphragin is made higher frequency currents more readily 
vcry thin and its inertia is vcry small, then than those of lo~vcr frequency. By 
it will guierally be resonant to a particular adiusting, therefore, either the inductance 
Erequency, usually within tl~c: range of or the capacity of tlie circuit to the correct 
audible frequencies, thus causing a value, the efiects of each can be balauccil 
greater effect at this frequency than is out and this, in effect, is the tuning in of 
required. tht: signals. 

[f  the inductance of any circuit in wliich 
/-rrecL Amp4 fication arc! present oscillations of audihlc frequency 

pr~:pondcratc~s, tficn the speech will becorne 
" ci~.ummy " owing to tlie exaggeration €a 
of the lower tone:;. I f ,  on tlle other hand, 
t11(. capacity preponderates, then the 
qxxech will ttecome " squeaky " owing t o  
tllc: exaggeration of the harmonics. 

* 1 
'The use of iron-bored transformers is 

also a cause of distortion. The inductance 
of an iron core is not a constant quantity, 
and the nearer to the " saturation " 

SPEECH WAVE  orti ti on of the magnetization curve the 
AMPLIFIED grc:ater is this change. Precautions must 

Fig. I .  Correct and in- be taken, therefore, that the transformer 
correct amplification are 
indicated, showing how is working oil a portion of the magnetiza- 

diitortioli occ111.s tioil curvc where the flux is at  all times 
proportional to the magnetizing current. 

cause of distortion, suggested It has already been pointecl Out that if 

by prccce, is due to inciuctalIce. ~f an the speech vibrations are not reproduced 
inductance is included in electrical id~~lltically of the same form after every 
circuit, to tlLe ternlinals of which is transformation in the various processes 
an altcrllating clectro-lnotivt: force of hetwecn transmission and reception, distor- 
\,arying frcquellcics, the current in the tion will occur. The energy of speech 
circuit is inversely proportional to tile waves has, in order to be transmitted by 
frcqucncv, H~~~~~ whell the circuit in- rncails of radio-telephony, to be ilzagrlified 
eludes an inductance, and evt.ry ~ii;tny times at  the transmitter, and 

frcquellcy irnpressctl on it by often at  thc receiving end, and one of 
the soulltl )save is opposed by the cffcct t11~ causes ol distortion of the wave is the 
d, inductallce, the that the grt:ater magnilication of some portions of 
inductance does not allol\, t11~ wave than of other portions. This is 

of tilc lljglrer frequellc!, currents, t amed  " nun-linear " a~ilplificatioil. 
since cvcry circuit pc,ssesses 1-ct the curve sl~ocvn in Fig. I represent a 

il,,juctallce, rtl,lst be ;tdopted to sjx:ech wave. Then if this curve is faith- 
this A coIldenser irlcludetl fully rila~gniiied all the vertical licights 

ill the circuit has an ol,pc,sit2 to the \vould be proportionately increased. This 
inductance, allows the passage of tile ".odd increase louclness of the sound 

n-ithout altering its frequency. If, how- 
ever, the vertical heights of the lower 
tones are correctly magnified, while those 
of the overtones are inagnilied a sinaller 
anlount, the result would be as shown by 
the dotted line in Fig. I. The result of 

* this magniiication would be that speech --, 
would bc distorted and it would be terimed 
" drummy." 

On t11c other hand, if the lower tones are * 

magnified to a greater extent than the 
" SQUEAKY " DISTORTION k 

overtones, then the resultant speech would 
17ig. 2 .  Lower tones and overtones rllust be again be distorted the speecll %vould be 
tnagnified in sympathy, othcr\visc the result ,, 
slio\rn above by dotted lines takes placc. ?.his squeaky," This type of distortion is 

gives rise to  squeaky speech shown in Fi;. 2. \$:here the dotted line 
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and thick line coincide, the mag11ific;ltion Thus a wave emitted bj. a transmitting 
is correct, but when this is nor so, the station situated 011 lancl ~ o u l d  not neces- 
(lotted line sho\vs the portion inc:orrcctly sarilg. travel in a straiglit.line to  a ship a t  
magnified. sea. Using the light \vave as an  analogy, 

I t  is :llso possil~le to have a con~bination the passage o:' the il.ai7c. fro111 land to 
of tflese two defects, in which case the water affects the I-elocity ol the waves 
~ p e e c l ~  ~vould I:(: blurred or mufflcd. and resulls in refr;iction. 

T11csc effects llavc to he carefullj. Fig. 3 illustrates transmitting station 
against, both in line t(.lephony on land con~municating \\,it11 a ship station. 

ancl in tlie transmitters, as well as in tlits Let ;JB be a st]-aigllt linc hetlvccn the land 
amplifying cletcctors used in wirc:less tele- station and the ship. I\'hen tllc wave 
phony. I t  is, generally speaking, in thc: reaclles a ~ned iu~ l l  of different density, i.e. 
amplifying cletectors, especially \vhen notc: the sea, it is refrac,tcd and the path of the  
or low-I'requency magnification is used, wavo is represc:ilted by ACB. If now the 
that  most distortion is likcily to occur. ship is fitted with direction-finding appara- 

~ i ~ t ~ ~ t i ~ ~  of Electro-magnetic Waves. tus and thc  hearing 011 the shore station is 
~ . ; l ~ ~ t ~ - ~ . ~ ~ ; ~ ~ ~ ~ t i c  ,I.aves of tf ic lengtll taken. tlie anqle I)BC \sill be obtained, 
llol-lllally u-etl in telegl-;l,,hy ,;llav wI~cl.eas tile correct angle is DBh. The 

actual l:c,ai-ing obtained is, therefore, in- 
correct b!- the angle (.'B:\, ancl this: error 
may b~conlc. 1:irgc.. 

I t  should be notctl, for example, that  
the  deviation fro111 the correct bearing 
will becon~e greater as the angle between 
thr. pat11 oj the n-a\-e ant1 the shore 
becoInes nlore nclitc. 

( t , )  .Y?,.hl <,Y;.cfs. . i t  nigllt tirne there 
arc a nurllbei- (ii effc1.t~ ~ v l ~ i c l ~  sometimes 
infl~icnctb tlic acc:uracy c,f I>earings when 

! ol)t;lined 1)). 111eans 01 \\.irc.lcss direction 
i~ndc~rs.  Tlit~se e f i ~ c - t ~  -.are gt.nerally ternled 
" night c~ffccd s," I:(.( ausc., as thc name 
implies, tllcv are l)re>cnt only during the 
dark 110111-3. 

In dirt.ctio11-linding \\.orl; bj- \\.ir.cIess 
1 methods, tli(x bearing of any transniitting 

station is founcl h>- illcans of an instrunlent 
ELECTRO-MAGNETIC DISTORTION BY WATER called a 1-adil)g.onionllter, or search coil 
~ ' i ~ ,  3. f ~ ~ \ ~ ~  the ref,-acts tllc JJath ,,f a wirclc,ss unit, an(1 1 ) ~ -  :IIP:IIIS (lk s ~ ~ e c i ~ ~ l  con~~exions  
\vn\c is illu\t~-;itctl .  This fortn of distortion has of the recc.il-in,q apl~aralus the radio- 

to bc: conhidercd ill tlirection fiiiding goniometer indickltc-3 l l ~ c  directicjn or bear- 
ing of a ti-an>mittillg station when signals 

suff~i- distortion due (I&\ to 1-cf1~3ction of' the 01 nli~lilli~lln i r~le t i s i (~ .  art. obtained (see 
waxrc, and ( h )  to a series of pllenomel~a Hcliini-Tosi .lisrial.) 17nder nornlal work- 
c-:illcd " iiigllt cffccts." ing conditions this i i~inimu~rl  should be 

(a )  -\n clcctrcJ-magnetic S~I;II-I> ; ~'xtci~(1ing olil!- over a degree or 
w ; ~ v C ~  \\.ill1 s,l(.ll a freqllc.ncy J.; is t\vo. T l ~ c  11.g1lt c f ~ ~ ~ . t . ;  Inaj. causc the 
in nir.i.lc5b ~c,]~~gr; lpl l! ,  is ;,fiec.tL.d ll4. tlic n l i ~ i m u ~ n  10 I:~'Y:oII~( ii~dclinite, although 
lnr,diulll o\.cl- \sJ,ic.]l it travel5, ;Lnd is re- ill? 1:c;lring llla!. 1:c. incorrect, the mininlum 
fr;,,.tcd in cs;rc.tl!- tlic. same \say as a healll to he sklLirp but the 1jeal.ing iiinccul-ate, or 
~1 ligllt it p2t;ic.s or out of a a con~ t~ ina t io l~  oi botll ~flccts.  Allso if two 
n-ic,t]iulll of greater or lesser deIlsity, A bearings arc taken 011 t\vo different stations 
]jgllt wave js refracted hecausc {Jn elitering it 1s s~l l le t i l l lc~  impossible to obtain a 
;I nlr.(liulll u i  ~rl-catcr or ~csser- density corrt'ct i1ilers~:ction. Further, rapid varia- 
;~hs(~rption of the nlec[illrll cause.> a c-lange tiolls nlaJT occur i11 tllc signal strength 
in vclocitJ.. ~h~ sanle eficct occurs ill a and makc: acc:uratc. dcter~nination dificult. 
\va\-c used for wirclcss te1cgr;~phy-the Fully to explain the cause of night effects 
t\vo wave.; are, in fact, the  same, and both would rcquil-e a mathematical treatise, 
~il-c propagat cd in the ether. but it may briefly be stated that the cause 
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is due to a polarization of r21e c,lectro- DISTRIBUTED CAPACITY. Inhcrcnt 
magn(:tic nave  and the \-el-ti1.81 ;rilgl(: of (:;lpacity 01- condcl~ser effect in a coil of 
incidence of t l ~ c  wave a t  ti:c receil-ing mire or other form of electrical appar;ilus. 
aerial. I I I  such cxses tlic: current as it ilows 

'l'llc ~nagnctic force of ;in electro- tlil-ongl-1 t h -  condi~ctor sets up  a local 
~n;i:;.nctic \ \ a r c  can 11c rcsolvcd into itvo n agnetic ield about it,  and also an 
c ~ . ~ m p o ~ ~ u i t s ,  a vertical component arid ;In ciectrostatic field wit11 lines of force 
Iioriaontal, aiid tlcl~cnding oil the al~gle j~;trall(.l to the conductor. Conscquciitly 
of incitlcncc of tllc wave on tl!e rccci\.ing ;idjaclc.r~t cc;ndition.; become in effect a 
acrid,  so ~vill tllesc two compo~icnts afiect icrm of miniature condenser. The i~lsula- 
tlic irame ;ierial of tlie c1irec:tion-finding tion of the xvire has a bearing on the efiects 
:ipparatus with a inore or 1t.s~ advc.rsc 111-oduced, a i  the specific inductive resist- 
cffect on the sliar~)ness of the minilnum ailce of varlous incculatoi-s varies. Air is 
reading. very good dielectric, and to reduce the  

Elcctro-magnetic waves frcr~n a trans- distributed ( apacity the wires arc arranged 
mitting station may be rccc-ived dii-ect in such a w.ry that they arc separatccl by 
iron1 the transl~littcr, and al;o after re- ark air gal)! and the induced nlagnetic and 
flection fro111 what is lino~vn as the clectrostatlc f~elds 1)etween adjacent turns 
" Heaviside Layer." Fig. 4 shows the of the n-ire are reduced to a ininimum 
path  of a direct and a reflecteil wave, and value. 

This is attained in various wavs accord- 

DIRECT AND REFLECTED \VAVES 
1:ig. 4 .  C i l a ~ ~ ~ i t l ~ :  p11;ihc 1.elatiolls11ips of the direct 
and 1-eIlccted Avsves cause distortl, In, and the 
lxaring of a transrnittcr is accortlingly given 

inaccurately 

as a result or the cllanging pll:~.e rr,latic)n- 
ship of tllc dircct :lnd rc.llcctcd \va\ es, the 
I)caring of t l ~ c  t ra~~smit ter  i l  rcndcretl 
innccuratc. 
, . 1 lie distortio~i of electl-o-iilagnetic wa\  cs 

is a subject on \vhicll mucli ill\-estlyatiorl 
is still ~ I - O C C C ~ ~ ~ S ,  but graduall!. tlie cause.; 
are I)cing tliscovered and stc.l~> tal;cn to 
ttlilninate tlie inaccurate rcsults sonrc- 
times o l ~ t ~ ~ i n c t l  ~vllcn dircctioi~-fintli~lg is 
carrietl out at  night. Scc Direction k'icd- 
ing ; Goniomcter ; Heavisidc Lclj.er. 
DISTRESS CALL. Tllc distress call is . . . - - -  . . . or S.O.S. I t  should l ~ e  

:mswcrc.rl by any station or ship that hears 
it, unless tllc>rc is: added thc c;~ll  of any 
particular station, \\,hen that  station alone 
replies. Any ship or station hcaring tlie 
distress call stops al! other transnlission 
or reception until the call is answered. 
See S.O.S. 

iny to tllc purposc and mode of construc- 
tion of the coil. Onc example is to wind 
the wire in a criss-cross way, so that  the 
induction of one turn of tlie wire is largely 
destruyed by the induction of the next or 
adjacent tui-11. 

112 another system the windings are so 
spaced that an air gap is maintained 
k~ctwcen cacli and every turn of wire, and 
of sufficient amount to destroy the effect 
or reduce it to a in~nimum. 

The distril~uted capacity effect is mostly 
felt in the case of a long coil, and is most 
prono~ncccl .tt the ends. 111 practice the 
111ultila~-er coils ~ o u n d  on one of the 
nunlerous tl~io-1ater;ll systcins gives the 
i ~ l i ~ ~ i n l ~ n l  cifect. See Capacity ; Coil ; 
l>ielectl.ic ; f lont~yco~nb Coil ; Inductance. 

DISTRIBUTION BOARD. il clistribu- 
ti011 1)oard is a link bctwclen any ~lurllber of 
ihoiatcd units ;ind the main source of 
electrical su~iply. The illustration sllon-s 
a typic;ll dlstril~ution bo;jrd for wireless 
~ I I I ' ~ O W S .  11 is the r-ear view of the bcmrd 
uscti in conjunction n-it21 the 3Jarconi 
1)uples n.irc.l~:ss telepllo~le set to coiinect 
tllc powc:r supply to the receiving and 
tran.;mitting .~pparatus.  All the apparatus 
ncc essarj- to cnablc directly generated 
current to be used lor wireless work is 
asscn~bletl on the boai-[I, collsisting chiefly 
of condensers and cliokcs. The ordinary 
apl~aratus associated with the generation 
oi  electricity for any purpose, such as 
fuses, and circuit t~realiers, is also fitted. 

l 'he front ef the board has two rows of 
terminals, each one lal~clled, so that their 
conncsion tcr the . various instru~nents, 



DISTRIBUTION BOARD - - - - -  - - - -- -- 7% - 
- - -- - 

DOUBLE CLICK 
- -  -- 

BACK OF X.A. POWER DISTRIBUTION UNIT 
Iaolated uni ts  arc coiinrctcd u p  by ;I clistl-ibution bl~al-~l.  This is a k)acl< view of such a boarcl ;IS 
used wit11 the AIZII-coni duplex wirelrss tt.lepllr~xle set, and ;;ives n cle;.r idea of thc wiring a11d 

components, incluclil~g contlensers and cholirs 
Cou~tesv .IIrrrco?iz I Y ~ r e i ~ i s  Tr lc imeh  Co.. L (1. 

valves, etc., is a matter ol the u t~nost  
sin~l~licity. The board is erected with :I 

ivire-mesh cage surrounding i t ,  in ortlcr to 
protect thc user frvm danger of shock, ancl 
the board from mechanical injury tlirougl~ 
accidents arising fro111 ialling objects. 

DOLEZALEK ALTERNATOR. A 
special typc of high-frequency alternator 
~uadc in se\.eral sixes and types, incluciing 
tllose for the audio-frequencies of zoo to 
~o,ooo alternations per second. A simplc 
~narhine of this type has a toothed and 
lan~i~zated ring or disk, rotated near 
to the poles of an clectro-magnct whicli 
is magnetized by a winding carrying 

direct c.urrcnt. Near to *he cnds of tho 
poles other secondary \vindings are pro- 
vided, and tl~cse have an altcrn:lting 
\.oltage induced in the111 by tlie variations 
of nlagnetic flus rcsnlting fro111 t he passage 
of the toothed disli r l ic machine is run 
I)y a direct current il~otor, and in sonzc. 
cxses the speerl is steadied and c:ontrolletl 

I I)y the provision of n small dircbct current 
elyn;umo couplcd lo tlle opposite cncl ot 
t l icx n~ :~ in  ~11:~f t .  St', I l t e rn :~ t~ )~ . .  
DONITZ WAVEMETER. .\ clt.,,ed- 

c,ircuit n.;~\,c%~ncltcr, conlpri~ing csscntiall\ 
:I c.ircul:~~. incluc~t :\nc,e coil nf I<ll(l\\-n \.nluc 

D 95 

In serics wit11 a \rarial~lc air condensel.. 
Part  of the circuit is inductively connected 
to a second circuit, which includes an air 
thermometer \vith a fine wire platinurrl 
coil sealed in the 1)ulb. 

To measure tllc: frequency or wave- 
length of thc osc.illations in a. circuit a 
loop is lorizlcd in it, a ~ l d  this is brought 
near to the coil on the wave~netcr. ?'he 
condenser is adjusted until the air ther- 
mometer shows :L maximum, when i t  is 
taken that  the oscillations in the circuit 
and in the wavemeter are the same. 

.Is thc: va!ue of thc inductance and 
capacity in ihe wavemeter are known, 
the valucs for the external circuit are 
then known. 'Yo increase the wave-length 
range tllc inductance coils can be altered 
ancl others of different value substituted. 

DOUBLE CLICK. .A method ol nieaiur- 
uig t h ~  effective capacity of an aerial or a 
variat)lc c.c-)ndcilser, or of determining thr 
1nducti1.c value of a coil when a callbratetl 
condensc.1. is av:+ilable 

In the figure is an osc~illating ~ l r c u l l  
cc~mprising an inciuctance, I,,, to which 1. 

variably coupl(:d a rc~:~ction c.oil. T*::. .A 
tuning condel~ser 15 connectetl across I., 
t 1 )  \Tn~-\7 the t ~ ~ n i n c  o f  tllr gr.icl c,ircuit. ' 

P R 1  
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DOUBLE.HUMPED WAVE 
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The remainder of the osc-illator circuit 
follows standard practice. 

In order to test the capacity :rf an 
aerial a circuit is arranged as shon n on 
tfie left of the figure, and consists o f  ari 
inductance coil, I*,, variably couplcd to the 
inductance, I.,, in tllc osc-illator circuit. 

v 0 1 1 ~ .  entl of tlie inductance 
I,, cc~nnccts with one side 

DOUBLE.CLICK CAPACITY TEST 
Aerial capscity can he axel-taincd by the 
mctliod c ~ n p l o ~ , e d  in  the  :tbove cii-wit. 'J'u~iiiig 
the twn cliclcs is accclmpliihctl try the two con- 

~ l e n s u r s ,  which niuht  I)c c:.llibratccl 

of a calibratctl variable co~ldcnscr, C, ,  and 
to earth. The opposite end ol' the in- 
ductance is joined to t l r ~  ~nctvinq arm ol 
a two-way s~vitch 

To tliesc switch studs arc (.onnccted 
respcctivcly the other elid of the calibrated 
condenser and thc acricil. Tlie inductance 
Id, is c-hoscn to .  give tlie tlesil.ed wave- 
length on whicli tlie c~apacit>- of the aerial 
is t o  be :iscertainecl. 

To operate the apparatui tlie s\v~tch 
arrn is connected to the at,rial ant1 the 
condenser C1, and the coul~ling L~ct~-ccn 
I>, ant1 L, varied until a rliL.l; is heart1 in 
the 1ic:rdplionc~s. Tlie click will Ije licard 
again on turning back t l ~ e  condtmscr, ant1 
the coupling is varirtl ~ u ~ i i l  the clicks 
nearly coincide. l'liis irlcli<~;ttes that tlic. 
two cii-exits are in resonance. 3licl\va_\. 
between tlic t \vo (-licks may be taliell as 
the point of true rcsonance. 

Tlie sn-itcli is now cl1angc.d 01-er to the 
othcr stud, thus disconnectiiig the 'terial 
and inclutling the calibrated condt:nser. 
The tuning of the oscillator circuit is not 
changed. The (.ondenser (:, is now slo\vl>- 
I-otatcltl until the clicks ;ti-c! again heart1 
in t l ~ e  tc~lc~)lio~ic~s. The niidnay point 
1)et~vet:n the tcvo clicks i- tile .lerial 
capacity a t  tile wav!x-lengtli chosen. On 
long ~vave-lcng!lls tlic aeri.11 c;lpaclty is 
nearly const ant. 

Tlic value of any recluii-ccl inductance 

arid capacities nlay be ascertained by the 
tloublc-clic,k nletliocl in a similar way to 
the foregoing by the use of a calibrated 
waxrc-mctc~. See  \L7ave-meter. 

DOUBLE COTTON COVERED WIRE. 
.lbbreviattld as I>.C.C., this expression 
refers to  a particular type of insulated 
copper wire extensively used in wireless 
work. A> gcncrallp used 11y tllc euperi- 
menter it is supplied on a wooclen spool or 4 
bobbin, and in quantities ~ncasurcd 113' 
cveight. 

7 .  1 lie insulation is cornposed of two 
sepal-ate and distinct Iaycrs of cotton. 3' 
The first, or that next to the wire, is often 
laid illore or less in tlie direction of the 
length oi the wire. T l ~ e  outer or second 
covering is ~vc!uccl ai-o~lncl t hc first, efi- 
ciently insulating the wire. Such wire is 
chieflj; uscd for winding inductance coils 
and the lilte. Obtainable in different 
coloui-cd ~:otton coverings, it is easy to 
distinguisli the various parts of a circuit. 
l'hc grid circuit, lor. example, coulcl !,e 
wiretl wit11 red and the plate witfi blue or 
cvliitc. 

1)ouble cotton covereci wlre is obta~nable 
in a rar~gt  of sizes known by gauge num- 
l:ers, these haviiig I-clt.rence to the clianleter 
of the W~I-c .  Hi-itisli-maclc wire is generally 
solcl in ;Lc.cortlance with the I.S.W.G. 
sizes,, ant1 in cc11nj);iring tflc various tables 
ot v:ilucs and turns per inch, and so iorth, 
thcsc gauge s i ~ c s  ought not to be confuscd 
with the wire sold by othcr nation:~lities 
who use a scrics of sinlilar gauge llunlbcrs 
but of difierent siztrs to the I.S.\Z'.Cr. 

DOUBLE-FLUID CELL. A primary 
cell using two electrolj-tcs. The lllost 
conlliloil ioi-111s c)f clo~~ble-llllid ~(~11s are thc 
Fullc,r, Llaniell, Grove, and tlie Bunsen. 

In  the nlajoi-ily of tliesc cells the electro- 
Iytcs ;ire separatc,d by nicarls of a porous 
pot. :In exccpticri~ to this is sc.eii in the 
gravity 1)ani~l l  tell, in which, on ing to 
t t~eir  tlifierent spcciiic: gi.avitics, orle fluid 
rests on top of  tlie other. 

l'cjlarieatior, is one of the difficulties 
c:ncountered in all primary ceils, but as a 
ge~leral rule dm~blc-fluid cells suffer less in 
this respect. 111 the,.l)aniell cell one o l  
the fluids, copp(:r y l p h a t e ,  acts as a 
tlepolicrizer, ant1 in the Grove cell nitric 
acici acts as a depolarizer. .Size Daniel1 
Cell ; Gravity Cell ; Grove Cell. 

1 
DOUBLE-HUMPED WAVE. i l l 1  

irregular wavc radiated \\hen ail ope11 
c'ircuit i3 osc.illating t o  two frequencies, 
usually a i  tlic rcsult of coupli11;. the 
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I>OUBLE.POLE SWITCH AND ITS COKTACT ARMS 
big.  I (]?i t) .  C O I I . ~ I ~ C ~ : O I I  4 1 t  :I si11111k ~ I ) I I ~ I ~ C - ] - ~ C I I C  . ~ \ - l t ~ l l ,  :IS  \eel1 i l l  this pt~otogr:~l)I~, is ea5ily c a r r ~ e d  
out l)y tlic ;rm.it<~~~r. 1)ctaiIi of tlic nicthc~l ol con;tructioli ;tie :i..-e11 ill t!~e follo\%-ing figures. 
I .  2 1 1 t  T\\o cnnl;ict a rms  arcs s\';,i ( ~ 1  i ) ~ -  a n  clrotrirr >:il-\\.ittl ; i r r  xdtlctL h:inrll(., also of ebonite 

i i i  I o ~ l i  0 i 1 1 t i 1  1 i t  I .  l t  is i i i l p~r t i~n t  t h i ~ t  
ti-anston~~c:r too t i~ l l t l y .  Tllc- ~,ilcc.t 1s thew -cre\vs should not toucl~,  and also 
511on.n g~-:tl~llic~;~lly ! I> ,  a eloul~lc 11~1111~1 t l ~ a t  tlicy sllc~uld not collitle with the fixing 
1~c~soll:~llc~~ c111-\-~,, tll? t\\.o pc:11<s or l l 1 ~ 1 1 1 ~ ~ ~  scl.e\\.-. 
in n.liic.Il tlcnotc. t110 irregularity 1-cicrrcd .\notller cljonite k~locli slioultl be pre- . 
to. 5'i.r \\'a\.i.. paset1 tii f i t  be twen  the two contact arms, 

DOUBLE MAGNIFICATION CIRCUIT. aricl  securetl to tlic111 wit11 sluall brass 
An exl)res+ioli >!.lron!-mcJu; \r.itl: d~rnl ~cren-s, \\-Ilic,h allst) must bc well separated, 
: ~ ~ i ~ l i i t i c r  i i ,  I -  1 c is as s l i o \ ~ ~ ~  in 1:ig. 2. -1 srnall cl~onite knob 
cc~nstrainc.tl to pcbi Ion11 tlit. t111tic.i ~lsually rnay ilim bc fixell to thtl upper surface of 
1unc1erlal;en I)\. t \vo \.alvvb i I this ~ c c  ond I~ loc l~ ,  which acts as a handle 
.~ll~lpliiic a t 1011. ' ior raising and lolvrrir~g the (.ontact Icvers. 

DOUBLE-POLE SWITCH. .I 1iir~c1i;inic~al 'The cc,nt:~c.ts tlicinselvcs arc: iilade I)y 
tlevice lor intt>rrllpting 110th pole.; o f  the cutting fvur pitcea of col111er to a T 
source of su1q11y of c~lc~clrii~tl ~ ,~l r r - t , r~ ts  51ial)t'. jjuil( liiiig a Iiole through one leg, 
siniultirrli~ously 11y t l ~ c  movc~inc.~lt of any a~it l  i~c,r~tling 111~. ( 't11c.i-s to the  shape slro\vn 
liantllc. 01- sivitch arm. 

Tlic construction oi :L s111;111 
doul~le-~iole sn.itc.11, .;~lon.ll in 
Fig. I ,  suit;~l)li. for the colitrol . . 
of lo\v-te!isic~n c.urrcnt, call 
I-c,ntlily I)c u1idc1-t:~l;cln 115. tlic 
c s l~c~ i~nc~n tc i -  Lrc,111 silnl)lc. 
I r 'rlic. I ):tsc, 111;~~. ~ ( 1 1 1 -  

xist of n 1)ir.c~~ 01 cl,onitc. 

:~ritl 12 in. ~viclc, or othc:r - i~c ,  
CONTACTS OF DOUB1.E-POLE SWITCH as may Iic most coiivcmic,nt. 

' I -~ ,  o l l c ~  elltl ( , i  tllis I , ; ~ ~ ~  is 1 : 1 ~ 3 .  O11c fit tlw t o  p11er contactsi .  see11 (111 thc 1.ig1it in the 
flat st.ite, and .inoilier on i11c left i ~ >  belit to  shape. This com- :~ttacl~ec! :t s~\l)sta~iti:rl I)!ock !,clricnt i;  vvr:. simp!? to j>rel>:ire 

of cI)onitc, iisc'tl I)\: nlc8;~!i.; ( I [  

t\vo slllilll s(.l-e\vs p:lssc(I tl11-011g11 113 Ill1 t11e 
untle~--itli, of tlica 11ax - Follr sc. r,w Iiol~-s blioul(l lje drill~~cl P 
thl-ollg11 tlic cc~riic~s 0 1  tlie base lor J.iste11- 
iiig [)Urp(JS?i. Tlic~ s\vitcli 211-111: ai-e 
s in~ply  txvo sllurt, straight piv(.cs oi strip 
1)rnss 01- col)pc1r, al)Ollt 1 in .  n-id(, ;LIICI 
, I I .  'Illcsc, :li-c l i i~otc( l  olle on 

i c,ac,lr sitlc of thc c-l~onitc 1)1oc.k, and I;t,pt in 

1 
1)osilion l ~ y  sci-(,I\-.; ~vliicli 11;~s. tlirougli tllta 
\-II-:IS~ str-i!? ~ I I I I I  ~ ( , I - ( T \ -  iiito l)li~i(l 11oI(,s i11 

. . 
111 tlle illi~stratic~il, Fig. i. l l ~ e s e  should 
lie clost,tl 1111 so that  the two sicics of the 
contact jaws just t0uc11. They arc tlien 
sc:c:urecl to t l ~ e  1);tse I)y folir srnall brass 
sc.rewh, as in Fig. 4, and :Ire arranged t \ro 
co~ltacts on t.3~11 arm, ihe ebonite cross 
1)ar and handlc going bct~veen ttiese 
(x)iitact:;. 

Coi~n,.xion shc~ulcl be rnatle by tatting 
one \virr io olle ot the conlacts add another 
I\-irc Irorn tlie sccc~nci contact on t h e  sanie 
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side of tlir I)aw One  of thew . 
\\rircs i. tllcn co1111~ct~'d to. 
sa~ . ,  t Ire ~~oci t ivc  sidr: 0 1  t l i t .  
low-tension 1);~ttcry ant1 the. 
otliei- \\-i~-c: talicn to tlic. 
rccei\.ing hct, or \v l~c rev~r  t l ~ v  
cul-rent ih to I I ~  deli\-ered. 
Tlie two conlacts on tlic 
o l~lx~si te  side of tlrc l~ase  are 
iimil;irI!. \\.ireti anti conncctctl . a 
t o  the negative side 01' tltc 
I~attrr j , .  (Conscc!uentl>~, n1lr.n 
thc Icvcrs ; ~ r c  pressccl t l o \ \ -~~  
into contact, I:otl~ sides (I[ 

U 

the I~atlery are conncctctl. 
whereas wlicn tlic lc\.cr is 
lifted, ljothcircuits arc I~rokcn. 

A11 example of a comn-iercial 
type of switcl-i is sllon-n in 
Fig. 5. Tlle switcll lias a 
cliina l~asc: and substantial 
copper tm'o Fig. 4.  Contact5 as shoxvn ill Fig. 3 arc secured to  the base with 
switch arms are connected by scl-el\-s The spring grips must he in line, so tha t  the switch 
an cbonite crossbar having a :Irlns fit rit11c.r pair mitlioi~t 1)enriiqg them out o f  s11;~~)c 

knot) at  t l ~ e  outel- end. Con- 
~lcxions ar-e m:rdr% 1)y thc. sn-iall scrcns a t  lbol~lt 1s tliat t:otli tlic positive ancl the 
tlic basc of tlic contacts, and in t11c rase of negati\-e sides of a circuit are severer1 or 
1)ernianent connrxions tlir n~irc's could connected siniultancously by the move- 
p~-oiital)l\. be soltiererl to tlieni in addition ment of 3 sli~itcli arm or liandle. On large 
to ensure a perfect electrical ionnexion. \vork, as, for example, in a po~vcrful 

0thr.1. 11;itter-ns of double-pole switclles transnlitting station, the switches are of 
arc matlo, Ijut in all of thern the essential consideral~le sizt, and incorporate various 

features, such as a quick hi-eak dcvicc and 
other means lor the  safety of the switcli 
;tr~d the atlequatc control ol thc circuits. 

Ilouble-pole switc1ir.s should alu~ays be 
used for the initial control of the current 
from a powerful source of supply. 

DOUBLE - RANGE AMMETER. A' 
tlouble-rangt= amnletcr is an anlmctcr 
r.;~pal)lc of gil-jilg two independel~t ranges 
oi readings, t:otll frc~m the one movement 
and p ~ i n t r r .  .In!- t y p  of instrull~cnt is 
huitat~le for the purposc of gi\.ing two 
ranges. The double-range instru~rlent has 
1\vo scales arrangcti con~cn t r i ca l l~  upon 
the one dial or scale plate. and instead of 
the usual 1\vo ten:~inals, threc arc fitted ; 
onc twing co~nri~on to 1 ~ 1 t h  I-;tilges, the 
other twc] heiilg tlic ~~ltci-native positions p 
(,nabling [~itllt~r range to t > t x  usrtl a t  will. 

An amii~cter lnust always be placed in 
series in a circuit, and therefore the whole 
of the cui-rent in tlrat circuit would pass I3 
rhrough the meter windings were llot 

Fig. 5. Switches of this lii~ld arc incspensive to  
I~uy.  Tlrc above is n commercially made switch 

ineasures take11 to avoid it. I t  will be 
a cllin;L base for insulation .lnd is .~[l~lr(~ciated that  for the nleter winding 

provided wit11 two sets of contacts l o  carry ;I I-urrent o f  anything over a 



fraction of an ampere ~vould be very bad for 
thc instruinent. This applies particularly 
to those of the moving coil type. If tlie 
whole load in a circuit were to pass 
through the windings, they would either 
Iiave to he 111ade very heavy anti bulky. 
or else they mould heat up and 11urn out 
very quiclcl3. 

For this reasoil all anrrneters haize a 
shunt connected across the winding-, 
ant1 use of this dchvice is made in the 
doul~le-range instrument. These shunts 
arc really very low resistances designed to 
carry tlie mnxinlurn load the instrument is 
ever likely to carry. They are usually 
made of strips of stalloy held in slots 
cut in massive copper 1)locks. Each strip 
is separated froin its ncighhour b3. an air 
space, in order that any heat de\~eloped 
riiay be freely dissipated. 

Instrunients reading only up to a ie\v 
amperes have the sliunt contained inside 
the case, but those designed for heavy 
work have the shunt fitted externally to 
the adjoining switchboard, and connected 
in parallrl with the instrunlent I)y large 
copper leads, as short as possible. 

5 anc'e It n.ill be realized that as the rc i . t  
of the shunt conlpared with the coil is very 
low, the I~u lk  of tlic current passes through 
the fornier. Thereiore by substituting 
one shunt for another of different ohrnic 
value, it is possil~lc to make the mctcr rear1 

as nlany different 1-allies as there arc 
.;hunts, for any given needle deflection. 

In the c.ase of nlovirig coil instrunlents 
it is only necessary to have onc :~c:tual 
series of dixisions, for thc needle deflectiol~ 
is directly proportional to the current 
value, and therefore tu70 different numbers 
against each numbered division is all tliat 
is necessary. Moving- iron or hot-wire 
instruments, howe\.er, nlust necessarily 
liave two entircly separate scales; each 
individually calibr;~ted, lor the scaling of 
these instruments is not at  all even. 
DOUBLE-RANGE TUNER. '.I variablr 

inductance ha\-ing two clistitlct indur.- 
trinces, one usually designcd for sliort 
wax-e-lengths and the other for longer 
wave-lengths. Tfie most cornmon forin oi 
doublc-range tuner is an irid~lctance with 
two sets ol' tappings. One provides coarsc 
tuning and the other fine tuning bet\~,een 
any two studs of the coarser tuning. 

Llnotlier type oi doublc-range tuner 
einploys a plug and socket arrangement, 
a l l o ~ i n g  an extra inductance to be plugged 
in to rcach a higher wave-length than tliat 
to which the inductance can be normally 
tuned. This inductance is calletl a 
" loacli~ig coil. " 

One form of clouble-range tuning coil is 
nlacle in wllicll two ~ a ~ i o n i c t e r  formers 
rotate in a stator consisting of an cbonitr 
tnl:cr Tlie tube i j  wound with t ~ v o  separate 

inductances, w 11 i c h are 

Fig. I 011 thc pane! of the  tuner srcn above 'Lre t w c ~  large 
terminal.; a t  the  back for aerial and earth colirlcxlons. B c ~ ~ v e e n  
t11c.m arc tlie ternli~ials for re:~ction. l'n-o tuning switchvs are 
seen, one is .for short  rvave-lengths, tile othel- for long wave- 
lzngtlis. This is a very convenie~it  form of double-range tuning 

inductance 

brought out to tags. The 
varionlcter connesions are 
similarly teriilinated in tag 
c~ids. This co~nl~ination per- 
niits of inany different coin- 
binations of wiring. I t  is, 
in fact, a double vario-coupler 
in which one stator induct- 
ance is wound for a higher 
wax-e-length than the other. 

.A useful example of a 
double-range tuner is shown 
in Figs. I and 2. Fig. I 

shows the exterior of the 
t u n a .  -1 ten-stud switch on 
tlle left oT tlie panel controls 
a bank of short l~asket coils, 
co~~veilirntly llouscd in an 
ebonitc 110s. 011 the right 
is a similar s ~ r i t c l ~  for long 
wal-e-lengths. The former 
will tune from z j o  metres to 
3,000 ~nctrc~s, and the latter 
up to 30,ooo metres. Between 
these stucls is a switcll 
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INTERIOR OF D O U B L E - R A N G E  T U N E R  
I'ig. 2 .  TLVO I;anlis of baqket coils are show11 set a t  right ang!es ? o  cach otlier. 111 tllc front are 
sccn the contact studs o f  the switches and k)ctwee~i them is thc back of the change-over switch. 
Control 1cnoI)s for these tlircc sxvitches nl;Ly be scc11 in  Fig. I .  The coils may be used ciiher 

for indllctalice and rc3action 01 for T-arlo~ncter effect 

enallling citlier to he used. lniinetiiatcly 
l~ehincl each suitch is an arrn operating a 
variably coupled coil, which 1il;~y 11e con- 
nected eitliel- as a rcaction coil or to give 
a \'a~-iorii'tcr effect 011 thc inductances. 
These features are seen i11 the illustration 
of the back of the tuner i n  Fig. 2.  I t  will 
bc noticed that  the two banks of basket 
coils arc set a t  right anglcs to  cach o t l~e r  
to avoid interaction. l l l e  s~vitch is seer) 
in front of thc coils, with the I~ack of the 
stud switches on either sidc. 

DOUBLE -RANGE VOLTMETER. A 
tlouble - range \701t~nctei- is a. voltmeter 
capal~lc ol giving two indcpcndcnt ranges 
of readings, both fro111 one rnovtmcrlt and 
one pointer. Either the n~oving coil or 
moving iron type ol insti-umcllt may t?c 
used for the purpose. 111 1)l:rce of the 
usual single scalc, two arc fittetl, arrarlged 
concentrically upon the one t1i:iI or scale- 
plate. I n  order to obtain t l ~ c  scc~~i id  ranre, 
citlicr a thirtl terminal or tht: usual tlro 
used in conjunction ~v i th  a pil.;h 11utton 
arc fitted. Should three tcllnin;ils be 
fittetl, onc is common to  bot11 ranges, thfn 
other two bci1.g connected ind(~~~enclelitly, 
one to cach range. 

Voltmeters nlllst ncc:cssai-ily be con- 
ncctcd across the mains, the P.1). of \vhich 
is to be rncasured. and thei-eforz must be 

l~igll-  resist;lnce instruments. They are 
also usually connected permanently in the 
circuit. 

It is general practice to connect a high 
resistance of constant value in series with 
thr: instrument coil, the mcter heing 
c;tlibratecI with the resistance in circuit. 
Tl~esc resistanccs must be of absolutely 
colistant value dcspite temperature 
changes, and for this reason are usually 
rnade of constan .in or manganin wire. 

r i g .  I .  Tliis type of voltmeter is capable of 
givlng two i~i i l~pendcnt  r311ges of readings by one 
movemcIit allti one pointvr. A push bu t tun  
shoivn 011 the riyht bclorz- the 11i:~l rnaliles readi~lgs 

fl-o~n c r  to  1 2  x-olts to  11' taken 
f'ourtrsv General E l ~ c t r i c  C o n ~ p o ~ z y ,  Lld. 
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In  a double-ransc instrument 
two separate resistances are 
used, one for each range, the 
instrunlent b t~ i~ lg  calibrated 
separately to e;~ch I-esistance. 

It s l~o~i l i l  I)? noted tt~ctt any 
v o l t ~ n e t e ~  of the moving coil 
typecan be iilndc to  read any 
tlc~irecl range :ll)ove that  for 
which it \vas ilcsignect 1)y a 
very simple method. In  ortlcr 
to do this, it is Ilecessar to DOUBLE-SLIDE TUNER 

tllc re5istallce of F,;.. I .  T~inlrlg coils \\it11 two s?id,~r;;ire commonly 
citcuit.;. The 111odcl zlloxvri al)o\.e ii easily madeand simple to' 

. 

instrunlent b!; a \\*heatstone adlust ,  j t  is lllc,r-e selei;tive tllat tile single-slide tuner 
britlgc: or other mctliod. If C<vrl.rcsj, E ! U I I O I ~ Z I C  : : ~ S C ~ Y ~ C  C O I ~ Z P ~ ~ I V  

then, for instance, it is tlesircd 
to make it read double the 1lulnl;er of nlellt of the parts. Tlic coil is wound of 
volts lor which it was scaled, a resistance insu1:tting wire on a tubular fornler, sup- 
of cqual value to itself must he  laced in ported at  thc ends by vertical cheeks. 
series with it. !is wit11 this (,lass of The lower parts of the  cheeks are fitted 
instru~nent the needle deflct.tion is abso- with projecting feet wit11 \rhich to fasten 
lutely directly proportional to t l x  applied tlie sr:t to the baseboard or elsewhere. 
volts, and as its rvsistancc i i  no\v tlnul,lerl, The upper part is fitted with two 

parallel scluare brass I~ai-s, and on them 
slide the insulated contact plungers. These 
make contact wit11 exposed co~ltact  paths 
on thc winding, a i d  the inner end of the 
plungers be.u 011 tllc untlerside of the bars. 
Terminals are provided for the various 
connc,xions to enable the tuner to be 
placed in a circuit. . . I his type of tuning coij call be used for 
a1mo.t any cii-cuit, and is frequently en?- 
plojred in crystal x t s  ; it is rather illore 
selecti\~c than a single-slide tuner. \Vith 
this class of tuner one oi the sliders could 
tune tlie aerial circuit a d  the otlicr he 
employed to tune a closcd circuit embody- 
ing the crystal detector and the  telephones. 
.\notlier way in which this tuner could be 
used is to provide tuning of the aerial 
circuit and also a reac~tioll coupling, the 

.~~ - latter govcrried by the second slider. This 

DOUBLE-RANGE POCKET VOLTMETER is ap~)licalde to a single valve set, with 

Fig. 2. Similar to tlic siniple pocket type of 
or ~vitliuut autlio-frequency amplification. 

vol~meter is this doublc-~-;~~lge volt~nt,ter. 1 S L . ~  Coil. 
pressing the pin on thc. right, x-nltage; from o tc~ DOUBLE-THROW SWITCH. .A rile- 
ro may be read. \Vhcn the  pin is iclea5ed I I ~  to chaIli,_al tlevicc Ivl,ereby a current oi 

roo volts car1 bc regiitcxred electricity, rcat liing tlle switch by one 
terlni:ial, can Ire hanclecl on from one or 

it will be seen that  the deflrction 1)er volt ,,tllcr two ;ellarate contact poirlts frolll 
will llow be ollc half of that  lori in ally wliicll the curre:lt is tal;c%n to  ally desired 
obtained. Tliis property of the nlo\.irig tile 2ipparatus ~t consists in 
coil instrument will be fou~ld ino>,t useful csscnc,e of a pi\.oted lever lnountcd on a 
in the laboratory. c.clltr:~l support so that  it can be turned 

DOUBLE-SLIDE TUNER. .An adjust- over ;uld its outer end can makc contact 
able inductance coil Iiaving t\vo separate n.it11 eillicr oi tlie contacts, which are 
sliding contacts. iZ standard pattern is arranged a t  ol~posite ends of the base 
illustrated, and shows the gcneral arrange- plate. 
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Fig. I .  3loutitt.d r)tl a n  cbotiitc box I. a c~~~trlplete Fig. 2 .  l'i\.cited c8n n ce~itrai pu$l  is a flat contact 
;111~1 -implc ~l~)il l~le-t l iro\r  ?witch as  madc I l v  ailit with an ebonite handle. .\ tclephonel 

tr3rminal can bc converted into a post I 

Fig. 3. ('cnitncts arc 11c1-e si1rm-n i i i  place wit11 Fig. 4 .  ('otnponcnts of a commercially made: 
one slottetl terrninal tletachetl. Tcrmiri;t!s slid doul)li.-tI~ro\v suitcli are s1101i-n dismounted. 
slottctl t~~.nl innls  arc co~inectetl t ~ v  flat copper Thrsc may bc inounted dircct (111 to the patiel i 

strips \vitlt,nut a separate bnse 

HOW TO MAKE A DOUBLE-THROW SWITCH 
I 

1)oublc-throw switclles are inade wit11 
tbvo sets of such Icvcrs and co~itacts, and 
arc then known as double-throu. doublr- 
pole switches. 

:I simple tloul~lc-throw swltcl~ car1 tx: 
m:icle up in a \.erg. short tiinc on a small 
cl~onite I~asc ~ilcasuring atlout '4 in. ill 
Icngtir and r: in. in  breadth, or any otllei- 
size that 1 1 1 q  I)c most conveniriit. Tht, 
contacts a r t  made from teleplione tcxr 
lnirials, 11y rvn~oving the set sere\\, on the, 
top anti rutting a slot clo\vn the111 to thch 
cross-wise llole which is always tlrillccl in 
tltis kind ol terminal. 

T1irc.c. ternlinills should I:e prcparr:d in 
tlic s;~ine way, and they sl~ould be mounted 
on thc I~ascl~oarcl by drilling thrce holes 
in line \vitli each ot l~cr .  uniformly st:par- 
ated, and towards tlie back part oi the 
t~aseboartl. T l ~ e  terminals may be sc- 
curecl to tltc hase 1)y tapping tht! ebonitt 
and screwing the ternlinals tirrnly into 
positio~i, cleaning off the underside flush 
and smootll. I t  the threads art. a ~ooc6 
t ~ t ,  no utllcr fastening will iw necessary. 

The cel~tre trrminal should I)(. drillctl 
through a t  rigllt anglrs to the slot, arid 
through t i~ i s  iilnj' I:c placc~cl sm;ill tiras: 
111n t o  ;tct as ;I pivot lor the Ic1.c.r. Tlii? 
c.:~u Ile nlntl' froin a sliort piece of Iras1: 
.;trip allout in \\.icli, : ~ n t l  ,L,; i l l  t11ii.k 

pivoted a t  one e~rci to the centre-piece, as 
in Fig. 2 ,  arld provided with a small 
c1)onite haildle at  the other. 

i l l 1  three ternlinals sliould bc adjusted 
so that the lever, when turned from one 
side to tlle other, nlakcs equally good 
connexiorl at  either end of its travel. 
Connexions should be madc direct to the 
ront;ict tcrnzinal by soldering the contact.: 
to thcm, plcferably by using capper 
cont;ict strips, which should connect the . 
cont;~ct  terminals to separate ternlirials 
with small milled-headed nuts, or of any 
other desired p;\ttern, along the li~lcs shown 
in the illustration, Fig. ;, one terminal be- 
ing rell~oved to show the strip conn~sionb. 

Therc are numerous examples of the 
conln~ercially niade articles on the n~arliet ,  
I ~ u t  clnt. pattern oi11y is illustratecl. as it is 
suite11 to the 1ir:eds ot those who preler to 
nrount the switch on the face ot thc  panel. 
.ls illustrated in Fig. 4, the componcnt~ 
are shown as they are sold, and all that 
has to he clonr to mount the111 is to  drill 
thrce llolrs a t  the correct distal~ces apart 
a~l t l  insert the scrclved part of the slianks 
through then1 Adjust the contacts and 
the arm until they arc all in linc, and 
tigl~ton the nuts beneath the panel. The 
sec.ond nut  can he user1 to secure tlw 
contll~ctor- Svr Iinifr. Switch. 
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DOWNHAUL. Naine given to a rope 
used to control and haul (1on.n an aerial, 
and also to any rope used to pull an object 
down fro111 a mast or similar structure 
.See Atrial. 

DOWN LEAD. Name given to t11c wire 
leading fro111 an :~erial to the instrunients. 
I n  ni;ln\. cases the down lead is ;i con- 
tinuation of the aerial, a few turns being 
t\visted rountl the avrial to prevent the 
wire fro111 I:c.ing pulled through tlie in- 
sulator. In  thc, case of a twin or ~nul t i -  

L wire acrial the tlo~vn lead, or Icad-in \!-is(., 
as it is altc~~.n:~ti\.c:ly called, is cont1ectc:d 
to :r n.irc: ioining cxrerv strand i l l  tlic 
acrial. 

I n  c.onstructlng an aerial, particular 
1 case must l)c ta1;cn 130th in tlie design and 
I erection of down leatls. The do\\-n lead 

sllould Ile kept as far away as possible 
fro111 trees, walls, or any other o l ~ j e c t ~ ,  
\vhicl~ will he found to have a bad effect 
if too near the down Icad. Metals (:speci- 
ally are to be avoided, as they have a 
dccided capacit~.  vffert on the aerial. 

\f-hcre the tlo\vn 1c;id cntprs the liouse 
care niust IIC taken to scc-ure pcrfcct 
insulation :uld provision matle to prevent 
lcal.;ages tlue to the presencc of ~vater. 
The tiown lead should be kcpt Iairly rigid, 
as it \ d l  give a v:rry~ng wave-length i f  
allo\ved to swing ahout in the wind, o\ving 
to a varying capacity with adjacent bodies. 
There is no need to insulate a down lead, 
unless it touches n wall or other substance 
a t  any point in its Icngtll. If this cannot 
he avoided tlic down lead niay consist ot 
hcavily-rubberet1 magneto wirr dur-ing 
tliis portion. It is of great iniportance to 
makc all j(:ints electrically perfect, and 
this (:an only 11c assured for any degree of 
pcrnlancncy I)!; well soldering. See A(8rial : 
Bradfield ; Insulator , Leail-in. 

D.P. ACCUMULATOR. .A commc.rcia1 
accum~~l:i tor of tlrcl lead-platc type, 111ade 
by tlie 1l.P. Haitcry Co., 1,td. The 
positive plates are of tile Plant6 pat t~?rn .  

This consi3ts (jf a plate having as !arge a 
s ~ ~ r t a c e  area as ~)ossiblp, in whicll the active 
~naterial is 1)rotlucc~d from the ~~ic ta l l ic  
lead of the plate itself. The po.;itivc, 
platcs are of ~-il~ht.d tlcsign. strcngtllenetl 
by hori;.ontal l~iniling 111~1::bers. This 
i~:ctl~od of consti-uctio~i permits o! frec. 
c-ii-culation of tllc c,lcctro!yte tlir-oughout 
the pl;itcys nncl gives H toug11 adh(~-ent 
.;kin whc.11 the plates have 1~c:c.n furnied. 
111 the design crl plates of the Planti. type. 
sucll as i ~ 1 . t .  11.;ed. in t11t- I1.P. accmm~~lator 

,9 -___ 0. P. ACCUMULATOR 
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every care is taken to  provide ~naxinlunl 
surface of lead consistent with r~icchanical 
strcilgtli. I11 the forming process this 
nietal!ic. surface is :.lectro-che~liicallv 
cliangetl to peroxide of leatl. Xany iuakers 
have tlitir own niethods of plate forn~ing, 
esact dctails of which arc not available. 
but thcsc ~ n e t l ~ u d s  ~nain!y quicken the 
process of fornlcition, which consists of 
repeate~lly charging and discharging the  
plates Dummy neg:itives are u ~ c d  in 

PLATE SEPARATORS FOR PREVENTING 
DEPOSIT 

J:ig. I .  I'atent separators are fitted to the abovc 
ccll, n-liiill is of tht. ]louse-lighti~lg type. 1<y 
Incans of this i~dditioil deposit 15 prevented from 
forming, ;is !eat1 pcronidc: is ar.rrster1 in its effort 

to escLipc from the positive plate surface 
Sulrrtesy U.P. I9o!trry Go..  Lid 

t!lis proc:ess, and the ( i~arging is carried 
out in 317 alternatv positive ant1 negative 
tlirection. 

The I>  1'. nc,pti\.c: 1)i;ltcs are built up or1 
tho Falire l)rlncil>lc. I n  this method 
spongy Icatl is pressetl into n lead framr- 
\\rork or grid. T~ l i s  substance has the 
grrat advantage of slightly :.spanding 
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when on charge, and this prop1.1-ty ensures 
perfect contact to  the grid, in addition to 
preventing any tendency to tall out. 
Negative plates made on the Faure 
principle ]lave very largely suprrsetled 
Plant6 ncqative plates. 

In  tli' I1.P. constrnction the negative 
plate is cncnscd in a perfor;lted shit.ld, 
ivhicli effectively prevents di~intcqration 
2f tlie plate. 

rliended \vhr:re the battery is liliclp to be 
subject to vibration 

Both sets of plates, in types where 
~>clrtabilitji is not desired, are fitted with 
projecting lugs, enabling the plates to  
hang on the edgcls of tlie containing 
I- ase el. Gla.;s tube separators are used 
bct~vecn the plates. A set of three cells 
enibodying thest: features will be found 
vcry usciul to the experimenter for wire- 

less \vork, especiallj? if facilities 
are available for charging. 

X battery of smal!er capacity 
1)ut of the saiile voltage as the 
foregoing is seen in Fig. 2 .  This 
lias a discharge rate of 33 
xctual atlipere-hours and a po- 
t ential difierencc of 6 volts. A 
~uhstantial  carrying crate and 
liandle n-ial<c it readily portable. 
See Xcc~lmulator ; Battery ; 
!7ry Cell ; Exide Cell. 

DRAIN CIRCUIT. 11 par t~cu-  
lar t ~ . p c  of rirc:nit enlployed to 
tninimize intel-fci-c1:cc i ro~i l  sig- 
1lal5 on sonie particular wave- 
length. -1s an exaniple a re- 
rci\,ing circuit may be tuned 
to receive signals on sornc 
particular wave-length, say, of 
the orrler of 400 inctrcs, or 
I hose commonly used for broad- 
c,asting. Froin a low potential 
poir~t on the aerial circuit a 
.,ecoiid circuit is tapped and 
~unet l  to become an acceptor 

WIRELESS D.P. ACCUMULATOR tircuit for the interfering wave- 
I : I ~ .  2. Six-volt portable batteries, as the c11v i l lust~ated,  are lengtkl. The 400 metre uave -  
usetl for filanicnt lighting and ge11er;~I exp~:ri~llc~ltal work. iellgth higllalz ~l-ill set all tlic 
Ternii~ials arc provicled  or^ tach cell, so that \\lien low ,jr,,its ill oscillation tllat are 
1-nltages are I-equired brle or nlort: cells car] be cut out, and 

each cell can be ~1st.11 sel~arstcly lunetl to it,  1)ut (~ll ly a small 
Coirrlrav D.P. 0 r c i l ~ ' r y  CO. :iniount of the energy will be 

c:xpended on tlie acceptor 
A U.P. cell embodying a new feature is circuit for tlie intcrlering wave-length. 

sl~om-n in Fig. I. This corrsists o i  a On the other hand tlie interfering wave 
patcritcd plate separator coiiiposetl of a will expend tllc bulk of its energy that  
special l<ind of felt 111adc t'ron~ spun glass remains after it has reached the tapping 
\pool. This inatcrial is in thin sheets point in setting up  osc.illations in the second 
of uniform dcn-;ity and t11il:kness. 111 i:ircuit, and as this is earthed the interfering 
appearance it is similar to a porous paste- waves are drained away and there should 
Imard. ant1 is stiff cnough t o  be vai;ily b ~ t  little or no interference in the telcpliones p 
liandlecl. Owing to its soft and elastic troin it. 
texture, it oliectually prevents t l ~ c  escape This type oi c~rcult  is uscful lor dealiilg 
of peroxidc from the r ~ ~ r f a c e  of the positive with a local anci persistent interference 
plate. Tlle separator is prel-entcd fro111 l'rorn some particular statioii. A sirnilar 

d 
actually toucliing the snriac:e of t l ~ e  nc,ga- closed circuit using a variable inductance 
tive plate b~7 the presence of a tllin sllcet and a vari:~ble condenser is used for tlie 
of porous \$-ood. .I 11~tterj7 ]la\-ing this purpose. See Interference; Intermediate 
type of elastic separatol. is to be recurl]- Circuit . LY:ive Trap. 
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DRAWING INSTRUMENTS & HOW TO USE THEM 
What the Amateur Needs for Wireless Designs and Working Drawings 

This is one of the many useful complementary sections in our Encyclopedia which 
render it a vade mecum, complete in itself, for wireless experimenters and amateurs. 
Here are described the simple sets of instruments necessary in ~repar inq designs and 

drawings of wireless apoaratus and the correct methods for their use 

ICrnployetl for the making of mec.hanical 
drawings, drawing instruments 111ay 1)e 
groul~etl undc>r tlrrec hcndings. I-irct, those 
wllicll fol-111 a guide antl support for the 
1);11)er, as, for c ~ s a ~ n ~ ) l e ,  tllc clra\viing board; 
secontlly, the 1.arious; articles u::ed for 
drawing the lincs, inclilding in this category 
those for drawil~g straight lines, as a ruler, 
antl tlrow for drawing curl-cs, or cc>m- 
p:~sws ; ant1 thirdly, the mi.asuring 
instrumc:nts Sor determining tht: linlits 
and ~)ioportionsof the diffcrcnt parts. 

:I grollp of typical inrtrun-1t~11ts is 
il1ul;tr;ltcd in Fig. r ,  which also sl~on.., a t  
tlic left, a converiient case for c-ontaining 
tlic objects, clamped drawing I~oarcl \vliei-e- 
on to mount tlie paper, ;L T-sc~ui~re, set 
squares, ruler, scales, and several tj-pica1 
instrun1c.nts. I:or an~atcur  11url)ost~s iil 
com~csion with the design of  \virclc+ 
a p p a r a t ~ ~ s  anti t11e prq)aration of the 
ncccssar~~ \\.orl;ing tlra\vingb, it \:.ill 011l> .  

Ile necessary to have a fairly linliteil selec- 
tion, and these lllight include a pair oi 
b in .  I.onlpasses. a pair of rli~iders, one or 
two ruling pens for drawing ink lincs, a sd  
of str-ong bows, antl a half set of small-size 
conllj,tsscs allout 3i in. ill Icngth. 3 goorl 
quality ~nahog: ,~nj-  fluted T-square wit11 
ct1oni1.c cdgc, onc 45' ancl onc 60' set 
square, pl-eiera:~ly of tlie celluloid type. 
a 12 in. l;os~rood ruler, sonle drawing 
pins. fixed Indian inli, and india-rubber, 
toget11c.r x i th  .;ollie penci!s ot assortctl 
degre~:sof harc?nel;s, ranging from B for 
rouqh s1;ctchc~ to HH for the line work, 
11-ill also I?(, nret Led. 

1'1it. ruling pens are made In slightly 
tliffcrc,nt ways according to the various 
1n:~licl-s' pl-actice. Tlicy ronsist essentially 
of an ix-ory, bone, (11- metal handle, at  tlic 
cnd oi \\-liicli arc, arrarigeci two oval-shaped 
stec.1 1)ladcs or nibs. 111 the sln~plcst forms 
thcie arc iliacl,. solid ancl can only 1)e 

INSTRUMENTS USED FOK DRAWING WIRELESS DlAGRAhlS 
12ig. I .  3[ccli;ti1ital clra\viiigs an11 di;,grat~is of \zirelcs; ap1,aratu: should 1 t: rrlade with great 
prwisinn, and in.tl.umi,nti as ill~i.;tt-atc!l al)i,~-c a rc  ncccss;~~.y for- m a l i n g  ncat arid accurate drawings 
from ~vllich apparatus is to IJC construc;c:d or- nir t ,d.  .I set such as the aLove 1s usually contained in 

a case, seen on lcft 
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by lneans of a sinall set-screw guiding its course with the aid of the 
On somt. patterns one ol the 1)l.ldes is fixed ruler in the ll~anner clearlv illustrated in 
and thc othcr is jointed or liingctl, so that Fig. 2. 
it call he folded hack to allon, the cleaning Spring bows of the pattern illustrated 
of the inside of the blades. 111 use, the ill Fig. 3 can be obtained made throughout 
t\i70 blades :Lre :rdjusted until the ti~ys in rustless steel, and these are exceedingly 
nc.arl~1 tollcli each other. The point is then convenient in use, as they never tarnish 
charged lvitli Indian ink 11. dipping a sillall or rust and arc always clean to handle. 
brush into the bottle ot 1ntli;in ink and Other patterns are made in electruin or 
transferring the ink with it to the space nic1;el silvel- al-ld brass. The latter arc 9 
t~etwcen the blades. Any ink that  night ol,jectionable, as they are siimewliat 
run over to the outside of the 1)lades must dirty in us?, tending to soil the figures 
l u  "cry carefully wiped off with a piece on the papc,r. Hoivever they are made, 6 
of soft cloth, such as an old 11;tndkercllief the spring 1,ows 01- snlall compasses are 
wrapped around the first finger. 'The used in the same way, as illustrated in 
l>lade:: shoultl be separated at inter\-als Fig. 3, 1'~' adjusting the distance between 
and tlie inside edges thorougl~ly cleaned the needle 1)oint or sharp-pointed end on 
troin the dried Indian ink, (11- tliev \%rill one of the legs and the point of the pen 
clog up and give thick, uneven lines. or pencil, as thc case may be, which forms 

The nest step is to hold the ruler firmly a .part of the other leg. Adjustment is 
on the dra\virig paper, wliic11 should be eftected by turning a  nill led-headed nut 
fixed to the drawing board with drawing which pres>es the legs together against 
pins. Tlrc pen is thcn grasp:d Iwtween the springi~~ess of the metal which tends 
the tliuml) arid lirst and secorld tirigers of to force thcm apart. 
the rigl~t hand arid Ilr.ld in a digl~tl!~ To draw a circle with them the pencil 
slanting position, and (11-awn alullg \\-it11 is shal-penecl to a tine point, or the pen 
tlic poiill in c:uut ac.t n-it11 thc. paper, charged with ink, as all-eady described. 

DRAWING A DIAGRAM WITH A DRAWING PEN 
Fig. L. L)~-s\\?ng puns ai-c frequently u i e d  in the ~n;il<ini; of diagl-am$. Thc pen scen in u s e  above 
is bcing elnployed with 1n:lian inlc. Tllc pen s i ~ o ~ l d  be llcld in a slightly slanting position, as  

illuztratetl, in ortlei- that the irllc may run  evenly 
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SPRING R O W  COMPASSES IN USE WITH INDIAN INK 
LLig. j. ('11-cics ;uitl cur\.es which havr to I J Y  i l~ ie r tcd  irl a cIra\\-ii~g :ii;idc in ink  art. ~ i l adc  b!. using 
;L i I ) l n l l K  I)cJ\ \ . .  Tlic I)clt t?-lx'% arc rn.ldc jl-orn rustles, s ~ e e l  n i t h  r ~ c ~ t l l t .  points. T l ~ c  connpas-;es are 

1 1 ( ~ 1 1 1  lislit!\. ;tt tllc tali. :I \  s1in\v11 i n  tile al>ovr p l~c~ t  ,ql.apli. l1y 'he t l i u m h  anrl lir-.t lir1~c.r 

Tlic~ illst~-t~l~lc.lit 1s then helcl ~)crfectlj 
upriglit antl thr: needle point placctl 
r,xactly on tlw centrc fro111 \\-liich tht, 
cil.clc1 is to be scribed. 'I'liis spot should I,(. 
clcfincd on the, 1)npcr by two s l~or t  lincs 
at right angles to each othrr. 'L'he corn- 
p;~ssscs are rotatcd t~etwcen the fingcr antl 
thunll) of the right hand 113' rcllli~~g thc 
finger across the ball of the thl~ml),  
thereby rotating the instrument. I t  i h  

necc~ss;n-y to prcservc a firm prcsssure on 
the papw and rotate the instl-urnt,nt in an 
upright position. The aliiateur will find. 
a t  iirst, consitlcrable difficulty in kecsping 
the compa~st~s  vertical a ~ i d  the pressure. 
cl-en. But it is only by cloing so that 
a ~~t.rfclctlp clcan, regular line may bt, 
obtained, es1)erially with inl;. 

Spring bows arc always matle e i t h r ~  9 with s pen ]mint-that is, for drawing - 
lines with ink-or wit11 a small pencil 'a I .  for drawing pcsncil lines. 

A third pattern is that 1<11on.n as di\-idc~s. 
in which both lcgs arc provided with verj. 
finc points. In all drawing instl.unrents 
the needle point should bc pr~, f~ ,~-re t l ,  as 
those illustrated in Figs. 3 antl 4. 

\\'lien 3 large-cliarnetcr cil-vlc: is to be 
drawn, sa?., ahout 18 in. or so, it is cus- 
tom;lry to  11st. a Irw~tileniag bar, and this 
fits into oil? of the lrgs of thc large com- 
p + s s ~ ~ ,  lvllich ;tre made with a joint for 
thls purpose. The joint may be s e c u r ~ d  
in v.lriou.; ways, a s  n-ith a set-screw, or 
may br: self-locking. I t  is provided to 
c.iiablc thc pencil point to be changed 
o1.m- to pen point o r  for. dividers, and to  
taki. tbc leng~hening bar as necessary. 
The instr~~nicrl t  is manipulated in the 
sanlr nianner, but in this case the circle 
is sc:ribetl by incans of moven~ent of 
tlx: wrist, and not b>- movcn l~n t  of the 
finger and Ilinmb. The nlc9tliod to be 
adopted is clcal-1- sl~own in Fig. 4, which 
sho\vs 6 in. c-o1r11)ass< 5 wit11 lengthening 
bar in uscs, dcsc:ribing arl :Lrc of a circle. 

Oli luost dra~vingi of wireless apparatus 
it is customary to draw dottcd lines i o  in- 
dicate thc centre line of some part of the 
apparatus, arlcl for this purpose an  auto- 
matic: dotting pen, such as that illustrated 
in 1;ig. j, may be cmploytd. This com- 
prisci a haildle and framework whereon is 
mou~ited a ruling point 2nd guide ruler antl 
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HOW TO USE COMPASSES L E N G T H E N I N G  B A R  FOR LARGE CIRCLES 
l'ig. 4. \l-l!cn it I \  tlcsircd to  clrali- a ~irci: of conilmi-aii\ el) large rar lii!s, cor1ipassc.h rrlay bc 
I 1 i I ;\ Icnglliciiill;. bar i z  11.etl ~ r h i i  1: fits :tito jjnc ot tile legs of thc colnpnc,hes, 
; ~ i i r l  ;I. io int  ;rt tlir3 ctirl o f  the bar  enable. tllc p~lii~il-11 )1(ier s(1ctioi1 ti) 11e I < c ] J ~  pei~pmdic~tlar to tlie 

!>Jan( of t h e  1) L~)c>I- 

ail intcrcllangcable coggc~l w11et.i. \l'heii 
the instrnm~:nt has 1)ecn ; ~ d j ~ ~ s t c ( l  it is 
rnanip~~l;itc.d, as sliown in Fig. 5, 1)y ruri- 
ning it along tllc, cailgi: of the ~rlllcr-. Tht, 
cogg(~1 \YII(Y,I nlovcs a small ic,vcr 1vliic11 
I-aises or lon,ers tlrc l~oint  ;I< it i- ti-al-crsed 
o\-c,r t l ~ c h  p a ~ x ~ r ,  ancl tlius nlakcs the clr~:'jirrd 
intcri-11ptctl dotted lirle. 13) changi:lg 
the wheel vai-ions zil-I-angc3melits, such as 
loilg a~it l  s l~or t  dnsl~cs, 01- a dad1 and a dot, 
can be (11-awn witll ille same iriktr-uincnt. 

r .  

111c: tlivitlc~rs, ill~isti-atcd in 1:ig. 6, arcx 
11s11;illy III;LC~C \vith 0111: ~ ' I N c c ~  1t.g a11d one 
adjustable, l(,g, ancl in some pat terns llnvc 
ir fiiic adjnstnlc.nt scrcx\v, \vli('11 it is r11c.n 
possible to move tlii~ ~ ) a i ~ ~ t s  of tllc di\.iclt rs 
by a v c ~ y  srl~;iII ~ I I I ~ O L ~ I ~ ~ ,  as little as 

I _ , ,,,,,, in. in good instl-~umcnts. Diviclc.1.s 
can be used for sc~ttirig out scntres fol- 
circl(,s and ot!lcr important parts in t h t ~  
drawing ~vllicll have to I)c accurate. The 
dividers are tllc: draughts~nan's most 
accur:ite mcxasilring instrun~c~rit, :rnd to 
set out se17c~-nl uniforni tlimc~~siorls thc 
tli\.id(-rs sl~oulrl 11e adjsl~st<.d to n good 
cl11;~lity stccl rule and the tlin~c~nsions 
transferrcrl in t11c. dl-awing in 1 1 1 ~  n);rni?cl 

iljustrated i11 Fig. 6. 'Ill(: points of the 
dividers arc lightly pi-csscd on to the 
p;q)cr j~ is t  ssl~fficicmt to  11l;ll;e a tiny pin- 
prick in it, and this point is subsequently 
inclicatcd by drawing a cross upoii it 
wit11 a line, hard l)c,ncil. 

\5'hei1 it is desired to reproduce a 
dr;i\ving of 21 uir.ele-;s set to some- other 
sixt:, such, for csan~plc ,  as enlarging a 
dr~iwing reproduced in this Eiicyclopcdin, 
a c.onvenient and practical instrument is 
kno\;n ;is the proportional compasses, 
a good example of ~vhicli is illustrated in 

, . 
Fig.. 7. 1 his comprises essentially two 
flat slotted legs, which arc ~lnited I>y means 
of sliding bloc,ks st.cu~-cd togcther by nlrnrls 
of :L sci-cw ~ i n d  nut whicll pass t111-ough 
thcn~ .  This 111it scrT.es to  1101~1 both parts 
of the coni1):tssc.s togc~tller, and zilso acts 
as a pivot abo11t wliicli tlic lcgs rotate. 
Thc edge of ihe slot is calibrated, a i d  by 
setting the jlidirig block in nccordarice 
with the calilji-ation it is possible to cause 
tlic lcgs of the cornpasscs to  open by 
dificrerit a~nc~unts .  

'There are in this case two working elids 
of the cornpasscs and, as shown in the 



I Fig. 5. 1 ) o t t i ~ l  h i ~ e s  I11 ;L finiihetl drawing are ci;cntin!lv requil-cil tt, bc: i~eatl? .  ~ilaiie. Uriaided, 
cor~-;irli,~-;ll,lc skill and p:~ticnce \vo,~ltl 1)c ;-cquiretl of the ,lraughtsman, but ~ i r h  the autornntic 

~ l , ~ t l i n q  pen rni~rll tim(, is ;:~\-r.d and the  [loti are e\.eiily spacc 

l;ig. '1. L)i\.iilcr-, I I I ; L ~ ( >  i t  pt~'~ilb!v 10 >j,acc ou t  ~ l l v I 5 i 0 1 ~ ~  of ei1u;il d111irllsii)n ~vit l l  t h e  grratest  I 
il>r'e~l : L I I ~  ~ C C ~ . I ~ C ~ ~ : Y ,  i n  pi-rpxi-ing ~vi~e lesb  ilia;ran~s 'his is uftc11 requii-etl, e:,pet:~a!ly ~ h r 1 1  ~ 
c<)!lilxinu>Li are 111 IN: ~ilclntletl at e r l u a l  dist;~nce< fro111 e,.ch other. Pair3 of errminals can be : 
~)lut tet l  ill :L I\ r ~ r l i i ~ ~ g  ,lia\vi~ig I)>- u,inji 111-iiiers lo  lllark i , ~ , t  the corlespouiliilg cclual tllstances; 

I alrutlicr u+c 1, rnntliil~g c;rIil,rations c ~ n  the  ac t i~al  ~vur l i  I)ctore engl-a~.inji 
I - . - - -. - - -- -- - -- - 

HOW TO USE TtlE DOTTING PEN AND DIi'IDEKS 
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PROPORTIONAL COMPASSES FOR ENLARGING DIAGRAMS 
1:ig. 7. C(i11sti-ttctional tlraivings ant1 (liag~.an~.;, stlch as are found in l~ ther  articles in this Eiicyclopedia, 
providcd they arc drawn t o  scale, r a n  bo e~ilargcd to  the actu:rl size of the components or panel 
lay-out tlcsi::ii-; w l ~ i c l ~  they rcpl-ci~,nt t ~ y  ns i~ ig  tile i ~ l s t r u n l e ~ ~ t  in the above photograph. Tlle 
co1npasic.i a]-c ~loi~ble-entletl; tllc siilall cnds being placcd on the original, the opposite cnds give 
~xoportional cnlargc~nrllt, 0 1 -  thc ! ; q e  ends heing 1,lsc:ed on tlie oriyir~s!, the  smal! cnds give 

!?rolx)rtional rcrlt~ction 

illustratio~i, ai l  ailioullt 01 z ill. on tllc: 
2-ft. rule is shown or1 thc. scalc as I in., 
tlic comp;lsses in this c;~si, I>r,ing set to 
~-epSO(lllcl' a dsa\vilig from half the 
origil~al sizv or to doul~le the original 
>ize. '1'0 tlou1,le the sizc of tlii, drawing 
(lie short c ~ ~ d  of thc l c g s i r c  applied to 
~ h c  01-iginal ant1 adjustetl to any one of 
t he dimensioil?, and thc long c..~nd of tho 
lcgs tlicn ap1:litvl to thc paper on which 
the enlargc~cl drawing is to he rc,protluct.d. 
Any other c.nlargc.n~cnts arc p~oduced in 
thc sanie way l>y sctt i i~g thc slitli~lg bloc:l; 
at  the appropriate position. . . I he ca1.c. ;~nt l  atteintioll that shoultl hc 
givc.11 to all tlra\ving instruments inclutlt:~ 
storagc of tlic srnallcr instr~in~cmti  in a 
s11ital)lc c;l>e, so that they are kept cli:.tn 
;ilitl f1.c~ froin dust a ~ d  dirt. Ti1c.y ~lic~ult l  
be clc::~ncltl \vith n clotil ircim time to tinlt: 
as ~ic~c,c-ss:tr\., ;ul(l vc.ry occasioriall~~ t h v  
joints In;r \. ~.cscci~,e a spot ot typc\v~-it er 

oil, aftcr which the outside of the instru- 
ment sliould be \vip(d perfectly clean and 
dr!.. The nibs of tlic, ruling pril sliould be 
kept scrupulo~lsly clt,ai~, and aftcr long 
use may require I-cicttillg by shal-pening 
t11c~n 01- sn~oothing the111 off on a piece of 
fine-grade ho i~e  such as is llsed by harbers 
in setting ra,;ors. 

, . L hc T-squxrc s1ioul:l Ile hung up  in a 
vcr f ical position and its edges preserved 
fronl damagr,, as if it be hruiscd the in- 
tlcl\tntions will he reproduced un the 
dr-anings. Thc set squarc3j are lllost 
col~s-eniently stored by lianging tllrm on 
a nai!. Tllrir edge- should also receive 
t11c same consitleration as those of the 
T-square. The !:oard. whew not in use, 
~11cluld be kept in a baizc: hag, or other- 
~ri-(2 ~xotcctc-.d froni d i ~ i t  and dirt, and 
- I~c ,~ i l~ l  he l z p t  in a clry place. 1)raiving 
p:il)er ~11o111~1 1)e 5tort.d flat ant1 :tway from 
du-,t aild di1 t - I : ' .  TT'. Hohhs. 
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HARMS WORTH'S I SPECIAL BINDING OFFER 
WIRELESS ENCYCLOPEDIA, By the Publishers 

Contents of Part 9 
T h e  Publishers ot the WIRELESS ENCYCLOPEDIA are 

-\nlon: the t b s t r a o r d i n a r i l y  varied con- prepared to undertake the actual work 01 binding 
tc~l ts  of Part 9, with its n l a n y  sections on the loose parts .into volome form for those sub- 

practice, theory (,onstsuction in wire.- scribers who are unable to get this done to their i satisfaction local!y 
less ~ r o r k ,  w i l l  bc. practical " Ho~v-to-Make " 
a l - t i d e s  on : 1 Conditions which must be observed : 

Drills and Drilling 1 Onlu /ortniqhtly parls in ~ o o d  condit~on-fr~e from 
siains. tears, or o!hcr Jefaceinents-can he accepted. 

('lest- iri.itrilctions fnr  ?he wirt lcsq -\vc>rhr: 
cover ing cve ry  val-iety of d r l l ~ n g  opc'r:~tioti h e  T h e  parts to he bound must bc packed securcl;, In 
tnalr 1i:fi.c to c a r r y  nu t ,  i l lustratcri  n i th  " a c t i o n "  a parcel (tight par!s constituting a volume). containing 

p h o t o ~ r a p h s  the name and postal address of the sender clrarly 
I written, and posled direct to thc publishefs' binding 

Dual Amplification departmrnt, or handed to a newsagent, the subscriber 

,rhcor:,- and mo.;t clr.arly cspln,ncd liable for the cost of carriaoe ln both CasTs. 

c i r cu i t s  ~ r ~ w h i c h  onf .v:~lve  doc-; t1le\i7oiliof t\\-(I, ~f the parcel i s  direct to ,,ubl;shers the  
\vith I; n e w  " ho\r- to-do- l t  " ~>lio!ogi-apl~s a n d  I chec,u,: or order in payr,,ent ior binding- 

c l i ax ran ;~  ' cases and actual work of bindin& s!,ould be enclosed 

Dull Emitter Valve In a separate envelope, together with a note mentioning 1 .  
I how many parts have been dispatched and what style 

-Slle rlclv ~ o ~ v - c o n s u ~ n p t i o n  valves a n d  how t o  . of binding is dt:sircd. T h e  cheque or postal order 
u5e t ~ l c m ,  wit!] a special ~ t~ r , t og ! - ;~ \~~u t - c .  p l a t e  should be sufficit:nt to cover the full amount of the 

~-= .. 
iilllstratinl,. t h e  c,,nstruc!ion a &t-tlc;;ixI;;i , binding charges in respect o' the actual number ot 

(01. t l ~ e h e  V;I~VL~S-I?< TIC\\. pI1utopri;pl1~ , Parts sent in ONLY. 
I 
1 The  name and address ol sender should be riven Ebonite and How To Work It in the Irtter. as well as in thc pari-l:l, and the letter 

12e:rl hc lp  for t i lc  an i a t cu r  worke r  i n  an t.ssenti:tl ' containing cheque or postal order must not 
1,11t difficult mziterinl, wit11 z r  I ~ ? \ v  actiorl 1 be put in the parcel : post it separately. 

13~10tO~?dpl~\ 

I'ai-t g will also r w i ~ t a l n  a i  a s p t : c ~ a l  
f e a t u r e  an e x p l a n a t i o n  o f  the t h c w r v  of 1 THE ?b:d eight parts in the Publishers' Dnrh 

Blue Clot l~  binding-case, wit) t ~ l l l  gi!t back, 
e l e c t r i c i t y ,  affording a striking e x a i n p l e  of top edges of the leavcs sprinkied," the 
the outstanding articles \vh~ch appear inclusive charge will be 5i6 (2!- for the binding- 
t h r o u g h o i i t  H l ~ n h l s w o ~ ~ a ' s  \%-IR~.:LESS case and 3/6 [or the actual binding and cost 
EP\'C~CLOPEL)~A. dealing in  rec cis^ but packing and return 

s i m p l t s  fashion with ;virelesk t h e o i - y  All cheques or p s t a l  orders must be made payable 
tp T h e  Amalgamated Press (1922) Ltd.. and crossed 

THE NATURE OF ELECTRICITY I Rank of England, Law Courts Branch. 
BY Dr. J. H. T. Roberts. F.1nst.P. 

.In e x p ~ a n a t i o i l ,  ; ~ m a z i n g l y  c lear  an(l  s imple ,  yet / Address all letters and  parcels to- 
p r o f o u ~ ~ d  i n  i t s  scope, of t h e  nlodt , rn  t h e o r y  o t  / 

a n d  its bearillg upon  ,birc.les5 theor!, ! W'"l'Ess E'c"cLOpEDIA Binding D e ~ t . ?  

a n d  pract ice ,  i l l u s t r a t cd  with special n e w  d i a -  , T h e  Arnalgainated Press (1922) Ltd.. 
k r an l s  and p h o t o g r a p h s  s o  i~lgcniouhly c(lntrivec1 ; Bear Alley, 
t h a t  t h e  y o u n g e s t  a m a t e u r  c a n n o t  fktil t o  ge t  ;r i Faninsdon Street, 

c lear  i d e a  of t h i s  i m p o r t a n t  m a t t e r  
. , -- London, E.C. 4. 

C o ~ ~ l i ' l ~ c z ' r c ~ . ~  1 Terms for the Trade on application to the 

 IT-^, vrgrrt that i l l  I1nr t  4 1, uuif \S~TI<RLESS 

~<SCUCLOI'TSDIA, 1411(i,.v file h~ut l l l ig  C.~11 Signs, r J i f  SO[:TH AFRICAN readers should to : 
pagt? 3 5 2 ,  the call .5lgJZ .j 51 T 2s Z I : Y O I : ~ ~ V  rcscv;hed. N~~~~ A ~ ~ ~ ~ ~ ,  ~ ~ d . ,  JOHANNESBURG (or 
This s ia t iu l~  is 2 1 1  J Z O  w r 7 ~ ~ ~ ~ 0 i 2 ~ ~ t c f e d  aith f71c: fil,ii! branchrs). 
o f  Ilutchir~sow il-, Co. (1:. P i>akrr ! (~~ i ) ,  ,,j I o r  
D.~ , . ! ,~~ , ,~~F ,  ~ * , ~ d ,  ~ ; ~ ~ ~ ~ l  1 i l / l ,  s.1;. ,3 .  I ; ~ , .  tii,. : AUSTRALZz1S!AN readers to : Messrs. Gordon & 
b r ~ e 6 t  cf Loth t r ! ~ i z s ~ ~ ~ i l t ! u g  U M . ~  veceivilig anlnteftr,~ i Gotch, Lid., MEL.BOL!RI\'E (or branches). 
if may b p  stated that j 1 ,  T at,ztio>3 is ~ i t u i l t ~ i j  / C A N A D I A N  readers to : The lmperial Netm Ca. 
i l z  Fovest H i l l ,  ~ . O I Z ~ ~ O Y Z ,  S.L. 2 3 .  ! L A . ,  TORONTO (or branches). -- - --- - p P - - - 2 ? - 2 ? - - 2 ? - v - - . z -  ---- 
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Have Your Parts Bound 
in the Pllblisher's Special 

BINDING CASES 

This blndlng u a a  m y  La abtalned throqh any 
newla snt or booklsUsr. If ordsroddirect fmmtbs  
prhl ldan id.srtr. must h+ cnclo6ad to cave# cmt 
.of wts a and mcWn All prlee~ mentlonrdlpply 

to t l  &uth ~ f r i a n m d e r #  should 
sp ly  to: Central I k w s a m o e y ~ t d .  JOHANNES. 
BQRG (or branch-) ~mtrall:n read ta 
Monn.Oordonand Goich Ltd.. M E L B O U R ~  (01 
braxmchm). CanadIan r a d o n  to The fm "1.1 

NEWS Co.. Lld., TOROXTO lor b r a n c h 4  

S w  owrl.of for Partieulm of the 
Pub1i.li.r'. Specid Bindin. Scheme 

. PAnlld .nd RIblIshcd avers .IYrn.te Tueeday by the Ymprlslon. The Am.Iganatsd PI 
9 l u t n y  llouw I*rr)nsdoll B W t  h d o &  Y 0.4. Sole Auratl lor. buth AMca: U e d r r  ---. 
hr .A&W~ .-. ~outm.'h -).A:. IW a d :  TL. 1 m w 1   en 00. 

&b$gtwmta: 4 A- . lr , ad. wr mu. , , n b r r i q  yh. llu. 

. . 

. . 


