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HAD = Pressatetion of the Problem.

CHAPTER I~ 4n historlesl cutline of Lhe favelopment of
| the thermionie wzive, snd ibs subseguend

ppilcalion Yo direct current
,gm% lomze |

CHAPITR I~ The experimentsl svolutios of ampiificction

eireuits heving & “izh sutuel confuctanes

end & diseussion of the g%%&ﬁ%wﬁﬁ%\%§ﬁ§~ﬁawﬁ%

the mﬁurfgiaﬁ of sush eirveulds a8 snnlifiors




&ny experimenters in the lsst few yeers,

spurred on by the Tecent re id aévancesunt of the fme
portencs of the photocleeiric call in eommereisl fields
&8 well a8 in nusercus brosches of solentifie rasecrek,
have fooussed thelr sttestion on the poseibility of
amplifylng wery slnube direct currents such asz photoe
slestrie currents. Previcus $o the evolution of the

theraionle velive eapliifisr, the guedrant slsctromcter

afforded the only means Whereby such currsnts eocld be

uréls The sensitiviiy of this instrawent, however,
is not suffieient for wost shotoelsetrie problems and

pulation requives zroat skill.
%ﬁﬁ.iﬁ%r@&@ﬁgiﬁg.@f'%&@ shvralonie valve sope
Aifier, however, ﬁ@ﬁﬁ@ﬁﬁﬁ»%ﬁﬁ%ﬁﬁﬁ ﬁ@ﬁ%éﬁ of nsbegresend
of these s.sll currenbs. ﬁalﬁgiﬁgﬁ,f;}iﬁ his Geseripm
tion of & bridge elreait enployisg speelsl type vaeuum

bubes designed by Heteelf end %ﬁ@mﬁﬁﬁiaiﬁ the PB4 plio-

tron}, gives sp indlcation of detecting even the uliie

mete unii of elestrlelty - the single slestron; &s by

abilising thle cireuit, currents ss iow as ; x 10~18

anpers or 30 eloctrons ser meonnd con be neasurade

(2} Physioul Aeview. 5-ve 1, 1930, pald459




%ﬁia-@iﬁé&iﬁ;lﬁ@@@v&r, entalls very eluborcte
epperatus conslating of speeisl tyse vecuum tubsse, sene
sitively buleneed systems a8 exbremely cursful shielde
inge The current sensitivity is lnoressed at the ex~
gﬁﬁ&@ of $he seasitiviiy %o vwolbegs thus rendurisy s oipe
eult with & very low volbege sensitivitys. These fzotors,
along with the necessiiy of oserusion of the eireuls by
& skilled teehnlcisn remier the oireuit impractiesl as &
Loboratory ilnstrumens for @?ﬁiﬁ%r@yzgﬁ-&igﬁéﬁ surrent
messuressnt Hroblons. |

' i8 =& ?@ﬂaitg the sitention of experizenters in
tﬁi& braneh of sclentifie resesrch wes burned towards
developing direct current saplifiers hoving & hizh sene
sitivity to voltaze which woulé be suiteble ss ordinary
lzborstory instrumenis for scasuring ﬁ%@ii_@ﬁ?@&ﬁﬁag

. fhe slgsbrele expression for the sensitivity
to ?ﬁi%ﬁg&-ﬁz‘g %irﬁﬁﬁ-ﬁﬁfﬂlﬁﬁlﬁﬁgiifiﬁ? is

Sg = 65, ' {1}
shere O, ¢ volisge sensltivity

Uy = She subuel cordusiance of the tube l.o.,
the slope of the eurve rslatinz the grid sobe:tisl to
$he plete eurresnt. The msgnitude of the plste ourrent

pleces & 1iait on the volBage sensitivibty since the ampe

iified current must be suffielently lorse to record oa s



aeter not too dellosie to regzlster the plate current,
Counsid.oreble isc euse in sensliivity suy be
obtsined by the iatroduction of &n surilicey ﬁa&%&rggg}
in the siample eircuit in such & meser Shat it forpes &
gurrent Shroush the plete ﬁ%fgﬁﬁ% meter sgual to the
plete surresnt bul opposile in directiofie The sensitie
vity of ths galvanometber uey then be incrcossé anbil
irregulurities in the plete current render the zere
point unstesdy, If the plete ourrent from & second
vacuunm tube be substitubed for the carrent due Lo the
- suxilisry battery, %ﬁé Fluebtustiona ogosurring in the

tw0 bubes ssy be oode to offaet guoh obher to & Gonsidere

&ble e-bent, allowing further ineresse in geleasomet
sensitivity %o ve m&&%@  Uslng commerelal thermionte

Subes desigued for the reseption of redio brosdessting e
voltage sensitlvity of 100 volts hos been reported for
& bwo tube b:lanced eireutt %??% & eurrvent sensitivity

somewhet groster then 1014

son'5) nive Gasigned & specisl tube for direct surrvent
saplificetion, known as the Genersl Hlestrie ¥P54 plioe
tron, fwo of whieh have been used by Du E@i&gaggf in
Bagek ant Yalder, J.0.8... 6nd B.5.1.,June/29
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the %ﬁéﬁﬁﬁ%ﬁ girouit to glve e @ai@gv% sgneitivity of
4 x 1070 V§k§»,¢
%h& sbove two sethods of balancing out the

plete eurrent eanble the sensitiviiy of the metor, Sy
in the avove equation, to be incressed, the quentity Gm,
ﬁ%@ ﬂﬁ%ﬁ&i ﬁ@ﬁﬁﬁ%ﬁ&ﬂﬁ&, howevur, ressining sonstente
%ﬁ&a b
'géwﬁiaa of iﬁﬁw@%ﬁiﬁg-%ﬁ@ vai%@g@ sensibivity by beepling

scdonald apd aahﬂ T %&iﬁhw2$$a{?§ stineked the

the galvenometor seusliivity S, constent snd incressisg
the sutasl conductence Gm with the result Bhet s rusg
tao
U£1124) has besn ﬁw&@%ﬁ%@& #ith 8 voltege sensitivity of
3z wrd Folts ﬁ&iﬁh with en inpub resistencs of 2 % i&%
ohas @ggﬁglﬁ CUrTS sensiilvity of 1.6 x 10~ aﬁi*
Thelr erfforis, %&wvv@r; 4148 not @K@&ﬂﬁ% the %ﬁﬁﬁi}iiigiﬁﬁ
in tiis fi@1d, rether they s suzzested the orobles unfere

smplifisr eaploying ﬁrﬁiﬁsry redlo tubes (Uxa:

shuge

teken by the suthor to exemlne such & sireuit in grester
detall and determine fhe phenomeson upos whieh its operse
tion is besed snd to &%%éiﬁ further incresse in the mubtusl
eonduetence both by the employment of o siallsr circuld
ant by wodiflcstions of sueh & eiveaiba

The Peaulis §¥ﬁ¥%§'§iﬁ§ﬁi&?§? suseessfal,. A

teo-sloge ssplifier, using @rﬁiﬁarg radle tubes -~ HCAZEE

73 Fhilosophicel ¥egesine, Jan, iﬁﬁﬁ

o




ant WIEZ - wes developed whieh hedé sm extrenely bigh

matesl conductanee, nomely, 30,000 slorossseres » The
¥oli
phenomecon upon wilch the oper: bion of teomstoge ampe

iitiers of thie bype iz beszed wes slas ascarteined. Two
acdifieotions of the sirenit wore Geveloped; one employ-

ing high resistors in ssrles with the sgcond-stege tube

ant the other employing s uizh resistor im porellel with
the soow
sutusl ecnductance of 13,000 slero-smpores sné the lsbier

ol
& matusl eonductenss of 25,000 mie: Desiperes, with gbe

i ebuge tube. The forser ecireuit yisléed =

- solate stebility.

of the desiralle festures of such snplie

Tieatlion eirouits sre the pracileadbility asd simplieity
| 6f design snd opevstion; the eliminstion &o o grest @xe
tent of those undesireble fuetors envcuntored sc often

| fey to drift; the

in emplifiers, imstebility end bends

eost - an ertrenely laportaat fuotor - is redused io a

low level, the only sxpensive lien bBeln: the sensiiive
metor eaployed in the nlste gireuld, sn isnstroment

nEeesacry Lo say eoplificsiion olreuill,




CHePT R X

Thle chapter, as well as embodying & brief
nistoricel outline of the ‘evelopment of the therione
ie valve snc its subssouent ag@li@@%iﬁﬁ &ﬁ &ﬁ§li§§ﬁﬁw
tion eireuits, is devoled to oa elessntory dispussion
‘of the sroperties of glectrons snd » brlef secount of
the elsetron theory of astier, tnis beins ﬁﬁ@&%ﬁiﬁ%@ﬁﬁ
by the faot that She problem of the thersinsic wBive,
Le8., bhe study of the emiseion of @%ﬁ#ﬁﬁ@g&.fyﬁﬁ-a-ﬁ@®
filament end thelr transport to the aumode or "plater

sntalile o ia? e pumbasy of ;§$@1@ﬁ$, the solutions of
which sre bused on %&w@éﬁaaﬁﬁﬁ thaory, : ¢

Ihe Biectron

The word "elestron® wss iantroduced by ¥rofessor
Ga cohnston 2 Shorey in 1881 %o Genoie the o turel unit of
%iaa%&%ai%y,'gﬁaa* Bhe quantity of sleetrieity wﬁi@&'
-ﬁ%ﬁ.ﬁﬁﬁﬁﬁ to ba laveriubly earried %y;&ﬁ atom of any

univelent elemoent (eaoh s %yérﬁga&} iﬁ.&iﬁﬁﬁyﬁigﬁiﬁi

{homson te the serriers of @1&%@@&&1%3 fischarged fr@a
Lacsndescent objeets [such ss enthodss in veouas tubas) .

Thoms

o

aa's research on the lachivrze bhrough vecuus tabes
showed 4is oorpusele to huve o Bogablive churge squal to
a8 eicebron. Thus the tus teras, sleelron and corpusele,

mey be used ladlseprimineiely 4iF we &ﬁﬁﬁ%ﬁ@&ﬁﬁ Ly the tera




i

slestren the mtursl unlt of nosative eleetrieity,
wharess ﬁ%&lgagiﬁi?ﬁ unlty of eleebricity ie desiznated
by the term "positive electroa®. This lutber guanbisy,
although hoving the seme sbsolute velue s: the fnsgative)
eleetron, is found sluweys %o be &ﬁgﬁéiﬁﬁaﬁ wlth & ness
about 1800 times thei sescclated with ihe {neget]

El%ﬁ%@ﬁﬁ@ ﬁ?ﬁ found mostly bount by strong
forees to the saclel of atoms which serry posibive
eherges, bthe stoms &s & whols belns @legtricully seutral.
The fach thal gases snl vepours hove un extresely low

esptuctivity shows thel very few free slegbrons

S
prasund, f?ﬁ%Aﬁiﬁﬁﬁﬁﬁﬂﬂ bedng defined se glectrons not
bound in eleobrioslly seubral sysbans.

Thic process by wiieh these “bound® eleetrops

#re disiofged fron the puclel oF the aboms, f.2., the

ovarcomlng of the fopees thel hold ihs eloeSvan in the
atom, &y be sceomplished by bhres egente:

33 Impeet of sleetrons on the neusesl a£50m.

(2] Zleotro-msgamstic redlstion.
{3} Bost,

Those @%ﬁﬁﬁﬁ%; in turn, give rise to bhres
faporbent phanomensvespaciively, delie reve, photoe
slesbrons, snd ther dosic Yeys. In &ll osses the ree

sulls g the sumey Lese, Lhe Glslodraunt of cherged




perticles, bul the "agent® sesuniag the ﬁiﬁé&&%g@ is
whad

different. oSlace ell thres plenosens sre sonme
With the study of the theralonle velve, some theoroe
tical wnd experisental faobs wlll now be noted bricflye

Xﬁﬁiﬁ%ﬁiﬁﬁw

The process of ionization eonsists in the doe
renduring it positively cherges, e, producing &

t of one or mors slosbpons Prom the etom, thas

positive ion. Therefore, in order §» lopize en stom
the f%rﬁ&a hnléing the elsotrons to bhe maclous nusd
to
secomplish this dapends on the oumber of eloetrons in

be overcome. The emerzy whlch must be supented

an slom, on thelr configurailon, and 6lso on the Huce

lesr churgee _

%%%’1&%%% energy wikh which s sleciron »ust
gollide with sn stom, in ord.r %o eompletely dotech an
¥« T is zmy
be expressed in berms of ths volto e throush shich the

#levtron, is Rnown s the lonisstion eue

wpeetling slectron has drosned before it soilided with
the atom »~ %the lonisution sobanbiale

Tnis loniseiion potenticl plays en lmportant
eole in thersiconie %&&%ﬁﬁ‘ﬁ&ﬁﬁﬁ wiich eondeln sooe Pge
sldael gus. Ionlzation slweys eceurs providinz the

volbuge bobween ocubiofie and annds exgeeds $1is potentisl.




There slunys vemalns some resifusl o8 in oven the nost
carefully aveca tsd bubes, 90 17 ¢ thormisnic tube is
oparebed ot volbszes exceellng this eritissl valus for
the residasl pes, lonimetion by collision will cconr,

thus senduslioe

positive iong aaf "seconfcory” slecirons

which lacresse the clecbron flowe 4n £his =snmer the

nlete current™, f.9., the gleobron fiow, is grestly

augnonted, and slthoush the cherseteristies arve Aistorte
88 and unebeble sonditinne sre produced, the smplifica-

tion is grestly lperessed.

Ihe Protoelectrie Zrfack

The proeecs of the dlslodgeent of slecirons
from sclid bodles by mcess of slectrom gnetle reclabion
is dufined oz fhe phoboslesirie effsnt,. The alectrvon
in the atom ls stimulated by the en-vgy of the Lizht
wave strikisg the substense :nd mey thas segulre oufe

- Pielent smergy to oversons the foree of stdrsction st

the surfoge of the sabstance und escepe with s velooiby
dgpendent uson the cmergy in ihe 1ight weve ané the

ancunt of work the sleciron sush serfors $o overeose

the sarfsee foree. This forge is dofinsd o8 the 6leCe
tron a72inity. The enltbed eleebrons will sossess
velocities rapsing from gers Lo & defin te zexinunm

value dus $o the Tset fhet soneé of the eleetrons are




w 30 -

sitated near the sur-foce, ﬁa@?ﬁ&é sthera farther iz
the inbsrior hove Lo fores bhelr wey oubs

it hes been shown experisentelly thebt the cunly
fuebor influenving the svureze veloelty of enlssion ip
any Qﬁ&ﬁi&&iﬁr substences is the fre.ueney of the eaitbe
ad liﬁ@ Por tha sase f?ﬁ“ﬂﬁﬁﬁ@'%ﬂé &%ﬁ?ﬁ@%ﬁﬁ G-
sﬁ&ﬁ@ﬁa, the @E&%@iﬁﬁ v&l&akug'a§§ﬁaﬁs e %% sleebron
BILLniEYe |

It is Tousd iln dceling with $hersl sde walves
ﬁ%ﬁ% the grid gurrent is lsere.sed by shoboelestrons

@iﬁﬁﬁﬁ by bhe sonlrol *fim ander the seblion of light
fr&@ the Plissent. These effects sre undesiveble snd
gare ouet be token to elizinite them $0 so svect an exe
tent so possiile or wory seasiilve work.

Thus o5 the phob-elestrie effeet is introduced
in the study of therai~nle valves snd e it is useslly
the eur rw&% fpom & aﬁﬂa%@iﬁ&ﬁwéﬁ gell thed Lz deslired

$o be seusured, it is desirable to unferstesd the funise
menbole uaderiying the phesomenon of photoeleetricitys
Howswory s& 1% is %ﬁ@‘§r@@ of the thesslonle wulve
that is desire’ 0 Le sbresse. ia this dlocuswion, bhe
mere wwatlon of the subjlect of photoelecirielity scens

gufticicant,




=1l -

Thernionics

agion of

*%@fxiﬁﬂ*aa ig the stedy »f the
alegtrons from o substonce, due o inercssed. therrel
agltation ~f the stoms of thit subobencss If & sube

oaks Yo sfonse

stange eontsine electrons $hut sre nob b
to fora slectrically neubrel sysbeme, the substince
must be conducbling, aaa@ﬁwa 17 1% were nlaced in an
elegliric fisid the Iree elacirons wyiid move in the
Giresiion of the siceirie Fleisf end thus estublish &
gurrent o the ﬁaahgﬂﬁﬁﬁa Thus %o %%%u&ﬁ% for the
eonliueblivity of setalliec substuness She sasunnbion hag
boen mede thet seicls eontsln & lurge susber of fres
glegtrons. These free gluctrons end the otoms ﬁﬁﬁ%&iﬁ»
#d In sny substence “ﬂ&w@ﬁﬁ Binetic enoroy & ive in
& sbute of constiat netlon, £ fopee weich bem 2 to
kooan %m@ glagbrons piome fa that aﬁ%&%&&a@ - GLE8e
tron e finity = 18 ssouwmed 4o oxlst &% the uﬁ?f&@@t
This assumptlion, sede by D. ¥, Sichordasn in 1801, can
be explained in & awaner eatirely eonsiztent with onp
physleal concestlions.

So thet 1 2ey edespe frem the sacfuve of the
guvstsnee, sn elustron sust o work ia ovireoning $his
fores wileh tends to hold 1% in the substence, thse work

belag perforaed % Lhe supenss of ite own kinstie o GRETIYs




The kinetlic energy cosssused by the average
ﬁwﬁmﬁ is w sas.l &b ordinsry btempercturss, eompared
with that neeessery - overcome this foree, thut only &
fow escaps, the number ese sping increasing replély es

the tempersiure is inoressed, Thus, if the %‘xﬁmwrww
of substence dealt with, & theralosniec eurrent or elege
tron current coours.

ugh, the velue belng depesdont on the type

Thus, the sleetron affinity determines the nume
ber of electrons thut will escupe per sesond st any Leme

parsture from &
mines the thersionic ourrens, &nd is charecteristic of
the substence employed ss oatlinda.
Thus, 1t is adventaseous to hove the elestrom
ﬁfﬁxﬁﬁy a8 suall 88 possible due to the faob thet the
ﬁmﬁ in heating the eathode m‘.‘w&w to obtain a
fefinite therslonie ourrent decrcascs a8 the slsetron
affinity is deorcesed. This mgiiw gocnogy of operge

ny epecisl tyse of cethode, $1.8., detors

use of

tion s well ae incressed life of the tubs, bsen
‘the lowsr btemporature st whieh the ammﬁé cofi bE ODEYR-
tede |

The elecbron afficity slso Geternines the cobe
tact eleetromptive foroe of & metal. 4n iiimm%%
of this shenomennn

is ithe develonmant of & Gl ference

of potentisl between twe dirfferent wmetals when placed

in contset, then sepsPated. Sinee sn sleetron sush do



work im esceplog through Bhe surfoce of o mebul, then
Swo poinbs, ono cubsive cnd lhe other inslie the Sule
feaee, must be st 2 Gifference of poteniiale

The contect pobentisl sné clectron sifinity
éﬁgﬁﬁﬁ on e pelurs of the surfeee of the mebele T Ty
& $hin Ziim oF ges wilil siter thess gusnbitiens and
tharefore, ﬁ chense in the thermisnic current sbisinable
from the substence will reculb. L% kes been found that
the ecatuet sobeniinl playe sn laportent vole in there
mionie snpiificrs %&%i%ﬁsﬁ o oporele om Buell slabe
volisgesa

The shesosench of thersi-ales wes situdist &8
surly s lUBE by Eleter smc feitel who found thet when
& mebellic filsseny was §$&@ﬁ@ sser & plite, the nlete
ﬁﬁ%§§?$§ & churge «heh the filosend wes Besled 1o Lie
eandesvencds Unls 6flect :lso come to the soblce of
Ziison in 1883s Jei. Flesing®! in 1896 sleo studtes
%@i&-@f fg0t, bul 1t w8 deda WW\dﬁfﬁgaé sl Oefe Hloharde
son who rendered & trus explemedion of the FLERONSHOR
when they showed ta&i Beretlve electrieity wes given off
from the hob &%3%@%&5 in the form of clectrons,

- Piche rdsont 107y 1831, showed thet ihe elselrons

Fegine, Vol.48,p.52, 1398
*agéﬂﬁgﬁﬁigé@,%,wé? 15598
: e Qe&-«- 2‘3% iﬁ)@

*hii, &rﬁﬁs.ﬁﬁyﬁ%@ﬁ.ww %%?, 1908
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wore caitted solsly by virtue of thelr kinetle emergy
sad meeld no chenliesl reochlion af the surfece 6f ithe filie
mente His theory wes based on the ussumpbion $het the
elsetrons in & metel, which are free to wove under the
influense of aa eleetric field, beheve like the nolew
eules of & gus, heving velocitice dlstrivuted aeeoréing

%o Jemwe.l's Lew. These elucirons are helé im the sube

stenve by & fores sxisting &t the surfuce of Lhe sube
#hanes. % ordlnery temperslbures very few sleotrons
possesg sufficisnt kinetic snsrsy %é overoone this force.
- Tho number essaning =% suoh Ltemparciures is, thersfore,
eriressly sualle 4% any Sime some sleckrons huve sero
waloelty, others sxbressly ww%ﬁ vaelociby, the mejority,
however, vossessing velocities ren;ing between these
wwo esbrese valuss, The energy ¥ which un sleciron
st ernend in ﬁ?&%y W owercone bhe foree of abirece
tion et the suwrfeps is a&ié%ag 0 bhe mumber of elegw
trons per euble centinmeter lnelde amd cutsi e the suve
feeg by bthe Boltzamwman ggﬁﬁtiﬁﬁii%},ﬁﬁﬁﬁi§;
@ = ET log ;gi {2}
This %*ﬁ%%i&ﬁ ﬁ%@@%&ﬁ%ﬁ tie foed thel sz the bespersburs

iﬁﬁ@%ﬁﬁ%ﬁ, the pusber of glecbroms wxessing frem the sule

fees of the substance will laoresnsas

£t maxd sigo be soted thet conitood alustronciive

(11} Ven Dor Bijl, Thersionle Veeuwn Tube,p.i5




forees must exist beiw.em the protusions snd hollows
of irreguler surfuces. These drops ln sotentisl will
be small, but 1f the irregulsritics ere close to one
soother, the resulting electroctutic fields msy be very
lerges Therefore, in : theraicnle velve, very lorge
pilate pobentisls will be nesceasiry to evercoms Shese
f161ds sad pull a1l the electrons enitted to the smodes
Thle effeet =lsc ocours L1f the ccthods possesses impuri-
“ies with Gifferent eluebren erfinities, there belng no
welle=defined seturction curpent in ther:losle ralves
hoving such esthodes, ¥Tils is, howevir, not e distinet
disedventage in thermionic tubes,. ,

| ifter this brief insizht imte he oleebrom
thaory, vhotoelostric and thorsd nilc effeets, our ebicne
tilon will now be fooucked on the eonsideretion of sn
applicetion of Lhose subjeete - the thursionic vaouum
tube, the duvice thet hes siforded the basls of resecroh
and developmsnt work for the pesot degeds snd which hes
bscome one of the nost importent sad useful iastruments

of sodurn physiesl exserinentors,

#ie TUSY

=

g

ihe theralosie tube, or therainale Vei¥E, ¢ONe
eiste in ite wosh genorsl form of on ovecusbed vessel

sonbulniag & filsment whieh is heabed by peoglng &
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gurrest fthrough it, zn sande, uowelly 1o the fors of &
plete or two pletes, or & eylinder surroandisg the Tilaw
ment, #nd & third eleetrote in the form of & wire grate
ing situvted botusen the flleme
hented filesent e-iis slectrone which are dreen to the
spode undsr the ﬁﬁfiﬁ@ﬁé@ of a potentisl 4ifferonce bew

B ond the encdae The

twean the filement end snofde, in such & senssy sz to
aeintoln the anofe positive with respect o the filasent.
The third eleetrode, knows ss the eonbrel :rid, functions
s the a@ﬁ%ﬂﬂliiag slement, and is employsd $o ecuirol
the flow of a&&ﬁ&gaﬁ% froa the fikﬁﬁﬁﬁg o ths sanite
e elegtren currend ;&ﬁﬁ@ﬁﬁ Trom fii&%@ﬁﬁ o nnode cen
be vearisé by &g&igiﬁ@ sotentlel varictions to the grid,
A% the time of i%$ introeduction in 1501, Bicharde
sonts %%%ivﬁﬁﬁiﬁﬁ of the mechenism of the emission of
¢loglrons from hot %@%i@s wes a0t Poreréod ss @ﬁ@%@%&&ﬁg
any grent practicsl velue., However, in 1908 ?i@&iﬁg
applled Risherdscn®e priscinle when he coneeived the ides
of ubtilizing a therslonlc tube &s & reciifier for the
dabeotion %x@ﬁ%*ﬁﬁéiﬁﬁiiﬁ wevas. e Forsel in 1307 ine
trodused the control grid. It sss the insertion of this
ehird glostrols whlelh heg mede $he theraionie tube &
deviee of tremendous potentisollties - ons dhel gen justly
e pisced in the some ortegory with sach funbossniel dew
vices &5 the sbesm spgine wnd the @@E&?h@ﬁ%a Phe inbroe

duetion of Lhe grid &1 onee rendsred ihe possibility of
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saprificetion onl 1t wes fsmedlately utilized s¢ an vmse
iifier ant oselll tor gensreiors 4s serly s 1914, the
thres-sloctrode vaive wes used :8 & f@;@é%@r in the ctom
Caerelsl system of fslephone sosmanicebion, ent By 1518,
transalssion of speech by redio wes sucesssfully soeome
plisheads

& brief goecunt of f%a ﬁiﬁﬁi@ﬁﬁ £ypus of Lhule
mionle bubes, sesely, bhe {woealectrode weeuus tubs enl
the three .lectrode veouun tube will now be renderad.
Howewar, In b is ﬁi&ﬁ%ﬁﬁ%ﬁﬁ§ #o sbbenst wlll be sede to
trest $he subjest Lo dutell $o say exbent, bhis seing
deemsd unngeessery ia view of the feeb thet ﬁ Vary otie
plete discussion of thermionie volves 1ni the feobops
limibing the flow of agay&n@ throush saeh wlves has |
been deslt with in preescions ﬁﬁéﬁﬁﬁi&&%i@ﬁ by Geztrade

Ko g}%fﬁl@gi iz }

'aga ai%%%&iﬁﬁméaﬁ%raa@ Veouwn Tube

Tho i%}iﬁs@ form of & thersisnic fube contuins
two oleetrodes, o sathode. wrileh msy be hosted to sny
desired temosrature, snd en ancde or nlute, pleced in
an evacusled vessel. {Fizaral) Tvis form of veguum
bubg is oftes called & “diode”, the famlly mow for twow
gleebrode voouun Yubes. Tor any &ufisiie Lempuorelare of
ow ¥-ltege Direct ;ngupg Lapliflier,»G.leBradley

i
thesis presented to fhe D wnb of Physics in
ﬁ gfwz"gﬁm&g e 2"‘"1»? ‘?«'9@% ‘ Jﬁ %’ ; S ?i};; ;,%:“}g' '

fiz}
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‘the cathoda, obtelned by epplyleg o certsin potentisl
§o the cuthode Zry, the electron curreat to the anode,
for verious potentlials epplied betwsen the cetiode snd
anole, he ancde belng -zde positive with roegpect bo
the cuthode us in Pigure I below, renfers & ourve of
tue gencral form 413103 shouwn in Pigure 2. Any ﬁgmii-
| eation of E&éﬁitiﬁﬁﬁ Boode %i%w stove thet at point
By of the gurve m&iﬁa fm mmwmzy o further ine
rents Thus, this upper seetlon, By6y

of the curve is terued the "seturstion curreat,.® Howe
ever, should & 41fferent potential, Epps be applied to
the osthode, & 4ifferent curve &gBgoly L8 obtained hove
ing & 8iffersnt sabursiion noind ﬁg; In Mkm bt
'ﬁiﬁs&, the ssburetion eurrent seetiong, eﬁiﬁx and ﬁgﬁg
are not traly horizontsl bat slops slishtly wpuerie
One of the foetors placisg this limitetion on
the eleetron eurrent s the m%ﬁim effool
electrons esitied from the euthode by the electrons im
- %hs spzes betwe ar the catholde and snols, due o the
space charge of the eleelrons in the spees. Ienerd,
%ﬁmaw end Ven Schweldler, in their sarly experiments
on the photoslectric effeet nctlced this lialtation of

on the

current by epece charge when the ecurrent is caused oniy
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by electrons, This effset alss came o the ebtention
of Soi
with metullic oxidus im 1807, The true explanstion of

ay{13} during the eourse of his experimemtetion

_bhe deerensed surrent, however, wes ool rendercdé uatil
:.i%%%% whan wwm%?wma soplid) ang defe LildemriciallB}
gave en explensiion of the nugfiive spaoe churge.

The liaitetion of ﬁ%?fi"w’%ﬁ%& by &p ﬁ?ié chargze can
be briefly demonstrated in & quelitebive sesrer se fole
iowsr  iLet a.@aﬁi&i&ﬁ @ﬁiﬁ%@&.ﬁﬁi be applied between

the outhode ed enode, How L7 &he @ﬁ?@%ﬁﬁ the snods

be observed as & fumstion of the cathode potentiel {(i.e.
the esshode Semporebure), bhe currgnt will at flest in-
eroanss unbil it resches & welue By (Figare 3). . fny
further incresse ia t&ﬁ=@&%ﬂ@ﬁﬁﬁga%&ﬁ%i&i,ﬁiii not enuse
& further lsecease in the currest, end the seotion Fi8y
of the eurve is oblulsed. This current is referred to

a8 the "tenpirature ssiuarstion current.” Beyond the

point Py no further eurrent lucresse 1s noted becsuse

S0 @ﬁﬁﬁ‘%iﬁﬁﬁrﬁﬁﬁ Ere saibted that the resulsiss volusme
dansity of thelr eherge csuses sll other enitted elotw
trons $o be repe.led, end these yoturn de the euthode.

g g 2 gi%i@ S58 a«&f?*?w i%g? & i* e 8é
{3 *§ i Beiare dhlie igﬁgfg q 18%¥
{18} » Phye Zelbohr, 1808,.7 $ZulB8, Vule$
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Should thoe &

nofe potentiul be incressed o z,
the eurrent will be found o imerecse, since %ﬁ?ﬁf&1$¢¥
trons are drswn swsy from the coihodes Thus the bose
porsture must be relsed to Fp before full spuce clerge
ean manifest ibsclfe Thus, the hisher the spplied volte
age, the higher the saihods beuporsture must b6 30 obe
teln full spuce charge effoob. |

Thg ¥hres Zlsetrode Yeouun Tube - The sotlon of the
Control 6rig¢ - Gonb

4 sehometic dlugran of the threewslectrode
vacuum tube eireult embodying the voltoges applied So

the filement, plate snd conbrol zrid is stown in Figure
4 snd the C‘sesoeription is given below, ¥iw sesnings of
the varlous symbols espl - red in the disgrenm spre:

¥ = Plete or enode

& = Conteol Grid

g

F.lement or cabhode.

]

o’

Sy w  Setlery remcering P positive with respeet

to P,

. 4

Eﬁﬁggyg rendoring © pesstive with resseot

]

Zp @ Batiery o hest filsment or coibode.
Zhe quantitative i@fﬁ%ﬁ@% of thiz third electrode~
the grid - ez £irat given by Ven der BLJl inm 1913+ &

- Bhort sceonnt of this sffeet will sow be givens




the positive potentlal of ¥ pesults in the
drowing of sluebrons fros 7, through 8, %0 P The
-pegotive potenticl on € hes the bendsney to drive then
baek to P, so $het by lneressing Eye & volue sey be
reasched Tor which sll enltted slecbrons sre driven
baek to $he cathode.

fi‘ﬁg » 3 aod the eontact potontisl betwoen
F oant 87 1s supsoned zero, %%&ﬁ\ﬁﬁa wleebric fi6lé bew
Swesn F wid & hes e definlte velue, depenient uposn the
sonstruction of the $ube and the 4ifferunos ﬁf polan
tial between T end @ (F asdé € ere now supiosed o be
mebaliieclly cosnvoted). Thie i Gus to the feet that
the potential of P ceuses « strey fi@i@ $0 sot $hroush
the apenings of the grid. If the §$%ﬁﬂ&§él sifference
botween F end PO be sgual $o ¥ Sy the fleld &b & point
mesr ¥ ls equivelent to the fleld that %ﬁ&i& be suse

telned st thet point If & potentlsl &iffercnce equal

to ﬁg‘%@ appiisd bebwesn the gsthede end the grid. In
e ususl olrouill ? is positive &ﬁ& aa@ tirection of e
the field is %o drew the slootrons &%&?‘f?ﬁ% Fe bt it

dosa not &ruw eleeivons bo the grid, e: would happen

if & pobentisl £ifferunoe wers applisd divectly o 7

snd G, but tends to druw slestrons $o P, throu:h the

Gpenings of O



Aw well ze this strey fislo there i the cone
‘taet potentisl ¢ifference K between ¥ snd 6P, Henes,
if K be ?%&E%ﬁ@ﬁ sositive when It tends to drew gleose

trons swey from the esthods end 1f the maximun velocity

nisslons expressed in volis, of the eleetrons libow
- roted from the cuihofe be ¥, then in opder to 4vive all
the exitted elevtrone beck to the oo thode, & potertial
. differesse nust ba ﬁ@@%&@& belween T and § glven by the
guprossion:

B = By 4 {8}
2+ € T

‘where By = the sotential differense to be spylied bee
twoen © sng 0. j
¢ @ amplification constent (definltion %o ve

e luber),

renden

sl € o E 4 ¥ « constend.
Tuis %ﬁgﬁ%@@iﬁﬁ esn be rezerded so the effcetive volbe
age when ithe polenblal difference buobween the gr&&:aﬁﬁ
filemunt Lo zero. |

Tnis expressiosn resily §%§i§%ﬂ thet 1f the
grid ent flleuent sre st bthe seme potuntiel, & potens
tial @iffevence &y betwoen Filesent snd plate couses &
gtrsy flall o sot ﬁﬁ%ﬁagﬁ the openings of Lve grid,

“which is equivelent bo the fleld the: would be produced

Bial differcive suusl to 2y were appliied

directly bebween filesent end gridd



ihe suell gquentity € represssts ma intrinsie
pobentlel 4ifference Lelwesn the fllasent and the Byse
‘Sem constiiuted by the grié saé sletes The constont A
Gepends on the opernting wltagess I7 sow & sotential
differenve of mesnitule Ly be spplied dirselly Letwean
filenent snd grid, the effecilve volisge is the tube is
obteined siaply by stiing Sg and G

Thas, the effesiive volbege zuy ba ewpresssd as:

¢ 2y € (4}
iz
The surrent %o the plate can obviscusly be @Fe

- pressed as & funetion of fhis %ﬁﬁﬁﬁiﬁyiié?
where £ = & conwtent, and
I; = plute vur ent.
& similsr expresslon Zop the plate vurrest is

given by %@%%i;@ﬁaﬁgi?}g $hisg @3@3@%&&%@ saly bolding

oVer & assrow renge of the plete eurrent - grid potene
tisl ehsrsotoristio ourve.
z;} * 3- 533;? ‘i‘* ﬁi“% “%" K‘gé fﬁ}
Zp )
wharg Zp = plote impedence, to be dolined luter,

%o = constant.

{16) Yan Darp

(16) : 3 nie Veeuusm Tubu, pe 146
{17} Uobtinghes

Preskiin In titute 20D, 287, 1930.
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Egéﬁﬁiﬁﬁ fo} is true only whes w@gﬂl-, and
wﬁ gan ve broabed &s eonstsnls whleh arve infepenfent
@f Ly wad &5; for « lislbed runge unter econsiderction.
This L8 gulte iwgi%i%¢t$ se bhe gy ﬁ&&i@ﬁ nty be GXe
g@ﬁi&@ﬁ%gii§>v@yifiﬁé. “ﬁ%%iﬂﬂ% (&) end {@3 ave of
she gang fﬁ?ﬁg Ohmte %ﬁ% &aiﬁg sssumsd %o holé over &

anell nortion of the CUIves

LOTIC CQURYES oF THT THUOO L TRE

?ﬁ%i%ﬁ;iﬁ} BES 1Y,

%%ﬁ&iéa?iﬁg &1

ETEALE 2 1 (5)
//o

we see that this expression contolns Swe independsnt

Bpe Thevefors, & thressslectrode

veristlee, Iy and
tubs olireult possesses b lesst bteo femilies of eharsge
terintics - the survent &5 & fanciion of fllssent - |
plese vollage 5, for verious asg blve values of flla~
ment - grid voltege L,, and the current ss & fumetion
of filunenbegrid volbe ® L.y for verlous velues of the
plate sodentisl Egﬁ

| %ﬁw@%ﬁwi‘;@&'%w sha fooeb thed $he contrnl
grid tekes sone currest irrespuctive of how negetive &
grid bies is employed, the probles is nob 2o simple. &
diceussion of the wuricue foclors esusisg $his will B
rencsred &1 & leter slege in bhis srounicction. Pois
grid curront csuses Glstortlons in $he orid polentlale

plate surrent ourves




5

1
b

o

P

dowev.P, bo proflet the eobion of & tharsionie
fube fanctioalng es an suslifier, lhere sre tuo Tundse
awntal fenllies of eorves o be teken lnto eonsléerte
%iﬁﬁf necely, the grid potenticlegrid current fasily,
and the grid poteantisleplete earrent femilys, These

feailies will mow be consid.red in burn.

1. Grid Porentisl-Urid Corrent

Figure 5{b) sbows & Syploel zvid sotentiele
grit eurrent curve, obisined fros & UL 20l tuobe.
Figure Sls] shous the eireuit eaployed in oblaining

trie curve. The seening of the werious symbols ¢

BRLOFw
8t in the disoren urate
» Grid bles battery

= Filesept bettony

i ] 5
L S

» Plute beibery
= Volbustup
§ = Colvenometsr to measure the grid caveent
The grid curvest asy be eossidered sz belmg
eomoged of four verious gonponents:
is Orid $o Fillzaoent loskegze currenta
Ze Flole to grid leskuge epurrend.
&« Positive lon surrest, due 30 the tonizeiien
of %%ﬁ ropiduel gee ent dus to the sulsslion of poslitive

fons by the fllasent,




- B2 -

4. Zlestron surrest to the grid. Then the
grid is silghily negellive wslth rospoet to the negstive
Gorainnl of the fllassuent, & geriels number of slsetrosns
arg &ble Lo overcome the sdverse nezoiive potentisl
betwesn the flilsscnd and orid %ﬁ%&%ﬁé ef their initisl
chnetkic aﬁﬁﬁgy; #hieh iz Gue o %ﬁ@‘%égaf%ﬁﬁﬁar&&ﬁgﬁ af

$he flls enb. :
arising fros s grid eurvent curve, such &8

Figure 5{b) are tauo lmportest quentitles - Grid Impeds
anee end Orld Conduotanes - whith will now be cefined,

{n} Orid Isoedence

This questlity is dofined es the reelprecal of
the slope of the grid carrent eurve., I% is ovident
From Piaure B{b) thet $9is quentity ls positive for
smell peguiive velues of the grid potestisl wnd nsges
tive for lerger nogetive walumss of the grid sotuatiale

Thus,

dge 4B, {7}
d}:@
whare &, = grid lmselonce
d%; = small ehenge in grid pobentisl i
dl, = smell shenss in grid esrend | o

{b) @rid ctonductange

The slope of the curve releting the arid
potuntial o the grid surrest is definsd 55 the grid

gopfuchones,
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where g@ jo grié eosduetonce .

LisGrid PotentisleCl:te Cucrent

of the plete current cherectoristle emd & typlesl eurve

ebtainet is given in Figures 6la) sud &{b) resseobively.

The neasings of the symbols smployed in Figure 6la) sre:
Z, = Grid blss bettery

i

Filement baticry

¥ = Volbmster

& = Sslvenomster o measure the plste eurrent.

The megnitude end forg of sueh B ourve ss thet
shown in Pigure 6{b} ere influenecd by o
thug, in order to predict $he sersitividy of the esaplis

r feotorsg

fler under say given corditione, the plote current form,
fﬁr thene ennditions, sust be Loowhe

Iz is now e@%ié%m@ timely to insert seversl
definitions releted to the plate currest thet will be
noed subsesaently in Bhis mﬂﬁm ostions

«%%m“éﬁ%& ﬁ&;{i&@%ﬂmg ' {ggﬁg ,

- The sutuel conductence ls given by the slope
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¢ &% & eonstent

of the grid sotentisleplits surrent ow
plate sotentisle Ao slocbrele supression for the sotusl
eonduetance is therefore:

Gy = (_alp} u, ® eonstent {g)

where €. = mminel copductance,

-
o

=  smell chemge io zrid sotesiial,

1<y
by
%’@

= Chatce in plobe gurrent.

The ﬁ@%&ﬁi_@%ﬁﬁgﬁaaaﬁﬁ'ﬁ%ﬁ%&rﬁ & mensars of bhe
aifect of the zrid potentlsl on the plate gurrent wod,

therefora, iV I desirome B0 bave s lorse & subuel cons

ductence a8 sossible, sheress the grié erpductunce o ould

e & sinloas o sblelin sensliivity in g smplifier. That
is, the input gurrent sust ruise the sobentisl of the
grid se such &8 popsible, and this oust slier the plate

surrent & oeg

imgn sxbont.

Piete Imsedsnce

. The reeiprocul of the elope of the grid potens
$laleplute current curve 1 defiped sz the plote impedw
ance Z,, 8l the corvesponding plebte wad grié potentliale

Fhis mey be expressed sloebrelenlly in ihe Tors

mi .o {10)
E




A Qurivetion of & simple relotion bobtwesn
matusl ecaduetants and plote impedance folle ﬁﬁ&
By acustion {6} w»¢ heve
? » _&_{ﬂg}‘i“/uﬁ* + 5,0 .
ﬁmﬁ ay schetion () we heve

&

a = {85 ¢z = econstent.

(€ 253 °
Thus, &ifﬁayﬁngi&%iﬁg'£§ with respset && %g,

eonstent, in equntion {6} we have,

Amplifiection Constont
The asxiaum volteze seplificstion obdaissble

from eny tabe i repres sted by $he waplificetlon cone
stenbe 1% is & fumollon ouly of the geomstey of the
tube, beling depe

meter of the zrid wire, and the clebtanve belwsen Lhe

naent on the assh of the grid, the dlse

&P wnd the plutes Tho grié potentloleplete current
surves efford #ethofl of Gotersinstion of this quontity,
it s found in prectiee that tnis GuEnbiby, AL, 1z not
galbe eonntant, iis vsine fe@roscing with ﬁm@vﬁﬁﬂfﬁgiﬁg
voltages. Zipressed elisbreleelly, the soplificetien
gonsiant

”)6" =2 . {10}

& %,

i




}?g‘& te &giﬁﬁmg
The resistanee of & tube {3 due to the work
which the elestrons ealited fros the fllimesnt smst

perfora in theilr trensport from the filement to the
plate. An eluostrom, io moving through the filesent
mast gwﬁ?@m & amount of work swusl %o the sleatron
affinity. Is i%e notion from the Pilsacst $o the ploke,

1t hes Yo do work in overcomlng the ecntset cotenslal
difference botwesn the gathode ozd .

noode as well s in
overeoning the spoce charge orfoohe

the direct eurrent rosistencs of & tube is
given by the pabic of the plate pobentisl Iy b0 the

1+8.. By ¢ B {18}
L
where By = plate resistence

In thls disoussion thus far an siteant hos

render some aecount of the theory, Tune

been mnte to
tions, =né cherscteristics of the sodorn theral-nie
valves ‘@ will now eabur inte & disecasslon of direct

earrent auplificstion elreults - both simsle end eonplex.

THT SLELE AUPLITINR

e

As hes been indlested proviously, the detsgtion

wod sensuracent of ¢lreet currents is high resisteses



= 8L =

sireuliz depont oz the oLservitlion of & sheanze produced
in the plade carrvest o2 & thermicsnle tubs, resulting
from & chsnye ia the goid sobentlel. This is ususlly

brought about by the drop of notentisl produesd in the

grid resistence by the surrent belng seecured.
By ﬁ%ﬁﬁ?‘%ﬁg the grié pot sabialegrid eurrent wnd
grid potentisleplaie current surves, with oporsting re-
slstanee In the plete elreuid, = prediction of the assnsr
in whleh the Alate gurrent of the mw iz depenient upon
- Bhe grid potentisl msy ve obbolnef. Thob 15, the sonsie
t1vity of the eireult, Gofined so the chemgze in the plete

surPent Gorresposding to & smell chense in the grid

pobenticl, asy be Lhus doternlned,

whore Sy = esnsibivity So wolbsge

enk,

6%, = echunge in plate cur
4 By = echange in grid potentiols

Tne Compubevion of ensitivity o Volbsze

The sxpression for the plete eurrsnt in & thope
smionke tube wee glves in egustion (6] es
Ip L (% 4puE 4 5)

Zy

How, the Kirkhorf isw equstion for the plate



gurrent is:
?E} - §§§§ {155
plete potential,

g.; *&gﬁ
4

L I

whaprs
sk,

plate curr
¥ batlery poientisl, and

s
"

L

¥y
%, plate elreult resistence,
By

y squation {6} =& huve

gn;; 3 Xgﬁ */ﬁ?&g “ B o

Upon sabstitubion of $his walue of ' Zp in eqiow
tion (15} we haove 3 ‘

Ipip ity = Bp m Vp L Ryl
R

g&'g} ‘l‘l\* 339
- “‘"‘“‘3""‘"‘ { g@:@ *‘;y(«bﬁg "I" g@}

uﬁéﬁr : N
14—
mi“mmﬁ%%m of fz} w&%& ?@%ﬁ%’& ‘&a& K

fﬁl&w&% aEpression fop am &m&i%vﬁg ‘k@s vﬁim 38

of the sircuit.
Sy w Zlps TH = % . (e

a5, r
BT S A,
=

It must be borae in nlnd that Mm/u s Bny and

Zy ere consldered sonstials. This sssumption is guite




legitisnte in view of &is fuek thet the fimel scustien

{16} above lanis 1Ssclf %o superisental %ﬁfiﬁ%ﬂa&{w; -

¥e must now ecnslder the reletive megnitudes
of the fsetors of this SuuELL00.

. should ﬁ% be wory smell se compered with %y the
sensitlvlity would ‘e direelly provoriieonsl to the muebunl
condusiance, Howaver, 1if Ay in m%; smsil, then the sone
Biilviby is lo s @m the ﬁl&%%? condnelonoe, bogsose y
iz sluays positive, |

i;mg&i%wi@g By small {the genorel ssse) :isiméziﬁ,
v 4 on the

any aenner, o dvop im sobendfal be inpreces

grid of & wsoaum Sube, thon the resulbing shenve i the

plete currest would csuse = derlecting Jn of the gale

renonabor, whieh has © seasitivity, suy, of S, DS »
» : ‘ : 7 B

whepe A iﬁ? wnld Aa% are the respecilve chenges in plete

gurrant and zrid sotentisl.
The sensltivity to volbsge in ¥olis of such
88 %ﬁ?iiﬁ iﬁ? :&g; %&@mfﬁéﬁ‘%;

By = .-,.i.. e G S, - {18)
- Asg
From this equation 1% is svidens thot the ealy

facbors to be eonsidopad in volbase amplificstion ave

(18} Sobtinghen: Jowrmel Freaklin Institute 209,267, 1930




the mutuel conductence enfl the sensitivity of the gale
venonstor eaployed ian the plste cireults Thus in say

sasiifiection ol roulit, 1€ & Bixt

1 sensltivity o volbage
is %o be atielned, & tube of hlzh sulusl conductence
together with s sensitive gslvimometer should be usel,

The Uomputution of Sunsitivity to Current

In this instence the chungs in the plate ourre |
ent with & chence in say other eurrent in the imput oire
ouit is obsarveds |

The Zirkhoff law for Wm zrid surrent s

: % 2 Vg Beliy i} (19}
were 5y g grid potentisl,
Xg = grid current ,

inpud recistence,

"

’.

= grid betbtery, l.e., "¢" batiery poteatisl,
i = ocurrent belng scssursd, €.g. photosles

irie currsat.

Differentiation of $nis equation with respect
to £ .gives o

G830 Bg-yed %ﬁg a5
A 41

O - ‘




or, that Ls, the chehge in grié potentisl ie eguel %o
the drop in sotenbisl predaced ﬁy the photoslsetrie
carrent ov.r the grid Wiﬁ%@ﬁﬁw

OwEv.T, ;ig may be eithey posisive ov nezebive,

deponding upon whieh nard of the grid earrent cherseter.
fetic the amplifier is ﬁ@ﬁ?@ﬁ%@m Thas, the e nze in
gz-iﬁ; sotentisl aey be eliher grm%@ or less then the
drop sevoss the grid resistonce.

iz 3@
the walus 2 g thom & Iy Mﬁ%ﬁ%&ﬁﬁ %rzz gras t, aisce in this

b8 negeiive saé By be adjusted bo spprosch

Base, t%z@ @ﬁ%ﬁ%&%ﬁ* agg:mfma EO¥C e

E . squation {1@} exprossed &%w %i&aga msi«-
tivity as _
. ﬁfilﬁ Ga {16}

5
|

and | %@;ﬁmim {20} gove {20}

AR W a2,
s . Zk
L |

¥




$he roepulie

. Thus, en comblning these scushions

ing expression is ef the form

S 3

ia renlicrs an expression f@r tha %‘&ﬁ@iui’?ﬁﬁﬁ io earrest

&f s soplificntion glrenite

o 14 R “’._

_ However, sn the fzﬁmw hend, if ﬁg be g@m%w&,
'&&é ﬁiﬁa‘, nthar quentlitiss eon: %;m@ wlin ’?&%&% &:‘m&@%&&a tﬁff
B ths sensitivity wiil mwama with B L, Tesching &

-«32

‘mpper Linlt vhen B,

‘ iﬁ i;;} | Gy « Z {24}
"8 00 a o
14 2
By

%ms éamxﬁ@z& expressss the fi%&mgg grid 6Ofm
dttion. Thus, in the eonpurison of two tubss, the one
with the nigher inoat iﬁg}%@%m@ &t ths gsﬁﬁ%mg grig
potentisl will huve the higher sensitivity, 1€ the mue
tual eonduotencss are iﬁﬁmi%h |

4 wueh higher sesaitivity $o currents is




. BF o

obtelined, nowevir, when Z. il negetive, :nf this state
mey he sccosmplished 7 the applicetiosn of sufficlesnt
nozative blaz 60 the conbrol gride

The %@&%ﬁﬁiﬁiﬁ?‘éi’%ﬁg gaplitiestion siveulit,

nowevers is limited by its Treedom from irreguler dlse

& Thersionlc emission of velve filemenbs
& brief sogount of iLhese i%ﬂﬁﬁﬁ%&rﬁ%iﬁﬁ and

how they ooy Be o.2s0b $o 2 sonslidereable exbent will
pow e unlerialon.

e Loteroel &operabus

in gencrel dny ewpliiying elreull is very sene
sitive to high freguency dlsturbances. These dlsturbe
snoes oy be svolded by complotely enclosing the &pDEw
rebns in o conduebing sorthed shield.

2s JButteries _ :

iny chenzes in the potontisi betweon grid snd
filcoent will be sopliified 13@%&@&@%?@& of whether they
sre cuused by the current from the phetoeell or by
nges in the wltege of tho letteriess Absolube cosie

oh
. stenoy of the filasent balbery end $he grid bies beltery

aspoelally is lapursiive. Yorlstiops in the plate vollege




ot 8186 be ainlaized to as grect an exbent ss pessible
although thie is of less lmportence slnce these verige

tisms ars reduced effeetively by the ssznifics
Bor of e vaives

It is fepossible to comnlebely szwm ths slow
?@gﬁ‘iw voibesse %ﬁi&%i@m ancousbersd as the batberies
ran down Sub these are, in genersl, of little imporbance.
Zrouble avises only frow repid snd irrssuler battery
vuristions,

Ba  Thersmionle Tals sion of Yalve @gm@wﬁ,

Tuis effect is censaf by =minnte shenges in the
surfees residusl ses. Alberatlions of the electric field
ar the filsment tempersture mnoy cause this ges to be

the ﬁ?x&%gﬁ@ﬁ%mﬁ, both grid notanilaleplate current
and grid potentislezpid curvent fumilies. Ior this Pesw
gon 1% is advisshls not to ﬁg&ﬁi‘@%& the smplip

~#one 1ittle time efter $he filument mﬁﬁﬂ‘ﬁiﬁ& hes 1

ag;g&iiaﬁ in &&@w thaté & stendy steie of filsnent tenpee
ralure sy be sbtelined.

48 hes boen implisé in the foreword of this
gosmaniestion, %% saniified surrent nust approzizate
the sens order of amegnitade sz Bhe plute currert 44 ore

dor to resord the wmplified cu rent on the gelveanome




seeles. Thus, the sswller the él@%& current, the more
sensidive $he aaplirier, é&& other factors belnz conie
stante« _ |
Figure 8 shows & eiroult exhibiting the gri&&
.eliple of ths ususl metho€ of redusing the plete eurrent
fiowing %ﬁrﬂﬁgh_ﬁﬁa g%&%@ﬁﬂ%@%ér nesely, the &@§1&$§$&$ﬁ

of & rev.rse clesetromobive foree to the galvenometer
from an suxlliiary sourse.
A& current lg, whose megnitule ie conbrollsd by

the resisience 8, is eoused by She suxiliary babiery K.
}§&i3 sarrent flows through ihe gelvadosster € in the ope
gﬁgiﬁéfﬁirﬁﬁﬁiﬁﬁ»kﬁnﬁﬁﬁ piate purrent ig; thus balasneing
Xﬁ aut of the elreuit Ead ai&&%iﬁg only the aaplifisd
eurrant o e f@ﬁﬁf@%& on $he gelvenomebor, In ﬁkiﬁ
@snner Lthe Lostrusant sy be lacressed in sensitivisy

ilmited only by the cegres of exacbitude and con
of the belunce.

Groetor sensitivity muy yoi be obtalsed by bole
aﬁﬁiﬁg out the plate ourrent by = secomd vecuum bube,
whose cherocberisties heve Leen sdjusted $o -abeh Ethose
ef the saplifying tube so thet flwcbustioss in the opersbe
iz polenilales sre esusenpsaied ir the ;1@&& @igaaﬁﬁg
247 BRIDGE &LV LI | |

in the bridge eirealt, the s}jeie surrent from

Phe walve snplifyisg ihe current %o be sessured is
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pompenscied by the plete earrent from o simllar walve
whoga arid ig% asinkained st & fixsd :@ﬁ%ﬁ:i :ix The
gain of reralerity in this elreult nore then mekes up
for the loss in 10ssl sensitivity.

This primeiple wes firet recognized by ;aéax&‘ 19}

in 1916 mﬁ ke deseribsf en maplifier cocnmisting of &
Thentstone bridge errenz.cest, the smplifying tube in
one ers and the bal

enelag tube im the others This wes
Followed in 19E1 by J. Brestanct e {20! gabhod of CLoaBuDw

ing jenlsstlion currents by threee.alsetrode tubes in s

bridge elreuit. Sresteno’s owrrent seasurescnts were
mede by the stesdy Geflection palvencsctor cothd. e

claimed » sensitiviiy to volbsse rnd ourrent of 12 = 104

volts end 3 x 101 enps respectively employing this
2 Afla
gircults.

4 mf‘mﬁia disgren of Brentuno's sirezit s
shown in Vigure 9. Velves V) sud ¥V, are connscted
through equel resistances T3 and ¥p. Ons teranimsl of
each of these resisbances iz eow %i;wﬁ $5 the positive
pole of the plete bsitery Vps the other teloy conneoted
o the gelvenomeber 6. The hesting @wmﬁw throuzh the
filumente rre regulsted by the resistences M snd Bow
EZ el of the grids ney be eounected to the posistive plate
of an lonisstion chanber %%m%a*h €L snd Cos

{1e] m S Patent ﬁ@, %ﬁ‘?wg?ﬁ = 1916-17




Yhe hectling curren.s &rs met 80 a8 (o give
agual pleie surresds birouzh bolh velvss, when ths

2.

grids sre lasulated. doweyer, when one zrld besome
‘gharged Gue fo the lonizetlon currest, bthe plate ourw
vent $hro gh the voive is alberet, ene thi gelvenoe
meter eurrent ie sltered a corvesponding cmounbs By
inseriion of «u slectromotive foree in one valve Sidw
@uld by seane of betlery end resistances, the bwe bubes
@y e sptohed, ?ﬁaﬂﬁ&&tiﬁﬁ& in the heebing eurresds
and in ihe plate potenbisle sre Lhus redooed since the
nesbing currenls for the flloments snd plebe volbszes
‘aPe suppliled fros the seme sourees for bobh valvesa

The pex publicsbion wes nob forthoomins wntil

1827 when Sesaription of & velve auniilfler to repisee
the elocbromeber for the messars.cat of ionizetion cure
rents of the order of 1072 sRpere %&&‘fﬁﬁ&%$@§~§¥ Gale
tyoneiliionsi 2l onis clrouit wes a0b wpplicable to
reoente of the naburs of Y-ray lonlzation purrents,

Tyopeiilisns, howsver, in 1928 publichod & scdificsiion

of thils aiznﬁiﬁggg}, %ﬁ%ﬁ&iﬁ verteln precsutions were
beken ez %o shielding, ste., S0 thut sny dir.o eurrests,
of the megnliade of 10~18 o 1p-lB »%@ﬁ?&* might ¢ zepsure
ad, lrrespsetive of thelr scures. 7Tils method wes

Ts FRELI, Pope Blle
§ I84.
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identlicel to thet of Zrentsme with & 7ow nlotr alicres
$Plons. The surcrest seneltlivity wes ab ineressed, obe
tsining only 10-12 o 1g9-i8 smpere, end the scele vas
-Found bo be oot strietly linesr. Fluetustions of the
potentisls of bubteries thus protucliag eoptinwous or

8llizhtly Qifferent chanses

it the twe slste currents,
renléred an uvastasdy zero.

Artificlel =mbehizy eie Bhen resoried do so
$hat 2 sleady zero alght be slitoined. Tnis ¥EBS BoCom-
plishe’ %y the &%ﬁwﬁ% #nt 8f ths bmo ssrles filesent
resistences, which wa“%»&%m@%%%ﬁ,af"ﬁﬁﬁ sopiions of &
slide wire, wtll s=ell ehenges in the bebbory voléezes
produced no chamge 1. the salvenometer defloctions This
wEs an improvemsnt over the methed of Brondsao, whileh
§ﬁ§ Luo iﬁ srandent %q?iuwiw ssistancss, @g‘ﬁﬂ% 8
{¥izure %30

4 eriticisa of Symn-Yillizms® publication of
August 1928 wes zlven by ﬁf&m%mﬁﬁgwé? in 1529 when he
deseribed & veeusn bube eliveall usin: hord vecumm tubes
Whish wors b svellable #1 the $lme of his 7irst sube
iisatlon ln 182Ls, 41k thls sebeur = sensliivity of
4 x 1078 5

Branlano gﬁing@ nud a% 3 his @tﬁﬁ aublished In 182}

Bpores and 2 x 10" =3 ?W&%ﬁ s obtalned,

di¢ mot Glifer from thot of Yyrne¥illisss exeent i one

{22)= Phi, Msz. 1529




unimorbent dedall - the istrofuetiosn of the slide wire ﬁc‘;ﬁw
eribed sbove. Ho uwlso elaied %?m% the ssnsitlivity éf \/\/,V nne
Hillisas® elreult wes limited due to iw@gmgrimw CRUS- |
ing unstesdiness of ihe sero, The inoresse of the gspesity
of the obs gfi& when eorneeted to the losizstlon selesetrode
was neglected by Yynoeilliesss. 7These supacitiss m@a}é %
of tre sene order of asgnitude, the ¢ et velues ?wﬁ,ﬁm Fe
panlent upon the gharescteristics sad the in aﬁ}wﬁim of the
- grids.

' in the previcus eireuit, ennloyias soft vaives,
1% was Lampossible to pot & suffielently dense speee ¢herge
neer the filumeabe Homee the plate currest would wery
greetly with the chenne io tespersiure of the filament,
Thus the coobrel of the hesllisg eurrsnt becent loportenta
%@%&?ﬁ}?; aglag iﬁ‘iﬁ nighly evesusbed tubss now swailatle,
the flucbusiions of the heating surrent hed very littie
effect uwidier %im@@ ganéitlions.

| the important developments mt&é iz this olre

gulé In conparison with caviler glceuits are’s the employe
ment of sereon zrid type velives $o obbuln zrester stable
iisy; the ianer grid of She conpsnssting valve Lo eofie.
neebed to & soleotloneter throush & high ?ﬁs&%i&zmﬁﬁ% | £3 523
& eondenssr of verlable cepecity iz slesed in ?m%xl&l to

fielisg.
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Jo 2. 75110154 g5 3029 puvitsnes some furtner
improvescabs on tkis $y.e of direct surrent o plifiers
The lmprovescats were the result of ihe followlng sofle
Tientions:

is & rzsistence wes inserted in Beries with the
tube in one sps of the bridge o resder ﬁﬁ%@%w&igiﬁﬁ~£ﬁr
variastions in slebe end zrid babis By voliares |

2« The tubas w&%@ saspunded to offer protsciion
fron sechaniesl] vi&w&&imﬁa,

| Be Tutes with pure Sungsten féi&ﬁ&ﬁﬁ&»%&?@ &t
sioyed ao as %5 & void ehenges in conteet setentisls,. The
& éﬁ%ﬁ?vﬁﬁﬁ

gi&%@& eneloscsd the filencnis gompletely &
| affeot of wnll chergus.

Figurs 17 shows & schemetie 4lsgrea of Eelin's
 Bizeuib.

Symn=Silliems ennpeebted ons %arﬁiﬁal af the low
nud ai?@ﬁig o bhe zeid of one tuba, 28l 1he other btove
minal to the filsaenbs Tz raptored the leskage of
the grid-filssent & porbion of %%ﬁ‘iﬁﬁﬁg civeulifs

The tubs ¥y, in Figure 10, tukes & voliege obe

Salped from e smell curvent paosing thr gk Ltha algh
rasistence ﬁf in the 2eld elireuis, and ef fleetivaly
trapafove this voltege (aaplifisd by the scblon of the

tube) %o bhe plove cireu &,

124) J.0.5.A. and R.S.I Vols, 18-19, 1929.
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The grié vettery % i mede suiflelently lurge
80 that the clegbron eurrent %o the prid 18 sloosl nege
ligiﬁiag Tuds grid gurrent wes gonsldersd by Sziin to
be oo niaute to nevessitute & eonsidsritlon of the
ghenges lu the grld earvent ﬁ?ﬁﬁ@ﬁ%ﬁ by ehenges in the
grid voltege, whieh wo 14 vesuld in the smplifier dow-
§¥ﬁﬁiﬁg for the consbancy snd relisbility of iis amplie

anit churece

Flestion feetors gpon & zrid voliageesrid ocure
terintice Thon the wvepristion of e pleie currents

Zyom linserity of the

%

world be dus only o the ceperbure
plote curcenb=grid volisgs « chavect Platies of the tube,
end bhe Lingtuwtions of %ﬁw sebenblsl suppllofs

e chasizes Is the fiz%

$he erfentive grid volitaze with respect o Siffarent

nint voltage agy sltep

perts of the fllasent. These chenses zre eonpansatsd
for by the imcertion of & resisiance Bpe Fluchustions
in plaite wolbngze sre co-venssted for by & reslstance Rp
_in series with the second bubde.

o 7o ie Halder sad s Resek(Z5) 1n 1529 deserite
&l & siample gireult employing nizhk vesistors 1o the grid
gireult. Toey hive showa Lhe slterciloas ii the grid

sotentisl-ploie surpent cherectoristics of & CX-B1Z4

tube, csused by latroducing resistsnces into ihe grid

(28] Julslehs aud Helala, ¥ols. 1818 , June 1985
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air@gitviéaa Figure 1l.. 7The gurve with the eireles 1a
bhe norasl grid potentlal-plste eurreni cherseteristie
wherees bhe cihers represant the eﬁar@ataf@&ﬁiﬁ after
iﬁﬁ&%ﬁ&ﬁiﬁg verlous grid resistors inte the oirouils

The 2710 megohs ocurve hud & very steep portion.
Thls gurva wee found 3o be lrraversible. Topr tho tuse
‘nsed, srii resistors uy 0 1550 ~ggetme could b Lnbros
dusel #ith the scosursnee bhet the curves sbisised woulé

be roproducibls.

¥

The emplunsiion f the eurves in Plgure 1l wes

&

founft o ils in the grid enrrents. Flet serticss &o

S

sormel chavecteristic, whers the grid

&

the rizght of the
Lz only milohbly sogstive, sre cue to Lhe ourrent of
ons on bhe

sloetrons ploked up by the gride The o2

o

other side of the normel eherceterisile sre caused by
gurrent in the Towerse dlirseiisnm. Hews the rrid is
more oegobiv. snd the ewrrent iv prefominssily or enbe
irely due to the sositive loos éﬁii&ﬁﬁ@é oy the prids
From these ourves 1b say be ssen thed the introfuetion
of resistence Inbo the grid siveuit sckes the slope of
@h%'ﬁh&%@ﬁﬁﬁ@i%iiﬁ grecter so loay es positive ien grié
current flows. |
The tebe hos besn sucsecsfolly used in this

maaner by Wnlder caf Begek for the anslifleation ef .
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. phobosleeiric eurrenis,

Grast &iifi@alﬁ wes enecuntored lgpoblalsing
resistore of hizh veluss thet pussaesged gonstaney of
value over say lengthy intervel ¢f ti:0. fozek snd
Halder found thei xgkﬁl g wleohol soalsd i&hgiﬁﬁﬁ
tabes witn @3&&%&‘1%-@%&?&&%@ proved salisfseborey for

@? o988 not ﬁXﬂ@% 5y few §%ﬁ%ﬁ

_(26)

The above suihors nave alse doveloped s

bridze elreuls using irh rosisborg tn bhe £rid olrouiba,.

Eaﬁ« t :iam bifﬁt&&d;
L. The mutusl oontactince wis tn be se lsrge

a8 onesibleg @&%ﬁﬁz&ﬁ**}gg poway bubes were smploved.

e G ﬁﬁﬁﬁ«ﬁiiﬁmﬁﬁﬁi sormon plete, aﬁé conmen
- grid bettories wePo used ao £s So redude Tluctustions
das o abba; i&ﬁu
S« The usme of & single %@%%wyy for the fii%@@ﬁ@,
the nlete, end the grid blss wolto-s was frand te gine
plify the process of reducing fluctustions consideradlys.
% wey f@%ﬁﬁ pomslile 0 sunply both filesonts

from the comon eticry by s :Ang shem perd of & potene
tial divider from which the plete and <rid bine volbages
are tukona

§ HOrY ém%ﬁilﬁé Ssseription of the ocirecits end
the aebind of h»i&ﬁ@% &ﬁm% need not ba desld with in

{26} Mulder end Rasek, J.0.0.4 =nd ReSal, Yols 1819
Des, 1929.




this gomvmnlestion ba belanced elrcuits ere not employ-
S By the writar 1a nig wr 5
RBazel nd Malder clainsd s sensitivity to volte

age of 1 x 107° volits and & sensitivity to current of

7 x 118 sapeg wiih $his elreult, Thelr soplifier pos
%"\

ﬁaﬁﬁ@ﬁ serbtala dofls (e alvantess over others thei bed

praviously besn prooosci.

3« Ordisery commoTeiel @&%@fﬁ, tuleoted only for
Bhigh inbernsl ipsulstion, weve Wﬁ%iﬁf};ﬁ&*
e Tussng $uban {}ﬂ#ﬁ},‘ @g &@Q@%,@@ﬁ A m a&i&%ﬁ

whobsoever on thelr charecterisbice.

Se Cuupleie end *mﬁzmigg siteineile oo spensation
for betdery fimebust ;e:;m was alToried.

4e it mede use of bhe loslzellon survrents o obw
4uin bigh sensitiviiy. |

Chyiocusly, & bridge wzgz}.if‘s,ﬁr of this soxd ey
be used to replece the quadrest electrometor in meny exe
parinenis.

From the dlscossion alyes ¥ ziven ﬁ; iz evidasnt

$h6% sonslidersils sucsssns h been obbeined emploving
orlilavry Lype meilo bubes, Lolh threeesloatrode snd
sereen £ol0 $yses, in amplislocilos cireults. Zhe 8ife
ficuliles gagountered wers asinly dus bo the foot thed
81l the Bhorolonie tubss hod boen %w@}mﬁ%& for saplifi-

gabloa of repldly verying currenis, sad thus, €o nok



w 8 w

poseess charu.terlatles fesirsble for direct current
WOrE.

Uy to the time of the istrodnction of & BoOGw
i&l bype veguum tube, the TPB4 pliotrom, for the pare
noge of 4 rent 6&@2@%&‘&&@%%?&@&@3@%, the mexinum Ul
rent ssnsitivity, ﬁ%@&iﬁﬁﬁ'ﬁﬁiﬁg~ﬁﬁﬁi§&¥§ redio tubes
‘in the bridge eireuit, wes in the nelshborhood of 10~1é
&mgﬁzﬁég Hotoalf and %ﬁ%&@ﬁﬁﬁig?} by the use of thie

spselal viive, dutested surrents of the nrder 107 7 ame

pared, which 1s & grosber sensitivity then that obdeined

from whe bast Compiou electrometers. Another Ffesturs

of thisz airﬁﬂi% 23 1% groct rosgednuss snd depenfabile

i8y »s sonpured to the electromeler cirealt,

Low Grid Currest Yocuum Tube - TUB4 Siiotron

i ordinsry tube Birenits the interrel recigbe

‘eace Ry 1s shanted by the grle resistsnce Lo 0f the tube

Bzaly &ﬁ@ hanoe the $olel resistancs cannot ozoeed ggu
ik az*{%}_&m opereting volisces T g iz ot grister them &
fow hundred megohss, fdue in ins letiosn letkages in the
tube, the oollestion of pomitive ione by Lhe grid, and

ofher ceuses. Thus, 1% is ovident thai the y&&&i&r rom

eslelosce aust be hizh or thet the grid @&yxaaﬁa

(27} Physicel Reviow, Howe 1930, Vol.86, page 1289,




ia the tube mmat be very smell, Eﬁéﬁfvﬁﬁér%%iﬁg gonfiticons,.
Heteel? snd Thompson were able to seiisfy this condition.
- The zvid ourrest in & tube with the grid sufe
fioiently negstive to repel all elsetrons ie duc to

| ie Loskege over glass or insulstion. This 48
smell in comperizon with the other currents and mey be
reduesd %o & ainloan by the usual sethofaa

2« lons formed by the prasence of gzes in the

fubse Witk the highost veenun obtelnsble @&a.?@ﬁiﬁiv% ’
los currend was founé Lo be gresier thea iﬁ”lﬁ SRnETas,
ig ﬁgwm%iy ; Bbove the lopligebion sorentinle ¥ith the
¥olioge velow 8 volle, ae loninetlon currsnt s proSused.
&y Thuralonie g?i&'@&iﬁﬁgﬁﬁ Gue to hestlisg of
the grid by £ilu

saployment of low filenend
Cpover wlll sllnincbe bhe hesbisz. of the gride

La Zmﬁﬁ'@sﬁ%@ﬁ& %yiéﬁa Fileswnba %&&i&ﬁtggi'aﬁﬁ
5a1th'?9) showed that posiiive fons arve enibted in large
mmbars byahot Pilement. These wre _rews to the RO
tive grid snd mey even emvunt to 10732 amperes frem &
emall Sungsten filesents To sverveons the pooebive spsee
@ﬁﬁ?g%; # grid is insevbed bebtween the filasent and the
grif to repel the isns, This grid is known o8 & space

ghurze pride The mubusl esordustance of the tubs iz slss

{£83) Physiosl Huview, 1970,34 « 164
{26} Physiesl feviow, 1950,35 - 381




iopreased by the presente of this specisl -pid.

Sa Fuotosleetrons omitted by the eontrol grid

under the coblen of %iaﬁﬂ from the filanent. The enpe

ioyaent of thorieted filsnents, operated =t low tompere

abures elfeptively refuces the emlission of POt o8 L4 e

trems from bthe grid.

§a Photosleckrons salbie control grid
the sorsal

sbe yolbsces roduce Lhe eurrests

#0ft Serpye Trom the platte

in view, n gpeolcl bube, the

‘E‘ mﬁ? 1”@ £ "

opereting cherge recterictica:

Flileoens voltaze 2.8 wolls
Plete volinge Sl volts
ontrel orhké volluse w8 yolie

Spmeg shurge grid volisze £.8 volis

wF

Unbuel eonductarce
supiifivetion

Sy

B o Egm P
Fiate reglstance

Grid gurrent . i&“lﬁ 35t t s g
Tt b a“"z*lg vhns

53
nrEent Sensiblelt armd®
Carrent Ssasitivicy i mperes

- ¥olsage Lensibividy Dol x &J“& ?ﬁi%ﬁ




Iee cu BridggeldZ) developed three types of oire

cuits saploying this speeisl FiGé tubae:

1. Simple single tube elreult. Carrents as

smull &8 10714 ampores were measured using this setmup.

hp suxilisry battery end = rheostet were employed to

balance oul the pluie surreut. The voltege sensitivity

obtained was elightly grester then § x 107% yolis. scocure

ste measuresents of mmﬁw of the oprder iﬁ“lﬂ;f% snperas,
the seme megoitude o8 esn be asssured by say standard
aiwﬁmm%m ware obbeined.

Be &4 tuwo tubs bridze slrveuit ‘sizller to those

‘of Wold, Wynne¥illieme, end Zglin. Orester atability

was rendered with this elreult thes with the simple slire
eult. The volisze sensitivity was found %o be B8 % 106
¥olis and, using sa inut resistence of 1049 ohag, the
mzﬁwwiiﬁy to currents wes found to be ¢ x 10716 S8,
nof of § x 1018 ampe ﬁ@?%m;@'"

eusured by this elreuit. The

Carrents in the nelzhbord
tected, but not accurstely -

mexicus sensitivity wes found to be flve times grasber

than thet of the tess Gomphon eleetromster snl twentye

 five times grester then Shat of the ordianry sleotrow

meturs Grost preceutions must be teken in the metber

of shielding such & elrouis; the eontalner employed

{3"3} ;’?ﬁzf sigal z%&ﬁgifﬁ?* f;%?z&n l&ﬁ%’i, 1%3}-&%@ i\c Zﬁg, & . 588,




- 53 =

aast be zlacst alretighl, the cosneebions amst be good,

the gonditinn of the storase bebtterles samployed sust be
EF

rond, bhe tubes must be kept Gry bo prevent imsulsiion

loskss Du Bridze oven went so for us to enclose the

gonkrol grid leads in guertz tubes pelnted on the oute

side with "aguisg® to eliminste affects due to residusl

fosisation of the sir.

Be A Euom

stegs eiroult employlag FPo4 tubes and

Uxlizs tubes (Plgure 12}. The first stege consiste of &

bridze cireull simller Yo /2 exespt thet the "dusuy” tubs

in #2 1= repleeced by & verisble resistence 83 The cir=

euit moy be bulamced by mdjusting ry end Py 80 ss to be

indopendent of battery finctuntlions., 4 bridze eiresit

Tmay also be uesd in thes

eonnd vage bub thers is less

drsin on batteries with the elaple compensating clrealt

showna. The neaminge of the virious syzbols emsloyed in

disgram 12 ure as follows:

21, Bz = fixed resistence 10,000 ohme

E

14

"

|

{bridge
aras )

vuriable resistence 20,000 ohus

490 ohs posonblomebers

rheostet 20 ohas

rheostat 6 ohms

fine sdjustewent rhecstat 1,000 ohas

in gomvenssting sirenit.

alerosw




Fith thls eirenlt, curreats of 10714 smperes were Bfipe
1ified to such & wvslue thet they eould be res. on &
alerosineter, 4 sseond stoge of annliflestion sould
of course te wsed with @iﬁa@? {1} or (2) sbove. Crester
sisolicity &nt gonvenience ls atiained by asin: in the
figxﬁ stage = bulanced eirvenit in wileh the “Gumay® tube
is repluced by a veriable &aﬁiaﬁaﬁﬁ&, in slsce af the
gﬁi?&&&&@ﬁﬁry the &&ﬁ%ﬁ% %tag@ of &%?iii%ﬁ&%iﬁﬁ iz pube
| atbitatud, |

' In the Tirst stege the ohies regulremunt is 8
nigh aric raslstence, & fachoy not st 21l necessscy &a
the %&ﬁ#ﬁﬁ sieze vhurs the %%ﬁ%ﬂy%@ﬁt ol & tﬁ%ﬁ of high
mubusl confuotance ig %a@ﬁ?ﬁ%i?ﬁ*

If & voltege e 18 apoplied to the zpid o7 the

%ﬁﬁﬁ‘%&i than the chenge in vwoltsge of the grid of the
tube Tg, will be ke where Xk slunds for the axprosgion
{28}

voltege smplificstion fector of
Tubs g?fi s

R, = exburnel resistunce i1 the eireult,

Py s istornel lmvedence of tobe Tre
The ehange 1 plote surrest of the sseond tube
will then be AL, ® Bggeke whera Gy, is the mgt&ai




wwhanee of the ssecnd tube. This ghense im plote

cond:
eurrent will be resd on the aleronsmcter. How, the
voltuge eaplificstion oblelined by the TPH4 in the ¢ile
eult shown is sobuelly lese than i, so thet if snother
FPo4 were used in the sesond stsge, the overall sensi-
tivity would be less then for & cingle tube. IHowever,
a8 & bubs of lerge sutusl conductunce (UX112L) wes used
in the second stese, an ilnereesse in sensitivity wes
obteined,

The oversll seasitlvity otteined im the shove

eirculd wes spprozizstely 375 figrovmpores. Uslng aa
input resistsnce of 1011 ohms, sa ggiga% eurrent of 1
slerosajere seg obbained for sn larud ourrent of 2,7 =
1074 anpores. This wos & %&r?%ﬁ$v%ﬁgiifi@ﬁ&iﬁﬁwﬁf,
.75 x 107, R

The sdvenioges srfforded by suehk & clreult ave

8@, portability, snd secnomy (an lnexzpensive

aiercammater serving 2 an indlesting instrasent).

The preesubions to be takss in the or
of gueh an &ﬁgiifi%?‘ﬁﬁﬁ grbrenc shislding, the enployw
meat of an aloost selr-tight conteiner belns neeesssry;
and the smplifier amst e opersbsd froam Hhivly alnutes
to Wwo hours Lefope resdlogs awy be &@ﬁﬁﬂﬁ%@ly\fﬁéﬁfﬁﬁﬁ

8o thet femporsture equilibrium snd & stesdy state of




MW L x Er
—n X ) il
. <
> o .
| < f =/
. i J X\ ———— |
= , ] .
x : | L .
e AV I 3
~ . ~
- w. L W
o\ Q@ t o
D QD
T i O
) ~
L L

UxXzz2

BN



stubic chergen on the weils of the bubes, ¢60., 20y %ﬁ
attalined. A

Pe e Bnclonsld ané J. Ta %ﬁﬁg&%?@&ﬁigz} heve
ragentiy deseribed & twoesiage elreult employlaz en

oréinery relio valve, type UXB2B, in the flrat stege o
. plsoe of the speeiel FUB4 pliotron used by Du Bridge.

Flgure 13 shows the elrveult employed by Hacdoneld and
Yaotusreon. Horey €, €' snd OF ers the grid biss bste
- teries; 7 s the high lapeb resielor; Se @ﬂﬁ.%fﬁ L8
the filement betlorlesy H, the plabs currant ﬁ&%;?‘ga

=y

sisrosancber or even & wolimeteri; s &, g

; and Bp
$he E, sereen grid snd ?iﬁ%é batteries respoctivelye
The phenomenon upon which these suthors based
whet they belleved $o be =z paw eslronii ses thet the
airection of flow of the grid eurrent slicrsd st &
dafinite wveluse of the grid poteniisl,Figure 14 shows
graphicslily the grid current of & UXL1ZA Gemersl Elecw
tric tube &8 & fangbion of the grid sotsubiel. It is
seen thet et 8 potentisl of the grid ef -U.38 woils,
reiative to the negative slde of the filument, the grid
: éﬁﬁfﬁﬁ% is zaros 7ith more positive weluss, the elegw
tron flow iz from the filsamunt to the grid, while with
groster pegutive polentisle the dlveetion of flow is

prayarsed, This shenomeson is Gue to s flow of positive

(3L) Philosophical Magazine, Jan.l933.
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ions o the grié and the rvepnlsion by 14 of the negew
tive sloolrons,

Suppose mow thet & eivenlt be sst ap &8 in
Pigure 18{e}, whoere AB represents the filsaent sad grid
of the sbove tube end CD the slate snd filsment of &
seoond tube whioh will wllow elegbrens to flow from D
@@‘Q but not fn the reverse Gireclion, If the potehe
tial of B is grecter thes «0D.85 volts the direction of
surrent flow will te bhet of Figure 15(b), since the
cleetrons flow from the filasent 4 to the grid B and

%ﬁ%ﬁﬁﬁ%ﬁ? the seximm resists

c8 beteeen tha plate €
86 the Tilemant D. lowever, if B is siven & potentisl
less then «0,33 volis, e eurrent i&vfﬁﬁﬁfﬁﬁﬁ in 4iret-
$ion, the positive lone ZTlowisy %o the grid belag eguls
valsnt o & flow of slecbrons from ths grid B So the
Tilawwnat A« The resistence of 0 $o elsebr os soving
in $his direetion im Pelacively low, while that of BA
is inereasel, Thus in Pigars 16{b} the nsjor dver in
g@ﬁ%ﬁ%éai of the bettery E iz sorpes I, while in Pige
ﬁwé 15{e) 1t is prooticslly all ilapressed bobween the
grid =ué filexent of the firvst tubse The msoner i
wvhich & sapll potantlsl gﬁ@ﬁg@~%$jﬁ-ﬁﬁ§ sonbrel the
lrgation of the soturtisl drop due o T in such & ¢ire

guit ses iavesbtigeted by Yecdonnld sné leephorson with




the result thut & sbeble saplifier of nish volbsge
ﬁaﬁgiéivi%y wns oblslned.

' Tuelr results indleste o pensliivity %o volbe
8ge of 3 x 10™ yolts wnich with the larut resictence
gaployed nesely, gﬁx 10¥ &&@&i venders & sensiiivily to
- gurrent of iﬁﬁ,xvﬁ§*i§ BROLTeD for the systen. The ine
sirasant ié extrenely ﬁ%@??@-ﬁ% %ﬁiﬁ'ﬁﬁﬁéiziﬁiﬁy heving

& Grift of only 34 mow. in five hours, after sguilibrien

hes first been sstublished. The oversll saplifiestion
is with t1is seb usn %&3, ent o5 ordimery wolbmeter mey
be used ss the plete carrent mebur, thus siving & rugged
inak

%ﬂ$& §ﬁ&% mey be resfily transporisd. o @ﬁ?ﬁ§ﬁ 
ﬁﬁiﬁ# ﬁhﬁ&iﬁiﬂg ig negseswery, excesk of course with the
grid systes, wiich is resclly obtelned by plecing the
two bubes in & growded meisl boxe The instrusent is
senpitive o sunilight, probably dus to the liberstion
of photoclecbrons fron bhs grid sysbes, ant cere sust

be teken to see that no light falls on the tubss.

Followlnmy tide P 4. Heclonwle eod T. 7. f@@aéggﬁi
investigeted s simple eireult uslsz low plete nobendlols
in sontrast o bhe genursl molfe of resesreh uwiopied by

invseblputors in direet currents up $o this tims who

gaployed the operabting ensstants regosmended for

{82) Physies. ¥ole 4, 0.8, Moy, 1933.



altermeiing current work by the senulmoburers of the
valves. 4in this fleld, since the relsiive mesnitudes
of the pleate end ennlified currents ere of ao marilie
gular ismpordance, one would use a8 lorge opureting

sible in order to cblsln the sexinum

patenbials 8s pos
W@?ﬁ%ﬁ
The sensitlvity o vollege messured in wolis

par %ﬁ ale daflection, of & dirsed current btheraione
le smplifier (simple elreult] wes taken ss inversely
proporilonel to the subusl conducianve dlvided by the
plete gurrent of the volive saploveds The mutesl T
dnckaace ’fﬁ%ﬁ foand o deeccase less repitly then the
piate current, &8 the filement gl plate soitonbisls
*@*&m iowerad, the wosi &%&ﬁﬁjiﬁﬂtz*ﬁ*ﬁ operiiling valus of
228 bube wes found to be

1.5 volis gmiﬁﬁg & volbsge sensltivity of 8 » 10™%

the plese otentisl of & U

m@%ﬁ in the simple circuls with so plaie surrent com.
pensation.

The sensitiviiy to current is zgiven by

o (26}

whire Eiig is the grid filaseat resivtonce zad R is the

maguitude »f the lnpud resistor.
it iz soperent Tros this expression thel the
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sgnsitivity to current will imeresse direetly with R

srovided this quentity is suell relative to 33‘ Horge
over under this condlition it is indersondent of the nmign
of R, thet 18, i does not mstber whether en sleetrom

£
or sositive lom grid eurrent is

enployed. The wpper
iialt to the velue of X thet @y ve used iz, &t present,
pleced by the asgnibude of tho Teslstosces svallables
These mey Do oblalned ﬁﬁﬂﬁ%&ﬁi&&ig;ﬁm%iﬁg values a8
groat &g 10id ohms, oo thet in order o obbuin the mexle

mom ¢ffeet e zridefilusent resisteace of the Sube
ghould ot be such lass ﬁ%&ﬁ~i§§$ ol
plete poteanilials %o ine

greupe bhe gridefiloamoent pesistoses wes not

&

Loworing fllesent sad

sw heving
besn esrried oub with sigrel success by Hetealf end
Qﬁmﬁgﬁﬁﬁfﬁg} In produeior & voeouus tube solieble for
wae as on eleckromstor, These lovestizetors esploying
low nobentlels ond slded with & positive spcce cherge
grid seoured grid filsment resistusces se high se 1036
ohat, with & speainlly comstruntod Suboa

Gencrel ewporisase with snnlifiere lesds ong
to ennelufie that betber resulis sre obiuined by usisy
g8 low an inpub resistance a8 soseibles  For dhis
renson, Hacloncld cod Tweed elwse to set the opurating

gonstanks of the velye 1o zive mimun voliese sengle
el 5

(33) Physical Review, 36, 1489 (1930).
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tividy snld atilize the oxzisting aridefilament rosliste

snes, rothor than sbtenpt to lLeprove this éﬁﬁﬁgitg at
- the expense of iy volbage sensliivitye |

The sbove mentioned euthors slsc exenined the
menger in which the sereen grid effscted $he grid ourw

'r&ﬁﬁ gurves This carve wes found %o be noved bowyrd the

origin as the sorees pobonitlal wee intressed, poby howe |

avar, to bhe sase sxbent that the plebte eurrent ﬁﬁ?@&.
wan aoved aweye. The coove we fiodings ghowed the velue
of enploying & scrsen zrid. Sisos prld currenis 4w
grgase with lnevssyling negstive bles, the lerser the
sorean grid poseatial Liw grester the grid-filesent roe
aistunoe, an apper iLialt belug sleced by ithe tendency
af the reglon of ilaser sutusl copductsnes to dissppesny
with higher seresn volbszon,.

By sulteblo wse of the seresn arid, & gride

-‘fiiaﬁﬁﬁ% reatstance of 10%4 ohms e
ing & ourront sensitivity of 8 x z&*iﬁ &
iaput resistor of 10} oums.

Hecdonulé end Tused concluded rom their work

s obteined thue give

varas with an

Ei

that ordipery Tudis valves are gulis suilsfaclory for
muny Bypes of direed surrent saplificstion, provided
saltuble op.xeting constenbs o0¢ useds. The following

tabie zives the oparsilng veiuss recosaenied by these




- 62 -

suthorse f@r high semsiilvity éireets currest smplificrs,
| Lonstonts

Filement potentisl 125 wolts
Plute pobenbial : 1.50 wolts
Salvenoneter sensitivity Ze8 X m"““w‘
Voltuge sensitivity A 5 x 1078 &

Plete carvent - D407 x 10%6 smp,

Hubeel conducisnos ¢ M x‘iﬁ“a;&%,

-

Servean Grid Gridefiismont - Hoximum Inpuk
Potunbisl ’ Resistonse Asslstor

| 12.0 wolis i x lﬁzﬁ ehms{ positive Lon} 191% shas

18,0 wolis & =x 1049 ﬁﬁﬁ%{?ﬁﬁ%ﬁi@% ion) & x 10 iohas
8.0 wolts 1.2 % 10%% ohas(sloctron) 104 onms
6.0 volis %48 x 10%8 chum(eleotron) 101 onms

“he sdvenbuze of ihe use of the sisple eireuld
as hore smployed,over balaneed cireuits s its simplici~
%y, freafom from arift and irreszu

leritics of belence.

. The instrusent hoo beun ascd for over six smoudhe for fhe

dsily sessurenent of redon seeds in the lzdlum Leborstory

of the baltobe Copvsr Relief and Ruscareh Institute, i
estebliched ia the Deparbuent of Phaysies, University of

HBenlbo e

PThus fur in thls commumlestion an abbemst hes



been zede to show bhe ziw@iagwﬁg thet leed up $o the
mﬁmém%ﬁé of the therelonic valve ¢nd its subseguent
appilcalion to the measuressal of &lrest curvenis. is
obvlously « complete diseussion of the theoretissl and
sathenailonl deovelopscnis mﬁiﬁ ot be preseated, &if.
Flenity wun ﬁm@wﬁ% ia the dlserisinetion of the
sbuntent asterial eveiluble, lowuver, the suthor trusts

thut encugh hes boen sald £o eeke the cubjuct under cone
slderetion in the following chepter werstantebls to

any rasuely ilrrespoctlive of his srevious BGouslr
with the sublootka |
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CiAZTTR 1
L et ek e

LEZ SRIOULUERTAL DLVEL oA DIRECT @”{T UIAT THEMMIONIC

v

AECLITIER ZAVING A HIG i T *‘f.?w OO RMICTARCE

Impreasisg & votentiel 4ifferenes between Lhe
eonibrol grid sad filement of o bhernionle tube cousss a
change in the slate surrest of the tube. The slgebraie
gxpression Yor the sensitivity So voltage is
OuSy (27)
where 5, w voltege seasitivity ,

e zelve

ok 8 = the mulusl sonduetsnce of the tube; that

o
"

pometer sensliiviiy, -

., the %1@;}%% of the surve releding the grid potentisl
Zz Bo tho plete ewrrent Ez}a

it hes been xzﬁwﬁgg‘”@; thet eonsitderable laevesse
in &W&tmiﬁg ey be oblelined:

’ {1} By introdueing isto the sim;gi% elreult an
@m Wim h«aﬁ%w in sueh B mennier thet %;% mmw & U
rant throogh thoe slate eurrent mw%%r mgtml to the plete
garrent bui in %z@ opposite %i?%%i@ﬁ; ar:

{2] 3y m&gmmﬁm of the plate currest Trom &
second voouuam tube for @%s;% surrent Gue to the auxilisry
battarys Thess two mebhots of nelancing out the plate
purrent enuble -ﬁg,‘ the seasitlvity of the welsr employed

{34} Chepter ig B g 39




to acasure the ?iﬁ%ﬁ vurrent, to be lneressed, the ousie
tity Uy Bhe autusl conuctence, hovever, ressining oone
stark,

48 mey be seen from the lutter section of Chepe
ter I, many experimenters wiith thermionle tubes heve cme
pioyel the sbove-seabtloned ﬁ%%ﬁﬁﬁ% of ieeressing the
wobor sensitivity or acdiriestions of them to ebisisn
pighly sensiiive direch eurrent swplifiestion clreuits

ugslng ordinary Sype redle valves sE weil 68 vRlves Spece
L 4 :

islly esos %Pﬁﬁ% """ . for direct enrrent saplificstiion pure
PoBES. ,
P bw Hocdoneld snd 4. T« Soephe E&@ﬁ{ 5 huve
sbteoked the problem of ilngressiss m& sensitivity to
Cwoilege from e diffurenst Mwﬁiﬁ iz thelr duseristion af
& bwpeoboge ﬁi?@&a@ in whish ithe meter zeneitivilty 5
hee &@ﬁw kept conclenh and the nutusl gonduelance §

10 ronosta “

.%hé gﬁ&%&%&'ﬁﬁﬁ@yﬁﬁkaﬂ by the %ﬁ%ﬁﬂ? o be
prosonted in this cosmanliestion %@ﬁﬂiﬁam of & Getuliled
exeninstion of this ﬁyg@‘ﬁf.&mgié.iﬁaﬁiaﬁ civeult and
ﬂﬁwﬁﬁﬁﬁﬁgi to show how the y@%ﬁﬂ*& @uaﬁiii%ﬁ%§'%ﬁ§ -

reeolly conteolled.

(25} Phil. Hege Jemuary, 1933
{Chepber Iy puge BEY
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The Tiret eireult erxesined gomiained & URED
gnt tube with the 2rid conpected through m

throoealon
RCASDE fouveslemsnt sereen grid bubs in the menmer of
Figure 16e ‘*"%@ 2014 tube will be roforred to herelmfier
ss the Ypls w or output bube,” the 237 belng %i%ii%aﬁ the
®ppit or i&w* fube,"

in exmuinetbios of the roles played ip ’iﬁ?‘i‘%ﬁ BOSTEw
$ion of the elreuit by the verlous potertisls esbolled in

the slrenit wes Tirst underiokine

{13 Yeriation of ihe Job enbind dnpiisd o bhe Contzol
Grid of the Inoub tube

It wes found $het the plate current of the oute
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“hege graphe render résulis slaller %o %ﬁaﬁa @h&%&&@&
from the ﬁfﬁ?ﬁ@ﬁﬁ@iﬁﬁﬁ@ civenlt, bhe %@ﬁ@i@i%i&? o wili=
age of the unit being independent of the I potentlsl and
seresn g&&&,ga%ﬁﬁﬁiﬁz employed, the ﬂﬁﬁ?@&vﬁﬁifﬁiag o

regions of grsster megeilve grid biss of the eonb
zrid of the iﬁ#@& tube for iscresaing vﬁiaéa'af‘ﬁka»ﬁ and
soreun zrid pobenticls.

Thus we see thel these gr&g@g®inﬁ o %ﬁm v

gireuids are iﬁﬁﬁﬁigﬁl& It sas dpomed *fﬁﬁﬁ&@ﬁ@@? to

repeat the preceding opursbions o %@@»fﬁiﬁ@ the f@%&iﬁw
ing propuerfies of ihe elrzeuld, 1% belng %ﬁﬁﬁiﬁﬁﬁﬁ from
the similerity of opuretlon shown cbove thet the twe
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sircuits hove similsr properbies,

The vologe sensitiviby, howevur, is found o
be inereéssed with this sodified cireuil, being 6.94 x
10-% yolts when the inpubt tubs is used s & triode,

T
8nd Le00 x 10-9 yolts when it le used as ¢ foureelement
” e

tgév,

3

b onow Tenains to sce whed %Q&i%iﬁﬁﬁl PRODE -
ties this moGifled cireull sossesses due bt~ the presence
of the nosltively charged space charge zrid tube in the
subput stase,.

{2} Yarisi ion of the Pesitlve Potentianl Anplied %o bhe

Sharze Orid in u%t Vubput Tube
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Teble XI zives the dete showing the relsilon

between the grid¢ sotentisl of the control srid of the

[e %
inpub tube cnd the pleate currvent of the out-ui tube for

verious positive polenticls applied fo the spece charge -

L

zrid of the oubput Hubes.
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Eigﬁm 28 shows nis dsba when glﬁ‘%iéﬁﬁ@ It s
- meea thet the mumbusl somfuctonce of the unlt lnoresses
wish inmersssing sositive spuce ohirge grid potendlsl, ine
ﬁ%@ﬁﬁzﬁg fron 200 mlcerecmocres &f 22,85 volis spsee cherge

VoLt
grié potentlial to 30,000 @iﬁﬁﬁw&-%?&&,&% 458 volis.
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The data showlng the relation betwsen the mutual
gonduotence of the uuls and sha gﬁ apbkiel spslisd 4o the
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space churge grid of the outpub tube iz give in Toble

XXX end Pigure 29 shows the eurve obtained Trom this dsba.
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4 simple cneetube cireult {FPilzure 30} was ome

EEEEEEE @gﬁ

% % 4485 4w owaon

netion of the Orid Currest of ihe Cutput Tube

ployed to debepnine ths $rié pobenticlegrlé current and
grid sotenticlenlate @ﬁ%?ﬁﬁ%.%&ﬁ?&ﬁ%@?ﬁ%ﬁiﬁ&‘ﬁf the tabe
used in the oubput stugg of the sariificstion anit for

&
£

the verious poeitive sotentisls spplicd to the s ce
sherge grid of this out ut tube ss in Zetle El, The dats
iz ziven in ?&%i@~§f?§.&ﬁﬁ the surves obtslned from this

dete arg shown ia Flzures 31 to 41
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of the grid eurrent of the out ut tube se eoncluded by

Hsedonsld ané ihepherson. The resulis obiained sbove
indélente rather that the smplifiection le dependent in
gose nennor apon the positlive lon grid gurrent ol the

aubout tube, as it sy be scen thet the zrid survent of

this tube ecneists euilirely of & positive fon cuwrrent
when the eanlificebtion of the uplt takes plege,

Ihig is shown bo be the case by dctermiging

%h@ grid potecblials lmpressed on the aﬁﬁﬁﬁwz aria of
the oubpui tube (ip this Lnsismnce, the soreen grid) ed
which the high @&giifiﬁaaiaﬁ of she unit is %%@ag&éﬁﬁ&%;
These grid soteniisls mey be Gebermingd by en exwalnge
tion of gﬁié ﬁﬁaaﬁ%iﬁxngﬁaﬁs’émgrﬁﬁ@ eneragterissies of
the esplifying ualt {Pigure 28] in conjunmction with the
grid potential-plate surrent %h&w;aﬁawiﬁ%iﬁﬁ of the oulbe

put tube {(Pigures 81 to 41) £@?~zgﬁ eorresponiing spaee
eherge grid pobentisle. Heving thue determined the
- welues of these g?i& §§%ﬁﬁ%i&§ﬁg “he ﬁﬁ%?ﬁ#i%iﬁﬁ of the
grigé eurrent of the cubpub tuve =i these potentials oay :
be roadlly avserbeined fros the goid potentlalegrid oure
rent chorucherisiios of the oubut tubs {Fizures 31 o 4l).
The next step underisken wes o deleralsas the
smoner in wiieh this positive ilon grid currest coutrols

the ampliticetion eneounbured in ithe opersilos of fhe



twoestoze cireuit,. ¥ith this in view, the sensibive
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shown Lo Tigure 48. The date, given in Teble XIVshoge

iag the relatlion bebwesn Lhe grid potestisl of the imput
tube and %«m 2rid garrent of ibe mﬁm@ tube wus obseree
84 slaultengously with s {nba, £180 given In Tebls 1LV,
gxpressling Lhe rmelsilon existing w@mm She grié polene

Lial of the Lnpud tube snd the plube curvesdt of the oube

pat fube for vorious positivs sobsntisls fepressed on

the apoee cherge geld of the ouiyed tubes
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