
-
E GENERAL 
r ELECTRIC 

e 
~ 

GLO~~:~P 
MA RATINGS CIRCUITS -

~~ 



GENERAL ELECTRIC 

GLOW LAMP 

MANUAL 

Second Edition 
(Second Printing) ') (f 

1
,..,.(,-t IV"'' 

"?"> t' 

Co ntribu tors 

C. R. Oou51herty 
T. E. Foulke 

J. D. Homden 
T. L. Hewi tt 
F. N. Peten 
lt. D. Smlth 
J. W, Tullle 

Edi ted lly 

w••-La-.o.-­
,.~, r-...,...c~ ,.,,k••l• 

G-tf. ..... lcc-, 
" .._.,..._ r. •• ca. ... ~u.ow. 



The circuit diagrams Included In thil manual are Included for 
Illustration of typical glow lamp applications and arc notintcndod 
1.1 conatructual Information. Although rea!Onabie care ha.11 been 
taken In their preparation to Insure their technical correctncu, 
no «:lponalbll!ty is usumed by the Genera.! Electric Company for 
any conlltqucncel or their ue:111. 

The glow lamp devices and arrangements disclosed herein may be 
covered by Patcnta of General ElectrlcCompanyorothera. Nllllbcr 
the dlacloaure o! any information herein nor the aale or glow lamp 
devlcea by General Electric Company conveya any license under 
patent claim a covering combinations of glow la mpdevlcea with other 
devices or elements. Jntheabsenceofanexpres11 written agreement 
to the contrary, General Electric Company as!umca no liability 
for plllcnt infringement arising out of any use or the glow lamp 
devlcel with other devhlCI or elements by any purcha1er of lit lOW 
lamp devices or by others. 
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PHYSICS AND CHARACTERISTICS 
OF GLOW LAMPS 

The noon glow lamp, which Ia alao commonly referred to as a glow tube or 
neon bulb, Ia a cold-cathode, gu-dlacharge device. AI well u hAving exten1lve 
uee u a vlaual Indicator, tbo neon bulb has characterlatlea which enable It to 
opente u a very veraattle and tnexpeMive clreult component. Tbla booklet Ia 
devoted to tbcae eharacterl1tlea and uaoelated clreultry. 

THEORY OF GASEOUS CONDUCTION IN THE NEON GLOW LAMP 
The glow tube conall~ bulcally or two metallic elcmenta SPiced 1 shoM 

dll tanCfl apart and lmmeued In neon ga.e at a modcr11tely low pre11ure. The 
eleet rlcal conduction betwt!fln theae two elements Ia a very complicated phenom­
enon Involving neutral aloma, ext:lted atoms, po.lllvo lona, And elect rona. In 
addition, the conduction mechtulhlm In the neon bulb varlea th r OUj!;hout the 
operatlnc voltage -eu.rrent range. A typical oeon bulb cbaracterlatlc Ia ahown 
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Fig. 1.1. Chorocteriuic (UfVe of the N.on lomp \"< .,...-

Eleclrleal conduction In the lamp rcqu\rea the lonl r.atlon of the neon gaa, 
which eOflallla of !be aeJ)I,rallon of an electron from a n atom r esulting In a 
poeltlve ly ch11rged loa and a free electron. In order to break an electron away 
from an atom, enei'IY mu.t be au,pplled to it. Tbla energy may be auppllt!d by 
colllalon.a between J)I.Mielea auch u electron• orexclteda tom1: a proeeaa which 
re(lulrea the ~lleauon or an electric field. Ionization may a lso be pr~ed 
directly by external tonltlnl aourcea s uch aa ultraviolet rays, x-ra,ya, and 
coemle raya, A third proc:IUC!er of tonintlon m.,- be ndloacttve .adltlves withi n 
t he lamp. 
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PHYSICS AND CHARACTERISTICS OF GLOW lAMPS 

The ga.s within the neon bulb ts aiWIIJ'I In a state of partial Ionization due to 
onu or more of the tonblng sources jwt mentioned. AI an lncreaa\ng voltage 
11 appl!ed to the neon bulb there 11 a amall Increasing current flow due to the 
drift of electrQns and ton& which are made available by the action of the1e 
lonhlng sources. The 11.pplled voltage produces an electric rleld which dnw111 
the positive Ions to the cathode and the electrons to the anode. This current Is 
IDCI!cated by ooe of the reglon1 AD In Fi4"Ure 1.1. A largll portion or Lhte current 
can be photoelectrons If the hunp Ia operating In r.mbfe.nt light. 

Aa the voltage Ia Increased. a poln1...U....iJ reached where all the available 
Ions and electrons a.re being pulled from the glliJ IUid a furthm lncrcue In 
voltngc reeults In no further Increase In current. Thla constant-current region 
Is repreeented by Lhe curve~. 

A further Increase In the voltage across the lamp pall the value represented 
by ~results In a -rapid tncroue In current to the point 0 or D'. This dis­
charge 11:1 called a non-aeU-malntained or a Townsend discharge. This Increas­
Ing current 111 brDUght about through a phenomenon termed electron avalanche 
In which a moving electron (a ao ~ailed primary electron) upon colliding wllb an 
atom may liberate another elll<:tron from the atom thus rceu.ltlll3' In a J)OIIiUve 
!on and two electi"'n&. These two electrons arc now ac<:elcrated by the electric 
field and In turnmayproducetwomorecolllslons. Thus there 11 an accumulating 
den1ity of charge carrlen available. and 11111 they are attracted to the electrode111 
the current increase. If the external excitation which Ia p-roducing the primary 
electrons should be removed the current will celll!leto now. hence this dlacha.rge 
11 termed non-self-maintained. The chnracterlatlc curve from A to 0 Ia 
depeuchmt upon thl1 external excitation. 

\\'hen the voltage across the h1.mp Ia Increased to a value rcpreaented by 

:i~~:k3!!n1~r1~~r:::~o·;t~:~~~;r~: ~l~~~c~c!~:";o !~:,!: ft~1t~~ 
mainly by the res\stnnce In the external clrcu.lt. If. after breakdown oecur1, the 
external Ionizing excitation sou-rce Ia removed, current will continue to now 
and for this reason Ibis type or discharge Is referred to as a sclf-mfllntalncd 
dlschnrse. --- -

intern::,~~~!P:~,:;'~ b,~:a=~re=%11 a~ ~~~n:o~e~::;t :;:t~:s~ ~~~ 
parametera separately. This relationship between electrode spacing and ga& 
preesure Is known 11.8 Paschen's law. The breakdown voltage 11 also dependent 
upon the electrode material and the compo11itlon of the gas, 

Arter breakdown occura the lamp paasea through 1 transition region EF 
which Ia an UlUitable region of opoutton. "The llhadcd portion Indicates the reston 
In which oscillation can occur. This region Ia often referred to as the negative 
re~istance region, since voltage decrea1es as curre nt Increase, cont-rary tq 
normal behavior In a resis tive clement. In extremely high illumination the 
negative resistance region may be missing, as s hown on the third curve, A to 0'. 

As current through the lamp Is allowed to lncreue further, the lamp enters 

~:c~or:oftJ~O:h:~~~~~e ~~~:u:e~~e::ttO:,::;' a·~~~:e ~~ ~:r~~:~e ih! 
oper ating voltage across the lamp at any point on the characteristic curve Is 
termed Its maintaining voltage and, of courae, will vary with current. In the 
normal glow region the 1"-"lp maintaining voltage r eaches Its minimum value. 
(See 11ectlon on Equivalent Clrculta and General Formulae.) In the normal glow 
region the glow Ia confined to a portion or the catbOOe s urface and the amount or 
cathode s urface covered bythcglowtssomewhatproportlonal to the tube current. 
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If the lamp current 11 Increased beyond the normal glow region (point G) 

~~. 1~c~nt~~~r~~~ ~~:~%J~~~~~~~t~~~~~~~~ ~~e~~~:::':r~s 1~: 11~~: 
lncreaa~• slowly. Most g low dlschargedevlce!l are operated In the lower portion 
ofthla reglon. 

Aa tho current Ia lncrca.scd In the abnorma l glow reg1on 1 value Is reached 
where a audden tranlltion occurs ard the voltage drops abruptly to a voltage 
repruented by point J which 11 considerably lower than the normal glow matn­
llllnlng vohage for the lamp. Some l11.mp types wlll follow the dotted curve from 
G to J'. At J or J' the current density baa Increased to a level such that the 
current concentrates ltae.Jr In a s ma ll apot on the cathode and the discharge 
becomes an arc. Thia 111 characterh:ed by a bluish dlachargc within the lamp. 
Operation In the arc region wJII aoon dutroy the noon bulb. 

Y.'hen the current through a neon bulb ill decreased In tho glow dlachargc 
reglon (usually by dccreulng the voltage applied to the bulb In aerlea with 1 

realatan«!) a value ia reached where the g low diaappea r.s and there Ia an abrupt 
decrea.sc.. In bulb current to a very low value round In region BD. The voltage, 
measured acroas the bulb, a t which this occurs 11 defined as the~ 

~n a~eia ~~:m":nt ~':;~t~~~~~~~:~ft~~~~:et~:sn;;~a~~~~~b;e;o~ :;:= 
breakdown voltage and It approaches breakdown voltqo as realatance Is In­
creased. The value of the minimum extlngulehtng voltage , obtained by 1 low 
external resistance, Is normally not much dlf!erent than the mlnlmum malnta.i.a­
lng voltage In the norma l glow region. (Sec section on Equivalent Clrculla ard 
General t'ormulae.) 

GLOW LAMP CHARACTERISnCS 

Generol 

Gencnl Electric glow lampa for circuit component uac can be dcalgnecl for 
a wide r ange of voltages and currents, butcurrentiy available typcll are !:lpeclfied 
with Initial brcnkdown voltages ranging from 55 to 150 volta and with ma~.a­
taJnlng vol tages from about 50 to 80 volta. The deatgn curr-e nt r&ngt' for clrt"ult 
comJ)OIW.'nt g low lamps Is from .1 milliamp to 10 mllilamps for conlln!JCIQS 
operation. All ci rcuit componl!nt lampe contain two or three electrodes and are 
available In aeveral pbyalcal con!tguratlona. Neon lamps can be divided into hrro 
general categories- s tandard brlghtnea1 and high brightneu. When stable 
~!lectrlcal char sctcrle:tlcs are the primary design parameter, the standard 
brlghtneaa types are recommended. In tho11e appilcatlona whe re mllXimum light 
output Ia or primary lmporunce-auch aa llCtivatlon of light scnaitlvc devtcroa­
the hllth llrlghtne11 typea are often utlilr.ed. 

As In the case or all discharge lampe, glow lampe must be ballasted to • 
prevent Instantaneous burnout. BaJiasting Ia generally performed by a rcslllor 
In aeries with lhe lamp. The particula r value or re111$tor used, in combination 
wllb the appiled voltage and lrunp characteristics, determines the current 
through the lamp IUid thus Ita H.!e and light output. 

Detalll.od charaetc rlatles or available General Electric glow lamps are given 
In Chapter Six. 

ReJpon•• Time 

The apcOO or res ponse or glow lamps lnvolvea three different time Intervals. 
They ar o lonh:atlon time, delonlr.atlon lime , and tranamlealon lime. Depending 
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upon the application, any one or all three of these may be Important. 

For the purpoi!e of thl11 dlecuulon, the following definitions IU'e auwncd: 

A. lonh:atton time Ia the lime required for full oper ating wrrent :md 
light output to be obtained following the application of a s ignal In excella 
of breakdown voltage to a non-conducting lamp. 

8. Oelonlutlon lime Ia the time requtr OO for the lamp to ri'!Covcr lnltl&.l 
breakdown voltage conditions following a period of conduction. 

C. tranamtulon t ime Ia the time required for a change In oper ating current 
to appea r In the output follow! ng the a.pplicatlon of a signal to a lamp 
a lready In a conducting atate . 

EXCESS BREAKDOWN VOLTAGE 

Fig, 1.2. lnfluenu of Volh in Exceu of 8reokdown 
01"1 l0t1i:ing Time 

The lon!:t.atlon time Ia a function of the applied voltage In ex;ceaa of the 
atallc breakdown voltasc. St~~;tlc breakdown voltago Ia the voltage value at which 
a lamp firs t starts, In 5 to ~0 foot-candles or ambient light, after 24 hour. or 
more In the non.eonducllng s tate, No external starting aida, such aa c losely 
coupled electroetaUc fields aro present, and the applied voltage hu a 1low 
rate of rise In the order ofvoltaper aecond. Figure 1.2 ahows a typical Ionizing 
time curve for aglow lamp in light. For an applied step voltage a lightly In exoeaa 
of breakdown the Jo nlzln&: time may be of the order of 300 microaeconda, while 
If voltages of 60 to 70 volta In exceas atre appllt.od, lhla time m~ be reduced to 
leas than25mlcroaecond8. Jndarknelltheaetlmes are longer but can be rcduood 
through the \IBC of radioactive addlllvea. Jlowever, "dar~_.rffect" cannot be 
oomplctcly eliminated without the use of prohibitively high radlntlon Intensities: 
(See section on External Erfecta.) 

The deionh:lng time Is the time required Cor the complete recombination 
of the lona and olectrone In the J!ll:l. Complete dctoni7.Rllon Is evidenced by a 
return to the lamp'• static breakdown voltage from a lower voltag.llmmcdh'llcly 
following the ceuation of conduction. Thla may require as much a a 50 mill!· 
seconds. Jn normal applications the lamp 11 relonl~ed before complete delonlu­
tlon hu taken piRce, which extends lhe upper frequency to about 20 kllocyolea. 
Figu~ 1.3 ahow1 typical relonlutlon t lmca for a lamp M a function of the prior 
conduction current lllJd the lime interVII. I between the trailing edge of ono pulse 
and the leading edge of the next, 
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Fig. 1.3. Typicol Voriotion in R•ionlzotion TitM with Prior 
Conduction Current and &ding..i•hed lntwval 

The tnnsmi .. ton time of a amall change of voltage through a conductta,: 
neon lamp Ia a fiUlction uf the conduction c urrent, and Ia approximately 6 mlcro­
•ccond~ AI 11 curr~nl of 0.3 n•llll&mf>CI'ca Jn the :il\8. [I hK·I'c<Oae.ll with 1 t'\h.l('l.."d. 

current so that at 50 mlcroMmpcrea tlle tranamission time Ia about 20 mlcro­
.econcU. Forthla reuontheneon lamp alone canrtOt be dod for the tranamluioa 
of abort pulaea or steep wave fronta. However, wllh appropriate pr..-cautlona 
acalnat lnat.abillty, a h!Jh frequency bypa .. capacitor can often be added 10 
lmprovo response. 

Externol Effects 

Tbe atatlc breakdown voltage and consequently the \onlz.atlon time of giOtO 
lamps may be atrec1ed by ~xternal conditione. 

OA.RK El-"J.'ECT 

Since th.c cath<d.e aurface ma terial h1 phot<Ntenatlive, Ita em inion can be 
KTe• tly red~ by the ab$ence of tllumlnatlon. Glow Iampi!, In tota l darkn..'.u. 
become eruttc, and may require many volta In exceaa of atatlc valut!a tu alan 
them. Cooveuely. In enremely blgb Illumination levels, breakdown vohage . 
approachca minimum malntalnll\g voltage. One mean• for rreatly reducing this 
"d11rk eHect" Ia the uao of mild radioactive addltlvea, which 11 betn.r done for 
a lftrge number of General Electric glow Iampi . 

A me thod aometlme1 employed to eliminate the d.rk effect Ia to pia«' 
a 1wn:e of Illumination, auch u anQt.her ~elow lamp, within the enel~ure. Thla 
ahoold be lighted prlor to tM oporatloo or the circuit &low lampa. The apectral 
QUality ol !.he Incident light a lao Influence• dark effect, with the neftr ultraviolet 
wave length• bei!lK moat errtclent In reducing the effect. M11lntaln.ing voltqo 111 
not Mtleeably fllfected by operation In darkneaa. 
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ELECTROSTATIC t'IELOS 

Electrostatic field• noticeably affect glow lamp!!. For enmplc, U the 
voltage acrou thtl lamp Is hclcl below th~ etatlc breakdown voltage, the appear­
ance of an clectroeuuc field ln proldmtty to the lamp can cause It to 1tart. If 
the dArk encloeure Is a conductive ahleld, Ita polar-Ity In relation to the lamp 
c.thodl! will determine lbe direction lo which the breakdown volta,ge C'bangC8. 
If the ahle.ld Ia of the aamc polulty u the lamp anode the dark atartlng voltq:e 
wtll be Nlduced aomewhat. If at cathode polarity, the breakdown voltage will 
lncrcue. Thia .. me effect can be achlevll!d by mounll"l" a conductor In the 
Immediate vicinity of lbe lamp's electrodes and connectlrc It to tho anode or 

cath:e
18

~~;:,•':
11

:e:r:~:--::~o~:;: ',:: ~::a',~'::·ltlonB are ~ 
pi"On<NnCed when the lamp Ia In total darkneu. but have ncrligiblo effect when 
the lamp lTln normal, amblenrtrrumiMtlon, Electrottattc rtelda have no 
DOtlceable effect upon the malnWnlrc voltage. 

TEMPERATURE EFFECTS 

The flrlQ~ ¥Oitqe and maintaining volt.age or glow lam~ have a nept\ve 
temperature characteril!"IIC. This temperaturtl change Ia about 40-50 mllllvolla 

~=~~:",~:r::ilca~l~ ::~~~~~;O:'t:n!~~~;:';:n~:~~.d:~r~:";.~= J 
oedllator configuration described In Ch apter Two the frequency may either 
tacTeue or decrease Vflth lncreulnc tempenture dependlnt upon lhe p.rttcuJar 
operatlnc condltlonJI. For use u a voltage recuJator thla temperature ctlange 
re111dts In the regulating voltAge decreaailll' with lncreaalng- temperAture. 

The glow lampahould never be Idled lntemperatlll'l:!a exceeding soo•r and ll 
t. reccmmendl'd that wbe.n tho glow lamp Ia used aa a clreult component, opera­
tic- dould be limited to the temperature range o( -60" F to +16:;" F. 

RADIATION EFFECTS 

T•ata have been made on glow lamps In operation u sawtooth oacillators 
.-ler contiDUOua a:amma radial ion up to levels d 1.2 x JOI Roentgen per hour. 
SO appreciable or conalatent changes were obaerved in the frequency, II ring 
'#Oltago or extlngutahlng voltAge of the glow lampawhlch were teated. The reaulta 
f...- tbeae teats and from other npona Indicate that abort time operation of 
II- lamps Ia not appreciably alfec:ted by radiation even though the radiation 
_,. reach ratb<>r hlgb levels of lntenal!y. 

If KIOW lamps remain under radiation, the gh1s1 or !he la1nps will gradually 
t.esta to color, atartlnc from a light IJrown and l'rugre .. lvely darkenlna:. Pro­
~ radiation cauaea the glua to become brittle and tbe lamp may ultimately 
end.;. tbus destroying the lamp. 

MlSCELt.ANEOUS J 
Alter operation on direct current for some lime, 1low la.mpa will tend to 

lllllarlu and a •ulllttan.tlal dU!erence bctween breakdown voltages •Ill appear U 
.-larfty I• reversed. 

Glow lam!)~, nc a lao _.MIIive to the pre•cnce of hllh-loten•lty radlo-­
r:r...-cy rtclda, aln~ tbe ru will glow in aueh a field. 

U tbe lamp 18 •urroundod by a metal•hleld during conduction, tho capacitance 
~the electrodea and the ableldYotlllncreaaewllh lncreaaing lamp current. 
!lo 1oe01rate dat11 on thla phenomenon II now available. 
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If placed In atorace for prolonged periods of t ime some glow lamp11 eJtper­
leDCe a ri~M~ In Initial breakdown voltago. &Jbaequcnt breakdowns will be at or 
close to the original level. This phenomena Ia called " standing rtsc" and, 
when II occur•, can cause a change occulonalty above 5 volhl from those 
br cakdO\Oo-n valuce experienced prior to stor age. Hlkh quality lamps, auch 11.8 the 
l.iAG-A. receive apeclal treatme nt and testing In order that lamps experiencing 
appreciable standing rise CftD be eliminated. 

Equival• nt Circuits And G•n•rol Formula• 

When non-conducting, a glow lamp may be treated as a large realatanu 
(normally In the megohm range) abuntcd by a capacitance of about one micro­
microfArad. 

0· -0· 
When opcrall115, &be lamp aay II._.._.,_ • • ........ lll..JIL7" ~--

with a dynamic inten.l ~ _. ~ .... 'lltddl .......... 
by the shunt ca.pacitaaee _...__.....,. .._,._ L l'lii-~­
(R,)andlnducta.Dce(LJue....,_.. _ _...ar.._....--......-.~ 
through the lamp. TM D.C . ....._.,&..*-P-._ .. ,_._..~-.--. 
ofthecharactertsttcC"UrTealdt.~......._ ~...__, ..... .._ 
the counter E.ld.F_ fdresLpa!ed- v.•-_,_._.., ..... X,...... __ 
condltlona In Flpn:! l .!i. 

'-'""" •··- I ..-- I 

fog. 1.5. Average DC Choraetcntl oe Va lue~ for Glow Lamp 
Equivalent Circuit at Rated Current 

It can readily ~ accn tl\at the countllr E.M.F. must be subtrActed from tao 
supply voltage when making DC lamp c:urrent caJc:ulatlons. Thererorc: 

v. - v .. 
J • - ­R; + R. 

{l.l ) 
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where V, 11 the supply voltq:e, v. the counter E.M.F., Rtthe lntem.~l re•lataDCe 
ol tbe lamp and R. all external reelstance In Mrlea with the lamp. 

It 11 •Ito po .. tble to approxtmste malntalnlnr voltage (V.I through the use 
ol the formula: 

(1.2) 

In a llmllar manner, elrti"C''IIhl"C voltqe (V.J can be approximated u: 

v.- v. + .012 !R; (1.3) 

Roled life And Aging 

ln onJtlr to appreciate the p!lrameten Involved In eettl~ the rated !Ue of 
a clow lamp It '• neces•arytoconstdersepantely the two but<: glow lamp typee 
-sl.lndard brlgbtne11 and high brightneu. 

STANDARD BRIGHTNESS LAMPS 

Standard brl&htneu type., 1uch a.s the AlA and SAB. will continue to light 
for an Indefinite period If (iven proper care and operated Wider IUitable voltage 
aod current condltiO!\I. However, their u.8dulllte \agencnlly limited by slow 
bulb blackening with consequent Nlductlon In lamp brla;htnell, and by a gradual 
rise In breakdown and malntalnhw wolta.gca. t'or theae reaaona, thOM atancla.-d 
brightnen typea qed purely lor vla~al irdlct.ll011 are aald to reach end of rated 
life 11o·bert tbelr light output b.u decreued to 5011 of Ita Initi al vahM!. 

Obviously, II Ia tbe change In breakdown and maintaining voltagea which 
are ol primary lntere11t when the lamp 111 uaod 11 a circuit component, and I hi' 
rated life or lampa Intended for circuit component application Ia therefore 
bued upon this chance. The lampapecl!lcatloru In Chapter Sb: •how the averq:e 
voltq:e changes which can be expectod to occur after operation at dealp current 
ror 1 atated number or hourfl. Some glow lampa ar-e madtt to special tolera.ocea 
or rangca. One example Ia the breakdown volt1111 of tlwl ~AB-A, which remalna 
.,.!thin Ita Initial tolerancea for a stated number o( houra. 

For currents up to approximately one milliamp, the uaeful life of atandard l 
brlcbtnua alow lam~. either aa a visual Indicator or u a circuit element, Ia 
lDveruly proportional to the third power of the lamp current. For example, the 
rated lifo figure of 1 particular neon la mp may be either multiplied or divided 
by eight by either reducing the current to one-half normal rated current or 
doubllna:tt. reapecUvcly. 

Operation of theae typea beiO'W 50 microamperes abould be avoided for 
aever-.1 reuona, amofll them the poaalbllity of ope,utlon In tbe necattve 
realatance portion of the lamp chart.cterlatlc curve. 

Fii• 1.6. Typicol Firil'l8Voh~Chong.caofunclionof0perolins!Time 
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f"lgure 1.6 shows typical IUe-voltage curves for grouPfl or AI\ lampR run 
at .3 and .15 milliamperes. 

An mcct>pllon to many of the for egoing statements Is the 5AH family. Altkough 
StAodard brlght!K'ss lamp, the 5AH fumlly hn1:1 the ability to (;B.rry considernblv 
KTCatcr CW"rt'nt than moi!lt jCIOW lamps . lls life is Inversely proportional to the 
5th power of the current. Yor bc81 t('sultl:lthc 5AH family should not be operated 
below 1.5 milliamps. 

In general, the- Ufe of 11 atand&rd brlghtneu gloo.o.• lamp on DC Ia about 61)1. 
of the life expected on AC, when the DC current Ia equal to the RMS AC value. 
llowever, when equal OC and RMS \Cvoltngcsand equal rcalstane<!s 11rc ulllhcd 
lire wll I be appro:dmatc ly the same. 

IIIGII DIUGHTN~:SS !.AMPS 

Thc high brlg:htne11s lamps, on &n equal life basis, have about ten limes th" 
brightness of the ataDdard brl~htnesa types. In addition, light output remains 
quit., const:tnt throughwl mOll! of i!lmll lifo. They pro thus IIUitctl for usc with 
photoconductOrll and other llght-llcth•ated semiconductors. 

Thl•tr failure m ode Is a lso somewhat dlffe~nt !rom the stand11.rd brlghtneu 
ty(X's . Ins tead of 11. gentle rise In br .. akdown and malnlaln!ng volt~ge throoghout 
lUI! wh!ch e011ti nuc1:1 ud Infinitum, tho high brightnca!l lamp, ncar end of lire, 
CXJ)l'rieneeR an ~tbrupt UJlWBrd change inbrca kdownand ma!nt.alnlng voltage which 
CQOtlnUCll unpbntc:<l u.nlll bn'nkdown ~·o!t~c has reached tho 120 volt 1\C suppl_~­
\'Oitagc and the l11mp will no longer start. 

The l11.mp is .&I so considerably 01orc erratic In Its clcctrlelll bcluwtor thsn 
is the s t:.tndard brlghiiWSl! type. Tnngcs In brcnkdO\Oo'n and m ai ntllinlng voltag., 
mltinlly arc greater than tho11c R!IIIOCiatcd with standard brightness types, and 
changes throughout lifo:~ can be expeet"'d to be more severe. No re:~lly $:1.111!1-

factory method of lltab!ll,lng thl11 lamp type bas yet been lld\'anecd. For thu 
reason Genera l Electric doos not recommend t his lamp type where crlucal 
\'Oitllgc eh!l r s.cteril!tics are a necessity. 

I" o r currents up to approximately 6 milliamps the u.tcful lire or high hriRht­
ncas g low lamp!! hi lnv.,r~Jtoly proportional hHtbout the 1:1iXIh power or the uv.,rag" 
lamp current. 

Operation of this ty!* below I milliamp 11hould be avoided for the rc:u;on~ 
s tntcd t-arl!cr. ure of the high brightncu lamp on DC Ia a pproximntch• hal 
that for cqu"l RMSA.t' operation. 

GKNEHAL 

In both the litandard and high brl~htneu typea, the gres test chllrlii:C' •n 
bre11kdown "nU m:linWininto: voU~".!I occur Uurintc the f!rst!OO hours or ~rali«l 
at ral..U curr .. nt, aft~,,. which the voltage levels chal!ie onlv slig\ltly for the rc-
mntmn,g life of the lamp. These chartges may be either 8 rl.!le or a drop •n 
vnltage. There ill som" evidence that lampa having a low bt·enkdown voltat::" 
initially change the leattt and usually upward, while those h11ving a high mHia l 
bn.mkdown voltagl" gcnerall.v decrrase with age . 

trled~1~~ya:';t1~~~ ~:r s;~~~r~~c ~~:s;;~~a~'.ov;,~~~~~r~a~~~:~ t8h~~e~:~:~~~~ ~ 
have some dllil,.dvs nt&Rc. Seasoning at high currents for short IJCriod11 of 11111\', 
for example, usual lv doeli a tt>mpora['y JOO becauat- tha bre!lk,do;r,vn voltago; 
g .. nerally drifts back toward Its Initial value. When glow lampa aro run or 
puls<•d at cxeeaslvel.v high current to ac.compliah seuontng, much of Lhe uadul 
life may be ut~e-d up IM!fore the Jamp11 are actually put to work. In genera l, the 



------- PHYSICS AND CHARACTEliSTICS OF GLOW LAMPS 

most uuaractory method ot agh-s h1 to QJ)eute tlMt IamPI at about twl~ their J 
rated current for t,.enty-four hours, and then to follow thla by ai'IO(hcr t""cnty-
fuur bour J)(!rlod durl,.; wblch the lamps areopcratod undcr the circuit cOD!htluna 
to which tht~y ... m be 11ubJectt'd. F.:xe(!ptiona to thta rule-of-thumb might be 

~•111~~~~·81~1\~~ ::~~r~,:::;;ct~:!a~tAJ family. {Sell data shccta on thcac tamp. ln 

Sl,:veral ctrcutt <:OmJ)C'II'ICnt gtQW lampe are IUbjcctod to an aging tr-eatm~mt 
to ~,:nhance th("'r l!lablllty prior to voltage IK'Icctton. AmOfll thf!,ae typn are thl.: 
3 \G-A, 3AG-B, 3 \G-C, SAIJ-A, SAR-8. SAB-C, SAC, 5:\G, and S \G- A. Aft<'r 
operation on direct current for aome llnw, glow lamp.~ wtll tend to pol:ar lr..e, and 
a aubetantlal dtfference In bn~ak.kw.n ~·oltqc will OC:f'ur tr the polarity Ia re­
'"rl~'ll. For this reuon, a colored dot Ia used to mark anode polulty on a ll 
preal(ed, circuit compot'l(!nt typea. lAmPlt which are not prca(Cd by the manu­
!acturH ahould be put throu,gh an aging ach«!ule before they art UIU!od In on 
11ppllcation ~~oher<J voltage tolerances a re crttlclll. 

In many ci rcuit appllcatlon.tl the glow lamp will be pulsing on and off rather 
than haYifti a s teady current nowtng through it. In auch application~:~ the duty 
cycle of the lamp may be 10 amall 18 lO extend lUI I.Lidul life to many Umea the 
life It would have If In conllnuoua operat1011. Peak cur~nta, pulse waveabape, 
and pulae lime duration all lnlhaenee life under thcec conditione. lf tbcee facton 
can be determined, throu&:h the uee of a scope or otmor meana:. an ~~Wro:dmatiOII 
of Ufc performance can be made. The current WIIYeabape abould first be raleed 
to the appropr iate power-third Cor etandard bri1btne .. lampa, alxth for hllh 
briltltneaa, etc.-and lhen lrUegrated. Life will vary 18 tho Inverse ratio of 
t he reaulllng " steady s tate" current and the rated current, raised to the llPtlro­
prlate power . 

It Ia well to remember that alnce the glow lamp II a cold cathode device Ita 
usefu\IUe Ia not being conaumed during the time It Ia not drawing current. Th\a 
11 particularly important In many logic operatlona where a glow lamp may be In 
an off condition for a larce perccmt13c of tbe equipment'• operalLDg time. 

Oar kenlnc of the 111 .. walla of a g!OIIt' lamp Ia caua«< by the de~illoa of 
partlclu loet from the cathode durilij{ the aevere ton bombardment of normal 
operation. lbla continua..! dlalntecnllon or the Cathode aurface Ia r eferred to aa 

- apuuerlnJ. Tbla lou of cathode material Is alao a determining factor In the 
useful life of the lamp. 

l ight O utput 

Tbe use of a glow lamp •• • circuit component baa the added advantq:e 
that Ill iiKI!t output may often be an Indication of Ita state uf operation or even 
an Indication of the amount ol current nowtng thi'CJUih the lamp. In ~Ilion, the 
glow lamp may bo used u a polarity lndleator alnce tho 11ow Ia confined tp the 
cathode re on. 

The light output o{ all 1low tampa varies In dtrec:t proportion to the current 
through the lamp. The I!Jht from neon• Ia confiDed mainly to the yellow and r c<l 
reglone or the spectrum between 5200 IU1d 7500 Angatroma. A band or enef'JY 
In the Infrared reglonbctwecn 8200And8800Angatromala alao emitted. Spectral 
dlatrlbutlon curYca for both the standard and high brightneea types nre shown 
In Flcurca 1.7 and 1.8. The efficiency of the l!andard brightness type I.e low, 
avcragt111 about .06 lumena per milliamp. The hl1h brlghtnca.e typea averqe 
.16 lumena per milliamp, about three ttmea that ol the standard brtghtoo ... 
However, because of tho ability of the blgb brllhiDCII lamp to withstand hillier 
currents. Ill IIcht output Ia about teo tlmea that ot the atandard brlghtncet lamJ). 
wben the two are compared on an equal IUe basta. 

I ~~------~~~~----, ---------
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Ahhou«h the low efficiency of the noon typoa M¥e~ly limlta their utage: 
u an lllumina.nt, they are widely uaed u tncllcaton tlnce operation tt even 
a few microamperes o( current will give an eully vlalble Indication. 

~tral diatrlbullon curvea of the Argon and tho helium-argon glow lampe 
ttru ahown In Flgurca 1.9 and 1.10 respectively. The ~argon lamp, because of Ua 
outp.~t In the nc&r ultraviolet, r!Dds conJJtder able Ullage u a marker ror high 
tpced photographic pul'J)Olte. ~and also u a 8oorce of black light enei'IY. 
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RELAXATION OSCILLATORS 

The neon glow lamp hu round extensive circuit compont:nt use u a switch 
In relaxat!Ofl oaclllatorappllcatiOfls. Thotwobasictypca of r elaxation oscillators 
are the sawtooth oscllltttor and the astable {Cree running) multiVlbrator. This 
chapter will present various conflguntlons of each type or glow lamp rcl!lxatlon 
oscJII!ltor and will examine their operating character lallcs. Design aida will 
be given to assist the circuit designer In utlllz:ing the glow lamp In hi a circuit 
applications. 

GLOW LAMP SAWTOOTH OSCILLATOR 

The sawtooth oscillator utilizes a glow lamp which servea aa a switch to 
cause a capacitor to a lte rnately charge and dtach111rge. The two bnslc conrtgura. 
tiona or the sawtooth 08Cillator are shown in Figure 2.1 with representative 
waveforms shown for each clrcuJt. 

Fig. 2.1. 8os ic Sawtooth Osci llator Configurations 

The fNtQueney of oscillation for each type of oscillator Is determlnOO by 
tbe values of the associated circuit components, the s upply voltAge, and the 
operat ing characteristics or the glow lamp. The lower frequency of opera lion 
il cncntially unlimited; however, the upper frequency 1111 normally limited by 
the g iOY>' lamp due to the Ume required for the lonlutlon Md delonh.ation or 
the g11s. Tho Ujlf)Cr frequency limit for normal !lawtooth operation Ill on the order 
of 20 kllocyclea per .eecond. 

The peak-to-peak voltage amplitude of the output !lignals il the dltrercncc 
between the dvnamic firing and extinguishing potentlalll of the particular 
lamp being LJ.8~ output voltage amplitude varies throughout the frequency 
rqe of operation due to the changing values of the dynttmle firi ng and ex­
tinguishing potentials . 

&a sic Sowtooth Oscillator Operation 

As mentlonOO earlier the operation of each type of osctllalor shown In 
Figure 2.1 utllltcs thli! charging and discharging of a capacitor to genenlte 
the sawtooth waveform. However , th<- dlffl.!rencc In operation between the two 
types of elrcuits re1ults In output al~als of oppo1lte polarl t)·. 

As thll voltage Is applied to the circuit of rlgurt' :!:.18 the voltAjtC acrou ________________ ,. ______________ __ 
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the lamp Ia Initially uro at nee the caj:Nicltor Ia not able to change 1111 volta«" 
Instantaneously. "''he capacitor then begins to ch•fll'e toward the supply volt).(' 
V \lolth a time constant r equal appro:dmatel.v ton Umee c. !lo'tnce the laffl 
Ia In the non-€:onducti"¥ 11t ate 111 th18 time, the reslatance of the lo.mJi I!' 
largo thto.t Its s hunting effect Is u11un.lly negligible. 

\\lwn tha lncrca•lng voltage across tho lsmp rcache• tbe dynamic break­
dov.·n voltage V1 , the lamp switches Into thll conducting state wllh thl' rurrl"ffl 
Increasing to a relatively high value. Tho capacitor then \x>glns to dl1chary 
tow11rd ground through the reatatancfl of tho lamp. The dynamic lamp n'alat•" 
In the conducting state Ia variable depe-nding on the value of the current fl""il'll 
In the lamp, Initially havh\1 a vaJ~ or a few thou.aand ohms. Th(' cal)tlrlt 
th~a quickly discharges 'flrlth the voltql! acrou the lllmp decreuln~~: npldt. 
until It reaches the dynamic exllngutshln~~: voltaxe V'"", Ti'le lamp then awllci\c!o 
to the hlgh-realatance State with the lamp ccaaln« to ~~:Iov.•, With the cia­
lamp thus swilchl!d to the high rcslst.anco !Illite tbe capacilor again befl:tM t< 
ch11rge toward the 1:1upplv voltagtl and the cycle repents. In order that U. 
o•clllatlona will be sustained certain operat!O¥ conditions must be met. TheM 
cooUitlontl will be de!l'crl~ In tbe next section. 

h
. ----------=:. 

___ , 
• lttol-

' 
Fig. 2.2. Singlo Cycle of Typical Sowtooth Output 

A typical low frcquc~tC:y •teady-atate output vohqe waveform 1a sh< 
In F'i!(\lre 2.2. The varloua voltage levels are Indicated In the figure. T, ts 
the limo during which the capacitor Is charging and T0 11 the time during \lo'hicb 
the l~p Ia [Ired and the cape.citor Is dlschn.rglna. For low frequency oacU­
IIttlona T0 Is mucb lt!ll than Tc and thertrorc, the ~rlod TIs BPflroxlmatel"' 
equal to thll capacitor charging time Tc. 

Durlllf( the time the capAcitor Is l'hargfng tho t.oquatlon for the volu,­
output waveform u a runcuon of lime Ia: 

_.!>._ 
V1 ·V~+(V-V.I(I-o Rl.) 

Solvl~~~: for "G_: 

Tc:-RCln~ v- v, 

o< t< Tc 

(<!.21 

(2.31 

Assuming that T" « Tc... which Is true for low frequency osclllatloos, th< _______________ ,, ______________ _ 

----
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J)l:!rlod of a alngle cyclc T Ia then approxim;~tely equal to Tc ao that: 

T RCln~ 
v- v, (2.l) 

Th(l frequency of oaclllation IIi' equal to the n!clprocal o( lhe period. 
Therefore, the CQWitlon for the low frequency oaclllatlon of the JIQW lamp 
aawtooth oscillator 18: 

Allcrnatc cquationa for the frcqucr.cy of oectllatloo are: 

1 '---'-~v"-=-'v". 
2.3RC1og~ 

nc In fl+ v ~·v. 1 

wht>r<' V~ Ia th~ poak-IO-PIUik vohage arnplltuo,h1 or tho uutf)llt Blgnal. 

(2.5) 

(2.6) 

(2.7) 

Equation 2.5 Ia 11 good approx.lmation w the operauns frequency for 
tr.•qU(!flcles leu than about 200 cps. t'or thlalov•C'r frequency region thtl dynamic 
volla,:ea V1 and V~ mav be.- approximated by lhe OC firt~~g voltage v. ancJ thl' 
DC m:t.lntll.lniDg voltll.gll' V11 ~ape<:llvely so that for fn-qucncie.s le .. than 200 
C~: 

(2.8) 

Fig, 2.3. Single Cycle of Typical Sowfooth Output 

In fi(Ure 2.3 Ia aho1•on a single cycle of a typleal l01>o frequency output 
ll~sl for the seeotld type of basic sawtooth OICII!ator sh011o-n In Flpr(' 2.1b. 

---------------··---------------
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As voltage Is a.pp/led to the circuit the full voltage Is Initially placed 
across the l11mp and the lamp fires. The capacitor then cha.rges up rapidly 
through the low resistance of the conducting lamp until the voltRge across 
the lamp rl:lachua the !:!xllngulshlng voltage at which Ume the lamp ewllches 
to the high-resistance state and thus euenthllly Isolate~:~ the R-C network 
from the supply vol tage. The capacitor then begin• to discharge t hrough R 
with a time constant r equal to H Urnes c. When the voltage across U!e resistor ­
capacitor network has decreased to a value such that the voltage across the 
lamp reaches the firing potential of the lamp, the lamp will fire and the capacitor 
agllln charges rapidly through the lamp. As with the circuit of Figure 2 .1a 
the lime during which the lamp hi fired Ia much .shorter than the off lime for lo­
frcquency 08CIIIattons. 

The equation for the volt.age output waveform during the time of the 
capacitor discharge Ia: 

\'(t) • (V- V.)e -"fc O< t< To 

Then at ti me T0 : 

(V-V1) • (V-V~)c -~ 
solving for T0 : 

T0 -RC\n v-v. 
v- v, 

T • RCJn~ 
v- v, 

The frc..oquency I• the reciprocal of the per iod ao thu: 

which Ill identical to oquaUon 2.5. 

(:!.9) 

(2.10) 

{2.11) =:s 

(2.12) 

(2.131 

Therefor e the same de111lgn equnUona are a.ppllcable to each type of saw­
tooth oacillntor circuit s hown In t'tgure 2.1 . 

Condilion1 Ne(enory for Sustoined Os cillotions. 

In o rd()r to obtain !JU!Itaincd oacHiatlons In a l ll"'1ootb osci!lator the 
aasoclated componentll and tho supply voltage mull be properly chosen. 

The only Tequl remcnt on the &UI>Piy voltage for a sawtooth osci llator 
Ia that the magnitude of the voltage mu.st exceed the firing potential of !be 
glow lamp being used. Normally, It Is desirable to have the s upply voh~!p 
u high as Is pracllc:nble slnt.'fl the linearity of the output wsvcform lncreues 
u the s upply \'Oltage lncreaaea and In addition oscllllltor circuits tend to be 
IQOre stable for higher values of s upply voltage. The glow lamp may be used ________________ , ______________ __ 
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equally well wllh poa!Uve or ncsative 11upply vohllJU, bearing In mind that 
bettf!r operation 11 obtained by observlog the indlcAU .. od polarity (U any) of the 
la n1p, 

p. 
I, 

Fill• 2.4, Voh-Ampere Choroc;let'i5tie Curve Showing Operalil'lg 
Conditiom few VMiOUI Values of lood ll.-si1tonce. 

The .value of the elcternal realator must be chosen so aa to aatlafy cer tain 
rondlliona for Ollclllatlon. These concltt Ions will ~ determined by referr ing to 
Figure 2..& which ahowe a volt-ampere chnacterlltlc waveform aimllar to a 
typtcal slow lampcharactcrlltlc. Thooperatl-.:characterlatlcawlll be determined 
for three val'"-'1 of rulatance R1, R1 and Rs wbOl!le l011d II~• are repruented In 
Ftcure 2.4 by the line aegmenta OA, 08, and OC reapectlvely. 

Consid('r flra:t the e.•e ,.-here n • ~- A• ttHI aumlly voltage Ia applied to 
the circuit tht' capacitor beglna to char10 toward the aupply voltage and reac:h~hl 
the equilibrium point M which 111 th~ lntene<:tlon or lhe load line with the char­
actertallc curve, In this case the value of real s tance R 1 Ia on the aam~ order 
a• the "DOn-conductii\IJ" resistance or the lamp with lhe result that not enwgh 
\"Oila,ge 111 droJ)IX!d acrou the lamp to cause It to (Ire, The voltqe acrosa the 
lamp will, ther.:rore. rem1ln 11 a vaiiH' correspond ire to point M and the circuit 
11 unable to Initiate oeclllation. atnce the lamp Ia Incapable of firing. 

Now cons ider tho condition 111here R • R~. Aa the supply voltage 111 applied 
to the circuit the volt.ag~;~ acnJSI the lamp Is Inti lilly ~:ero due to tho parallel 
capacitor. Atl tho capacitor begtna to charge u.p, the voltage acrou tht~ lamp 
lncre11.su slona; the characterl•tl<l curve to point 1~. the rtrl!ll" volta«e or the 
lamp. The <lapacUor dlachargea thr~h the lamp, lncrea11ing lamp current 
to point Q. \a the capacitor then dlachargca rapidly, the voltage and current 

--------------- ~· ---------------
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or th<' lmmp follow tht' charach:rlaUc cunt· 111<11'1( th,. ~"s. Utbe 
point S Ia reached, llM:» voltnge must lx-gin to ria• u th(· curtTnl -~ 
(tQYoani polfll C) but alncc th.<' pass ive clt'tn('nta or the cl r <:ull ar~ l~pa!IW 
of providing "" lnc rcnalnl( voltage for a dt•crrasl~ turrt'nt mnd th~· vat..- cl 
R~ Is too large to jX'rtnlt aufflchmt currt"nl IC flow through lht- la mp to ma•n· 
taln conduction, the l&lnll atopa Mnducting 11nd swltchc• r:aplt.ll~· a lona: a coa­
llllnt voltage line to point T. Tbe capacitor lht•n bt>glna to chargt· again toward 
tho aupph· voltage V ud the- cycle rcJ)(!atll. Thcr1.1foN, &!nee the l<llld 111M of 
thr realatanei! R. !nteral.-cta the volt-am~rc chanctcrist!c cune •lthr.a 
tht< nt>11;1lllvt• n:!slstance rcgton r('prescntcd ~ the cun·e SP the c1rcu.t Ia 
tncal)tlbl<' of reachiiiJ 11n equilibrium point and will eontlnue to OIICIII&s. 

If R Ia decreased allll !urtho:r to the v11IIK' or tt. the lamp 10.111 bo.-c•n 
conducting ~~ohcn the flrtna: voiLAgc h1 Initially N.'achcd and afler awlldlll'llf 
to point Q the t•apncitor wtll dlechtu-ge through the IRmp until point N Ia r c11cfw 
which Ia the point of lntcr l!cctlon of the lo~~~:i l!ne with the volt~nmper•• t·hsr 
actcrlsUc cur••c of th~ lamp. Thill point Is a &tt\blc point whl're the \'lha 
()( rea httancc 18 low enou.gh to provide a aufllcll"nt current to malntaua con­
duction through tbe lamp. The lamp will . tht'refore. rl"maln In thll c-onc'luct t!'lj 
ltalj> 11nd wl\1 not osclllllte. 

t'rom thf' !on-coing dlacuulon it Is apparl"nt tllat In ord~r to ot.c:un 
euetetnrd neril\atlon>~ tl'lf ulu~ of the t:Xl!£rnai r<'liatance It ml.lbl lw ~·ho•..,. 

l~teh th11t tht• load llnj> lnttoU("('tl!l lht' dow bmp charactt-rlstlc c-un·c tn tho.­
DI.]tllt!YC l't'&lstonce reston, 

D•sign of Glow lamp Sowtoo lh Oulllotars. 

Oue to tbe nonlinear ~hancterlslics of the glow l11mp and tiM.' vari • t•on 
or th~ •·oltq:(> ~ramf'lt-rl between lamps, prt.-dlctlon of the actual fr•-qu..·ney 
of O!Killallon for any Pf.rllcular glo,..· l~mp c•n only be! approximetc. Ttwrt"­
forc, If a c ircuit 11!1 to 08clllate 111 a given frequency lbe design of the c lrcuJt 
Is often bell handled by a trill 11rwi error opprt)ach. 

If thll frequency or OICilllltion Is to be Ienihan 200 cpa t.he paramett>r11 
may be df!termined quite accuratel.v by using cquntlon 2.5 or Us altern:u c 
forma. In this case, the (iring Anti mnJntainfng voltagu for the lamp ahour.l 
be first mt'aaurt..'d 11nd then by choosing arcy two of the parameters R, C. or \ ' 
thf' va lUI" of the third may bto dctermlnt.od from the equation 2.8. 

In addition to ullh'l' eq1111.tlon J.B a number of curvt'a ha•·e be~n obtatD<. .. J 
for three type• of tampa IIVI"C" the avo:rage oaclllalir« fi'Cquency aa a funch<>n 
of R and C for lleVeraJ valuee of supply voltqe. Tbeac dc.>aign cun·c11 !\r l' 
ahO'oln In Figures 2.5 throop 2.10 aad 1re ror prc-agOO 5AB, 5t\G~A, and 
4AC 1low lamps. The curve• arc helpful in dl'termlnhW the appro~~:\ mate 
frequ~ncy of oacillstion !or a. given tyl)d or l11mp t'II)C('iully !or frequcnck" 
above approximately 200 c~ whrro <!Quat10011 2.5 through 2.8 nrc not !ll)!)li· 
cable . The dcaign curvl'" or ~·lgurca 2.5 through 2.10 ai8o lndlcnto typtral 
vALura of r esistance for uat! with the different typee of IamPI!. Aa deacr ib<>d 
proviou•ly, the v11iue of rt•eietance for which n circuit 11 caJ)3ble or oac tl . 
lati"lC dl•penda upon the inte rllN:tion or the re•latance load line with the volt 
ampere cha.ractcrlatlc or tbl! lamp. For 08CIIIat1oo1 to be maintained th\.11 
lntt'rtcctlon must occur in tho nt.'g3tlve re11111tancc rewJon of tho lamp 
charach•rlatic. _______ ,. -------
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.t; 

Fig.2.5. 0J*'(Iting Freq~o~enciet os a Function of 
R•sbto,.c• cmd CGpoci tance. (SAB ot lOOV) 

"-''f---+--
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fig. 2. 6. Of*'oling Frequenci11 os o Function of 
Resittonee olld Copoc:il<lnce. (SABot 150V) _________ ,0 ________ _ 
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Fig. 2.7. Opert~tirog Frequencit.~ CIS Cl Functiort of 
Resiito.,ce ond Copocito.,ce. (SAG-A"' lOOV) 
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Fig. 2.8. Operotirog Frequ.,..cia os o Functi011 of 
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Resiuc~nc:e otld Copocihl.,c;e. (SAG-A ot ISOV) ~ __________ ,\ ________ __ 
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Fiv. 2. 9. Opc-roting Frequen<:ies 01 o Function of 

R ... istoneo and CGpoc:ltonce. (>lAC a t I.SOV) 

Fig. 2. 10. Operating freq..HW~c:i• os o Function of 
Resistance ol\d Copocitonc:e. (-4AC ot 225V) 

'" 

_______ , ______ _ 
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The mulmurn value of realatan~ with .,..htch a circuit will oaclllatc 
II normally ~~:realer than 50 megohrna ao that In rno.t applications the mnxt­
murn valuo o! rcelat&nce wt ll dopond more on other con.lilldcrallons than on 
the conditions for oecillatloo. On lhl" other hllnd, the minimum value or real I· 
tnnce required for au1talncd Olclilatlon.s llil rencrally more critical and Is 
dt'J)('.ndcnt upoo the asaoclsted valut• or capacitance and the supply voltage. 
In addilloa, among lamps of Oflc type there Ia a •arlallon In the minimum 
uacable value or re..:lal&nce. 

FlfCU~ 2.11 1hawa a typical range of the minimum value of roJaiatunl-'t 
rt'<tUirod for oscillation 111 a function or the usot'latt'!l CIIP'.Icllnncc. The 
curve Is for an llAI.I lamp with 11 eupply voltar.te or 150 volts. The vatu"' 
of minimum rcllatan.ce lncreal!l(!l!l 1111 the supply vollltJe lncrcaaca. For the 
5 \Binmp R at 150 ¥olts Is spprO)(!mately twkc thatnt 100 volts. 

For general ~~:tow lamp sawtooth oaclllator aP!Jiicatlona the ranl[e v( 
realatance ia normally between 1 mer~m and 22 me,ohma. 

Once the IIPIIroldmate circuit pAra.mcter valuca hA,·e been Uctcrmlned 
a.nd tht> circuit I» oacillattng, !hc desired operating frequency mav be ob­
!alned by varl111t1C'ln or el!he r R or C or the supply voltage. Normally this 
final adjustmen! I• IJ.cst made> by using 1 poll'nllomete r In the rc•talll.!l!C 
bnnch or tht• circuli. 

Fig. 2.1 I. Minimum Volua of Resista~c:.• for OJci llotiOfl 
Ol o Function of the Copoc:itonc•. _______ , -------
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Operating Choracterhtiuof Sawtooth Oscillators. 

OUTPUT WAVESllf\PE 

The shape of the output alpal from a glow lamp aawtooth oaclllator 
II d"terminM mainly by the mapllude of tbe aupply voltage and the fre­
~ncy of ~clllatlon. 

For supply voltag~a on.ly 11lllfhtly grC'aler than the firing voltage of the 
lamp the output Wl\veform will 00 qyltC' round<.<d. By lncrculng tho aupply 
voltl'gc the roundll\lt will dce reaao and the output wavosbt~pe will bocomo 
more linear u Ia dll11i red when LhC' aawtooth output Ia to bto used 1111 a sweep 
algnal or other lime baae gt>nerator. 

for low frequcncv oacill&tiona tbt! tfme during ..,·htcb the tube flrca Is a 
amall percent~ of the perloc.l of th<o algnal and the reaultiJC waveaha~ Ia a 
typical nwtooth 1\JMI. An e,cample of auch an output Ia abov.rn In Figure Z.l2. 

·L .. 
~·t-J -" 

Fig. 2.12. Typical Sowtooth Ot.citlotOt" low freqvancy Output. 

Aa the frequency of ot~cillatlon lncr~ase11 the time rcqu!Nld for the Ioniza­
tion and de-IOI'llutlon of the gaa become a more appreciable part ol thr~ lOCal 
period. Thus, a roundtnc of thf' wavllform at the dlacoollnu!tiea occura. In 
ldclit lon, the ume n.oqulred for t~ ca()llcltor to either charge or di11Ch:arge 
thrwgh the fired l1mp becomea an ln~.:reastngly l1ri(N percentage of the total 
periOd. Thf'sc efft.~t~~ are s hown in Figure 2.13 ror a GAB tllinP o.clllntlng ot ­
a frt_>q~.tency of'7150 CPl. 

·L~ 
"'t--1_~~·~ 

oo•...,.. "ci·••v•,._ .......... 

Although the norm11l upper frequency limit for uwtooth o9cillatlona 111 
about 20 kflocyclcll f)('r second, glow lamps may often awltch Into 8lnuaoldal 
08clllatlons u frt•(jUt•ncleJI approaching 50 klloeyclea per second. Flprc 2.1 t 
,.h.,,._ a t.,.ptca l output !or a 5o\D ~~:tow lamp opl.'r Uing In thia al~ldal ________________ ,. ______________ __ 
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m~. Tho amplttude or theae alnuaoldal otclllatlon. I• much leaa than the 
amplitude of norma l aawtooth oaclllatlona for the aame lamp. In addlllon, 
the exlatenea of tbetle osclllatlona dependa on fairly critical adju&"tment of 
the supply voltaa;e. 

··L .. 
·--t-t·~·~ 

:';::'.::'!:-

Fig. 2.1-4. Sinu10idol Output of Glow Lc.np O.C.illolor 
Operoting in High Frequency Region. 

In general, the low voltqe glow lampa aueh aa tho SAB and 5AG-A. are 
very atablo and consiatcnt in t heir output voltage waveform& over the normal 
frequency range of ope rallon. Although tbe high vo.itage lamJW, 4-AB and 4AC, 
offe r the potsiblllty of a higher out~t aignal, their waveform& can become 
errallc at frequeneiea creater than 1000 cpe. They are, lherefnre, ben er au.lt.ed 
for_.., In low frequency oaclliator appllcatlone. 

Variotloru of Glow Lomp Poroma ta rs a s o Funr:tion of Frat~uency. 

The inlwrcnt nonlinearity of the glow lamp and the r ather lone timq 
required for \onlutlon and delonization of tbe gas leW to vari.nUons of 11M 
glow lamp parameteu u a f\mdion or frequency when Of)el'allr\Jf In the baaic: 
uwtooth OIICitlator eonnruraUon. These varlatlone a r o evident In the flrull 
and exttngut • hing volu.gce and In the deviation of the actunl opcrallnll: fno.quencv 
from the caJculnted frequeney obtained by U8lllfC the equation for low frequency 
oscilllltlone. Tbe following obler vatlone were made us ire samples or prf'-AJted 
SAG lampa. 

figure 2.15 ahOII>• a typical rcapon•e curve for the dynamic nrlrc voltage 
V1 u a function o( frt'qtlency. The supply voltage Ia held constant as +100.0 
voila and both Rand C 11n1 varlod to obtain the curve . Noce that aa the frt>qucncy 
ln<:reuo.>a from the tov. fre<~ueney end tht' firing voltaiC r eaehes a maximum 

---------------- ~ ----------------
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at approJdmately 200 cpe; then decrease. to a minimum at about 4000 CPIJ alter 
whlcll the response qaln rlaea until oeclllatlona ccaac. The differ ence between 
the n1axlmum and minimum valuea on tbe cW"YC Ia about 5 volta. The reaponae 
curve for the firing voltage wbcn plotted and extended to frequencies leu 
thlln .1 Cp8 tends to approach the DC firing volta(c . 

The reaponse or the dynamic extlngulahtng voltage ve aa a runcuon or 
frequency Is a more complicated phe nomenon aln« Ve 11 also a funcllon of 
the value oC R and C uaed In the oeclllator circuit. Figure 2.16 abow-a a typical 
family of curv~ for c01utant values of rel!llllance R wllh the cape;cltance C 
varied to change lhe f~ncy. 

From the curves It Ia ~teen that the loweat extlft1Uiehlnc voltage Ia obtained 
for the largest value of realatance and In thla caae occun at approidmately 
1000 CPIJ. In addition, the e.lrtlrculahlng voltage Ia ellenllally Independent of 
the value or resistance for very low frcqucnelcs and Ia approximately equal 
to the DC maintaining voltago. 

S!nce lhe extlngulahtnr vollna:e Ia dependent upon the value of the external 
real ~lance R, while t~ Hring voltage Is not, the difference betweil:n these lwo 
volla&N Ia also dependent on the \"alue ofR. The dUfe rence beiWei!:n tho dynamic 
nnnc voltage and the dynamic utl,.,..lahlnc voltage Ia the peak-to-peak 
amplllllde of the sawtooth output signal -..hldl Ia do!algnated by v •. 

-..::::: -....... ...... ,, " \."-. '"'"-

-P· 
\. 

' I". "'-....__, 

. ~ 

Fig. 2.16. Variation of btinguiJhil"lg VoltQ(Je • Comtonl Resiltonce. 

A lypiCIII p lot of V0 V~UI.I.I [r\Kjucncy Ia ahown In fo'I&UrC 2.17 for a fl!teen 
me1ohm rt"alatancc. In this caae v. vartea from a loY>· frequency amplitude 
of about 18 vol._. to a maximum amplitude of about 32 volta a t 500 epa. Thla 
amplitude variation ~~>lth frequency Ia Jreater for larJcr valuea of R than It I• 
for amaller vaiiK!I of H d\K! to the dependence of the entncuhrhtnc vollagc 
on the resistance as shown In fii(Ure 2.16. _______ ,. -------
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Fiv. 2.17. Variation af v. 0$ o Func;tion of Frequenc;y • 
(ONion! Resinon<:e. 

11:::1 
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for :r;rt~I!:~1A0~~g:~11 ~=~ ~·~~~\~r;~~~~ak;;:-:..:~,:;':; :~~ ~ 
lator In the frequency rt:jJ\on of 200 • 2000 CJ)II 1100 by ualng a large ~'toiUl' tJf 

cxte:n:l :::~lln;;;.,IOU!IIy, the I.'Quatlon for determlnl~ the low fr.."<<ucncy ~ 
o~lllatlng frequency o( the basic aawtOOlh generator Ill: 

( - I 

RC!n ~=:; 
In Investigating how valid thla equation hi over the entire range of operat•~ -=::::::= 

frequcnclea lhc above equation Ia alter~ by the addition of a multlplylfll f11c·t(>r 
& and then a Ia ~valuated u a function of frequency. The revised equ!l.llon •• ~;:::::S 

10 that: 

( ·--.L..,-,,-
aRCin ~=~; 

v. v. 
me In -y:-v,-

Fig. 2.18, Oeviotion of Opetoling Freq~ocy from Low 
Frequency Ectuotion. 

(2.151 
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-= 
t:::::l 

-= 
-== 
tp 
a::::! 
:::t 
~ 
::::'1 
~ 



-------------RELAXATION OSCILLATORS 

Figure 2. 18 ahows a typical plot of cr u a func.:tlon of freqt~ency. Note 
that to Ia cuentlally cont~tanl up lo a rr ... oqu~cy of About 200 c.,. a.nd then 
~na to rfae. The value of a in the low freq\K"ncy region 11 1.05 llnd w .. 
very eonalatt':nt among th<' 5AB tampa testtod. 11\ua. 11 mor e accur!ltc oquallOfl 
for tho d<'lllgn of !>AB aaW1001h ot~clllaiOra In the IQW frequency region lA: 

r - ---'----::-:-:­
l.05RC In~-~; 

n~•1PEKATURE EFFECTS 

(2.17) 

Glow lamp oaclllatou ""·hlch are to be ~ ~er changing tempuraturo 
L'Ondltlons may be expected to have varying characteristic• n a funclloo of 
the temperature. The variation In frequency Ia e .. cl'ltlaUy linear with tunl­
peru.turc but the degree and dlrt>Ctlon of change from tho frequency at room 
t('mpcrature appears to be dependent upoonthef~of operation. Tbe cha11Je 
In frequency with tem~raturc may ro u high u about 1.5\ of the frequency at 
room temperature per 10 C chance ln. tempent~. 'J"be dynamle breakdown 
vohagf' and dynamic extlngul11hln«: voltqe each deereue lUI the temperauare 
lncn:-a~• but the rate o( de-creaae Ia ap..ia vatiablt- betweea lam)» and under 
di!rercnt operaUog condition•. 

GI<'IW lamps w111 opcrllte properly lUI .u~'tooth oaclllatou over a temper­
atura rangu of -50 to .-so degrees ct'nt igrade C-58 to 4 176 degrees F11hrcnhelt). 
Th(l ltiOw lamp should nClvor bo used In ambient Wml)t!rAiuri·M Plu~nf'<llne: 
300' l' r!.l'ad It Is recommended that when lhe 1low lamp 111 used u a cir cuit 
component operation should bt' limited to the temP\'rltUrt! rana:u of -so·•• to 
· 165 F. 

T!Mf STABILITY OF OSCILLATORS 

When employtrc ~t:l""" lamps In oJJclllato:•r eoof!prall01111 thrt.'C types ol 
tlmt! var iations may lx> encountcrl'd. The nrst 11 the short term frequency 
Instability which requ!r u a ICOKth of time bt>forll the clreult has reached 
11 lltllady frequency of operation when the lamp t• bdl!l used for the ftrstt lntc 
or after ll hM not been uacd for a period of time. The second type of lime 
vnriRIIon I• n grndual chan«e In (requency o( oe:clllatlon u the lamp parameter. 
chanro with age. The third type of time varl.t.tl~ found In a limited number 
of lamp types 18 a random change In fHQUency ol OJ)('ratlon caused by a rapid 
ch•na:e In lamp paramekrs. 

Thcae varlatlona In OP\'rHIIR« frequency arc norm.t.lly the reauh of a change 
In cltlw!r. or bolh, the firing voltage and extiJIIUIIlhlng voltage of the lamp. 
:Nch changes can be mlnlmltcd by employiT"« 1M rollov.ing practlcc8: 

lnltllll nhort t~rm lrullnblllllu mny be reduced by pre-aging or IIC88onlng 
lht• 11\mp. 15ee ChiiJllt'r Six for prcxedure.) Each leAIOfling proo('(\ur e nhould 
ha\'1! !\ Jl('rlod of time wh~re thol lamp Ia operAting \'l'ry nt•ar the circuit con­
dltl0fl8. If the lamp hna ~en thoroughly seuonf'd :~nd 111 quie11cent for a day 
or more there alii\ mt~y lxo 11 nhift in freqlK'nn· of a fe"' per cent durir~~t liB 
flrat few mlnutea ol operation. 

Tht' .11ccond mention«' an.11tabillty, changes throudlout life. m:Jo\· be mlnl­
mlrl.'<l by opcnnton below ratt!d lamp c~~rrvnt. f:'!INlml'ly low currl"'lta can 

------------ ~ ------------
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lead to the third type of Instability. The ae changes, or course, Cllll be com­
pcnaated for by circuli adjustment If th<1 circuit Is cr itical. 

The third type or lru~a..billty may be cncounteN'CI particularly when ualnc 
the higtl voltq:e -AAB and 4AC. TheM lamp. n-eult 1n hlgbor output voltatce 
but may produce alight erntlc: changca In freq~ncy d~Ae to a rapid ahlft an 
the lamp par11metcra u the cathode glow changea location. t'requ.ency varia­
tion• a re nurmally quito amall and may be mlniml:tcd by o~ralion nc11r thoro 
lamp'a ratl>d current. 

Since all the above frequency ehan&M are accompanied by change. In tblr 
firing and extinguishing voltacea of the IamPI the pet~k-to-peak voltage arnplf­
t\klo of the output will normally change u well. 

Operating Environment of Lampl. 

\\-'hen dulgnlng glow tampa Into oaclllator circulta aome c:<~aalderal.iaa 
mwn be give. to lhe environment In which the lamp Ia placed. bllllkbu- 10 
tbe effecu of temperature ""hlch have a l ready been mentioned. udwr ca.IU~ 
""hlch must be considered are the prcaence or ahaeDOa ollJ&bl or adle.r a.­
ternal lonl7.1rli aource arxl the action of a tray nelda upon the b.mp.. 

The apocd of lonl:uiiQfl of the gaa In a lamp depndll- tt. .a.w .t .. pa 
at the lime voltage 18 applied to the la..alp. lf a la.alp tJI •• ~ ..,...._ 
with no other IOI:Iblfll .a.u-ce pre..eat. the u.. for.._......,. ... _.'­
relatively long. Th~. a lamp whlcllla opoarated ta tt. dattl ...,. liiiPe • .-ard 
different frequency than It wtll have wiMe operaled 1.a tap&. 5e..u r,.. 
glow lamJHJ have a radioactive .ddltlft t.. U. - p.a 1o .... u. *-~ 
forcncc In lamp opcratl"' chancto:rhotlca. n--r, fvr ".I'Y .....,.. ..:11 c-­
llllent operation, aome aource- of Iicht 8IMiuld be JW9"''11IW lor dw 1uap.. 
Thla light Ia ea.ally obtaJaed by Ow 11M of aaoclile:r ,._ lamp wfddl l.a-­
llnuoosly c:onductlnc In tbe vicinity oC tM ,,,_ lamp bet,. aed u .. oerillawr . 

.stray fleldll aucb aa the 60 eye! ... AC nelda from JIO'II"er linea mav olte11 
affect the rlrtnr voltage or the lamp reaulllnc In an output ..,hlch ... 111 vuy In 
both amplitude and fre(JU<.'Ilcy at tbc rate of tbc IHray nctd This lnl.erf~rencemav 
be effectively reduced by cncl011ing the lamp In a grounded metal C"OfllaJner 
or wire meah ahleld . 

V."hen the a.clllator cap.cHtmce Ia of auch a amall value that the 111ray 
capacltanct' haa an erfect on the open.ttnc frequencv it Ia r ecomml.'ndcd that 
tbe lamp be clamped firmly In place 10 that the lamp may not be moved nnd 
lhua change tho& capacity ahunttng the lanlp. Thla Ia paMtcularly Important 
when the a t ray capacitance Ia 113cd u the only eaPficltance In th\1 otclllator 
etreuJt which may be r«julred when llllh operatlna: freqoonctca ar e deal red. 

GLOW LAMP ASTA&U MULTIVI&RATOR 

A second type of relaxation oscillator which cmployil noon glow lampe ill 
the astable or free-r unning muUivlbralor. Thtt normal eonflguratloo employe 
two glow lam.- w1th uaoclated reallltora and capacltora. The frequcney or 
n-petltl01:1 nte Ia again determined by the ope .... urc charaeiCrtatlca of lh<:~ 
lamps, the elflernal realatfl~ and captlelta.nce, and the aupply voltq:e. TIM! 
upper frequency limit of the multlvibrator 18 generally about 10 kilocycles 
per lilttcond. Scvtlra.l typea of output wt~verorma are obtainable from the glow 
hunp multlvlbro.tor. 

The b .. tc multivlbrator confiKW'Itlon Ia ah<l'4'n In Figure 2.19. The oper-
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-------------•RELAXATION OSCILlATORS 

atlon of the multivlbrat.or will first be described and the equation for the 
operating frequency will then be obtAined. 

Fig. 2.19. Typicol Glow Lomp Astable MuhivibroiO<' 
and Outputs. 

As th':l ~Jupply voltagu Is applied t<> the clreult of Figure 2.19 the voltage 
acr01:1a thn two glow lamps beglns tolncrea.J;~eiUI the stray cap:a.cltancea paraUel· 
lng the lamps charge up. The rfrlna: voltagt~ of one of the lamps will be reached 
nr~:~t. 11tnco It Is unlikely that both w11l reach their ftrtng potentials a t eJ~actly 
the same time. Asswnlng that the firing voltage of Nl 11'1 reached first, u tho 
lamp fires the voltage across it decreases suddenly to the lampa maintaining 
voltage and thl1 drop Ia coupled to the anode of N2 by mealUII of the capacitor. 
Thi..ll negative going pulse Is npproxlmntely cqull.l to tho dUference between 
the firing voltage and the mslntalnlng voltage of Nl. The pulse which Ia coupled 
to N2 decreases the potential acrou that lamp thus preventing It from firing. 
At thiB time the potential across Nl 11 appro:dmatcly CXJual to the mafnt&Jnlng 
voltage. 

The capacitor then begin11 to cb#rge through the load re11lator of N2 toward 
the supply voltage with a time constant of C tfmea Hz. As the capacitor charges, 
the voltage across N2 rfaca until It reache1 the nrtng potenUal of the lamp, 
at which time the lamp fires, dt.-cr.!o.alng the potential acrosa N2 to the main­
taining voltage. This sudden decrease In voltage Is then coupled to Nl through 
the capacitor, dropping the voltage acroa:1 Nl below the extlngulahlng voltage 
and hence Nl switches to the high resistance at1te and !!lOps glowing. The 
capacitor then bcgtns to charge In the reverse direction and the cycle repeats. 

Fig\lre 2.19 shows the outputs from the two lamps for a typical low fre­
quency astable multi vibrator. 

In ordE!I' to determine the equation forthcosclllatlfl3' froquency of the multi­
vibrator, a single period 18 divided fnlo two pal"t8 oorresponding to the two 
different states of each lamp. Figure 2.20(a) shows the condition where N2 Is 
rtreU and Nl Is non-conducting-corresponding to time T, and Flg\II'C 2.20(b) 
shows the condition where Nl Is fired and N2 Is non-conducting-corresponding 
to time T r-
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Fig. 2 .20. Single Cycle of Output Waveform$ 

For thtJ period T1 the equation for the voltage v1 Is : 

v1 (t) -V,.. 1 -(V,~- V.., 1) (V - \',. 1 (V12 -V., ~)){I -c-"f.c:) O<.t<T1 

_ __G_ 
v1 -v.,,-v, 1• v.~+(V-v.,•v1~-V,.1) (t-e a., t.l 

Solving for T1: 

T,-n,c In v +V, 1 - v.,.s - V.~: 
v- v1 , 

where In 18th(' natura l logar ithm. 

Slmllarly: 

Thtm the period T 18 equa l to the !!tUm of the lndlvldual tim('l T1 :melT~. 

Thercfarcr:---------------, 

v•v1!-v .. , -v.,.
1 

V1v11 -v .. , -v .. ~ 

T H1C ln V-V ... R2C In 
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------------- RELAXATION OSCILLATORS 

The frequency of operation may then be determined by taking the r eciprocal 
of the per iod T. A mort~ almpllficd equation for the frequency or Mclllallon 
may 1)1: obtained by anumtnr eq\1111 firing and cxtlrculablng voltaga (or the 
t ..... o IIUTlpa. Thus U 

v,, v,
2

- v, Md v., v., v .. 
then 

V v,- 2V. 
T - C(R1 + Rz) In ---v-:-v;-- {2.2-1) 

Then the fro)quency of oscllhrtlon Is tht< reciproca l or the period 110 that: 

r • -----'-;;-:-::,...--:::c­v + V1 - 2V. 
C(R1 t R2) In -v-=v;--

for the condition v•hore eqw~l !Old r ('afstors are~ R1 • R~ • R. Then: 

r · ---;-;'v-v;;-,-_-;;;,v;-. 
enc 1n - v -v, -

{2.2:!1) 

(2.20) 

The output ~avcrorm of ~·tgurc 2.19 Is noc the typical "square-wave" 
siJnal lfCIK'rally eDCOUnter«< In multitotibratou. IIOI'I'evcr, thll!l mulllvlbntor 
circuli may be modUied to prtlduce output slplrla .,..hleh do have the general 
rect&nKUIIU' 11h.:lpe. A form or this mod1rt<'<l circuit Ia 1bw-n In FIJ:\Ire 2.21 
with wavdorms taken at both the anode and cathode of one of the lamf)l. The 
anode voltal{e Is approx:lmat~ly 30 volts pcak-ll>-pcak and the cathode tquare­
"'-'"Vt! output Ia approximate ly .f voltiJ pca)HU..J)CIIk at a frequency or 15 c~. 
Th" magnitude or lhc aqUIIre-wave output Ia dependent upon the valut< of the 
rcaletancc !n the cathode lcada of F igure 2.2\. AI the resletnncu Ia mllde 
hr.rgcr the output becomca grelltcr: howcvl'r, thc topo( the 1qu.ar e-wavc become• 
more aloplll(( and for very luge valuca of cathode rt>alatanCt'! the circuli ca.n nQl 
bol made to oscillate. 

Fig. 2.21. Modifi.d Multil'ibrolot and Ovtpuh. 

------------ ~ ------------
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·~ ·CJ .... 
~ 

Fig. 2.12. Glow La.p Molhi~ with c­
Car+.:d.l-.d~ 

Figure 2.22 shooooaaaoche.rfor.alpo.~.........._..-._ 
cathode resistance. Tbe r~ fl!l...a.- .. ...,.._ .. ~ 
11 varied lhiU provldiDC a Dedllodat~....-.. n. ............... 
across the common cathode ~ iJI a .__. ...... .-,a e:-r ~ 
twice the anode llignal. 

The operation of clow lamp ..... ......._. ts -. • ~-.. 
operation of the 11awtooth occilWor. ~ ......_ .r ~~ 
and .111upply voltage are moNl crltlcaJ lB dw ......... ., .. ....,..._.. ..... 
for tbe higher frequencies of osclllatlcm tM .....,-~ ....__,......_.. 
critical. The result Ia that even lhoa8fl tM f~ fill....-- ... -... 
cl011cly predicted by use or the equat!OM Ia tJus ~ .. ,........ ~ 
may require changea In lh~· parmetera In ordel- Ut...__,.__......_ 
waveforms and frequency. 

Fig. 2.23. Sot:ic MvltivibroiOI'" Showing Stray Capoc:itonc:e5. 

In general, the glow lamp multlvtbrator Is reliable for frequencies beloow 
about 2000 cps. The major requirement Ia that the load realstance Ia not 110 
lArge that 8 CCondary aawtoolh oaclllatlona occur. The baste multlvlbuto r 
c ircuit Ia redrewn In Figur e 2.23 ~h.owlng lhe atray capacitances acrou 
the lamps. Note that each lamp cons idered 11.lone with Ita load resistor and 
stray capacitance forms a baalc sawtooth osclll11.tor . f'lguro 2.24 shows a 
circuit In which the large values of resistance have resulted In unwanted 
oscillations superimposed upon the dealred low frequency. The low frequency 
Is approx:imately 1 cpa and the high frequency oacl\latfona are approx:1mately 
1000 cpa. _______________ ,, ______________ _ 



Fl·· 
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Fig. 2.2-i. Undesired Oscillations Res~o~lting from Too 
Lorge Voiuaof l.ood Resii!Of. 

OIHicultles with unwanted oaclllatlona may normally be avoided If the 
load retlatance Ia kept below one megohm and care Ia taken to minimize 
the stray capacitances abuntinc tbe a:tow l&mp.. 

Atl mentioned prevloualy, 111.ble frequenc:lea greater th.atl a.bout two 
kHocyclu per aec:ond are wu.ally obtained only ""'hen lhe proper ,.htea of 
realatance, capacllance, and supply voltare .roe fOWid uperlmenr.lly. Tbe 
higher the deal red frequency becomes, the more difficult It Ia to obtain the 
de¥1rcd output and the value <J( the supply voltlll"e In JMrllcular becomes 
quite critical. AI before, conatderation must be made of the alte or the load 
reailtance. Flpre 2.25 ahowa 1 typical medium frequency cirCUit and out­
pula In which the v&iue of load reMilllfll\ce Ia or a proper valua to elim inate 
secondary oeclllation.~. 

·-· ~· .. 
~ ::::::-:;-'"' 

"t•IV~H 

Fig. 2.25. GlowlompMultiYibrotot. 

\\<Den \ISing JIOW lampa In multlvtbrator cl r culta the normal pr~autlona 
of providing aunlclent exterru.l lonlr.lng sourc'u and proper ahleldlnJ ahould 
be obser ved for best operation, The mullivlbl"ltor circuit will perlorm In 
eaacnUally the alll'le manner u the nwtOOth a.ctllator In .o fu u the l'freell 
of t.emperaluNl, drift, radiation, etc. 

APPLICATIONS 
Thla ~ctlon will deacrlbe a few of tho many possible applicatlona !or thl' 

glow lamp In relaxation oa:clllator clrculta. 

;:I TM Electronic Organ 
F.lectronle orl{ana hAve prcaentcd an lntcrcal\ng J !OW lnmp IIAJII<'l\llon 

------------ ~ ------------
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In which the lamps are used cu1 tone generators. A numtH-r of gl0111' lamp 
sawtooth osclllatora are used In frequc!Kly divider chnins where the frequency 
or each oscltletor Is divided by two, eorrcapoodh1g to An octave cha~~~tc, and 
Is synchron!l'.ed by eltbe r a master oscillator or by aome preceding oscillator. 
G<!nerally the highest fn.>quency glow lamp oscillator In a par ticular chain 
Ia synchronized by tOO master oscillator which Is normally a vacuum tube or 
transistor circuit. The following glow lamp oscillators In each chain arc then 
stepped down IQ one·half the frequency of the preceding oacillator, Synchroni~a­
lloo of each oscillator Ia required sln<:e unsynchronh::ed glow lamp oscillators 
do not have tho degree of st!lb!lity rcquirad for organs. 

Ono lype of synchronization which h~a been used successfully In organ 
nppllcations Ill shown In part In }"lgure 2.26. The sawtooth oaelllo.tor ii:J com· 
posed of two glow lamps with rel!lstor- n, llnd caJlllcltor- c 1 as the main frcqueney 
determining eh.•menta.. The aynchronl:r:tng signal ts fed to the common terminal 
or lrunps N1 a nd N2, thus offering ahlgb lmpedence to the sync signal. Capacitor 
C1 h111 a value appro:dmatcly one-tenth the value of c1 so that the total capaci· 
lance of the branch composing <; and c1 Ia Rpproxlmately equal to C1. The 

output signal atfrcqucncyfo/ 2is thwl reduct:dbya£actor,~ • O.l. Cap~c\tors 
c, aod C1 form a voltage dividing networ-k for the sync signal of the foll0'41nc 
stage. The valuc<~OfcapacllorsC1:~ndC1 Are about CQUftl and the total capacltan~ 
of the bnmch composed of C1 and C1 Ia much \e11 than the valutl or C1: thert!­
fon,), C1 and C1 ha\'e a negligible cff(.'Ct on the fr-c<~ucney determining units. 
The following 11lsgtJ is aynchr on\7-cd bythesharpnct(atlve pulse as the capacitor-s 
discharge thr-ough the glow lamps Nt and N2. The conr!gurat!on or the capacllive 
network has the added advanthl(c that the Plll!!e geoerated acrou lamp N.f .,.hen 
It rlrcs Is greatly attenuated in the buck trnnsmlulon fltllh to lhc output •t 

+V 

fig. 2.26. Bosic COI'Ifigurotion of Frequency Dividing 
Ton., Genl!rotor. 

------------- ~ -------------
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------------- RElAXATION OSCILLATORS 

fo/2 so that a negligible amount of the signs! from one oscillator Is coupled 
back to the preceding outptlL 

The free-running unsynchrunl7.t.-d-frequency gf toti Ch oscillator Ia acijulted 
for n fr«Juency slightly lower th11n on&-half the f r cqucnc.v of the preceding 
oacill:ltor so that aynchr onl:>aUon mAy be ACC()mpllshed. 

A circuit 11hich divides by four Ia shown In ~·tgure 2.27. The synchron-
11.\ng signal I !I a a into wave obtained from a low impcdcnco source. The fir!!l 
oscill:ltor stage con~:~i818 of a single glow lamp wtth the synchronl1.ing signal 
tnj.-.cted across a 20 kilohm resistor In the cathode lend. The lamp Is pttralleled 
by a 5.6 mel(ohm resistor t'xpcrimt•ntally cho.scn to obtain the proper fre­
quency for th<J !In>! Oliclllntor. 

The n<.!d tii<O lllp,gCI:I po,!r!Orm the frequency division. t:sc:h s t age consists 
o f t~~o·o ~tlov.• Iampi! In the sawtooth oscllh1tor configuration described previously. 

Fig. 2.27, Typical Frequency Dividing Chain. 

With an input s i ne wave synchronldng ~:~ignal of nvc volts RMS the output 
frequency was stable over a range of G!l tn UO cyck11 per tiL'Cond , thus pro­
viding I! wide frequency range for adjw.tmcnis when required. 

For n more complct~ description of the glow lamp tQnC ~~:cncr~tOrli and the 
(I!ISQC'lau .. -d circuits ukd In the electronic Ol"jjan the reader Is rrfcrred to tho 
refe rence listed nt the end of tfw chapter. 

Variable Freque ncy-Vorioble Pulse Width Generator 

::J Is u~~~r~~ ~~~~::o;ss:U!t~l;c~l~v;n :;~~~ ~r~~;;a~l:,~r~~~~eb~:vn~~~~~~~:~~; 
pulse width. Ve ry low repNitlon ralt•s may lx• obtnlned frQm thc genorator. ::!J f.'or the compone nt vp lucs Plf llhQ\o\n In Figure 2 .. 2S the uccompanylng wnvc­
Bhnpcs \l<crc ob\fafncd 111 a nomtnnJ repe-tition rate of 220 pulse¥ per 1cconrl .. 

------------~ ------------
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'!"he 500 kilohm potentiometer with the center arm to the supply vollage 
provldel the variable puiH width wilh esaentlally no change In frequency 
when tbe lamp Clrtrc and cl(Ctnrulshlll& volta(cs are somewhat matched. Thl­
frequcney of oaclllatlon may be varied by changing the value of C or the 
1upply voltage or both. The output Ia obta.lned Crom I 50 kilohm potentiometer 
which thWI provides a varlllblc nmplllude output wilh a maximum or about 
5 volts peak. The diode network Is LUit!d to flatten the top of the pulse whldl 
normslly may have a decided 1lope. Tbls dlode network may be ellmlnsi.C!d 
depeQC:Unc on lhe particular appllc.llon. 

Time Deloy Reloys 

··B;:.: .. ~ 
... • "' 11,000 ..... . •••••u 

Fig. 2.29. Time Deloy lteloy. 

f'I(Ure 2.29 ahO'IQ: a conftrurallon in which a 1low lamp Ia used to operat~: 
1 relay arter a time delay. Arter voltage Ia applied to the dreult the voltqc 
acroea the capacitor be(lns to rise as In tbo normal manner of e sswtOOlb _______________ ,, ______________ _ 
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generator. When the firing voltage of the IIUflp It reached the lamp fires 
allowing a flow of current to pass through the relay. With the components 
properly choeen the relay will then operate. A contl\ct of the relay can be used 
to seat the relay In, thus providing a one-shot time delay relay. 

In the circuit or Figure 2,29 a miniature r eed relay Ia used. The coli 
Ia wound of 15,000 turns size 44 copper wire with a resistance or 3500 ohm!f. 
The time delay for tho component values aa s hown Ia abol:.t 20 seconds. 

,of~ 

Fig. 2.30. Repetitive Time Delay Reloy. 

Figure 2.30 s howa another type or time delay relay In which the relay 
cyclc11 on an off Instead of sealing ln aa did the relay of t'lgure 2.29. When 
the rleing voltage acroa~t capacitor c 1 CIUUJea the glow lamp to fire the resultant 
current flow 111 amplified through transistor• Q1 IUKI Qt and cnergltes the 
relay. The glow llllllp quickly drops out of conductloo thus placing a very high 
lmpodance between tbe ll1C1 charging network and the transistor network. 
Capacitor c 1 then lxogint to discharge through the high Input rcalsLance of 
t ranslst.or Q1 which cau1e1 the collector voltage ol Q 1 to slowly rise. Y.'hcn the 
voltage across the relay reaches the dropout voltage the relay dc-encr g11ea 
and the cycle reJM<s.ts. 

Tf one contact of the r elay Is used to shunt c 1 the capacitor Ia not allowed 
to charJe up while the reiiQ' Is c ncrgh.ed. In ackUtion,the capacitor voltag~;~ 
Is decreased to ne11.r zero pol.ential thWI resulting in a longer charge time. 

1-'or th.e circuit of t'lgure Z.JO employing the reed relay or Figure 2.29 
the total cycle lime Is 55 seconds, with the relay energl:ted for 15 seconds 
of the cycle lime. --

------------ ~ ------------



Alorm Circuit 

Fig. 2.31. Glow lomp Avdio Alorm Circvil. 

Dy making use of two sawtooth osc111ntora with on~ mOdulating the oth•·r, 
ll glgnsl can be produt:l'l.i which may be uaMI aa an audio siren or alarm. 
Figure 2.31 s hows one n1cthod employing th18 teehniqoo. The first rw(WI 
oeclll!llor osclllate-8 ttl :. low frequenocy and the output slpal Ia Wled to modulate 
the aupply voltage for thl'l second 08Clllator which opcralc8 at u bi!lhcr fn • 
quency. Tho va.ryin& audio frrqueney 8lgt~al "'hen ded aa an Input to a lllpt·'lk• r 
sy111tcm gives the err~t of a »I reo and may lx- used for altum purposes. 

light lndic:otor 

The output frt'{fUCn<'Y of a glow h.mp ea.., tooth oscillator Is ft funcll" 
(){ lhf"IIOI!od rellslanCt! lnHf1rll•l< "''llh tho> lnmf"\ lln.-1 hyv11rylnl( lhls " '"llit lll"IC'" lhv 
output frequency muy bt.' v~~.rlt'd. Figure 2.32 •how• a sawtooth oscillator 
employllll a photoconductur n• :1 vt~rbble re!!lal!lnct'. Thus the output rn~rlul·n..· 
of th-e oscillator Is 11 function or the light lnell.len• llPOil the photoconduo.:tur 
the ro:oi!IIIJtlliiCL' of the pbotoconductor dccreasi!IIC for tner"'asing light lnlt·n~IC\. 
1"bc vnlable frequency output mnv be used to provide a flignal for ft &Jl(.'ak. r 
svstem thllS giving 11n audio tndh•atiOII of tlw lla;ht on the pliotoo:onduC"t"r 

Fig. 2.32. light Indicator. 

Uy us ing n potcnlionwtor to 111hunt the phOot(.IC{)n(luclor, th(' s tartlllg conl"llllon" 
or thoJ o>~tclllator m av b.! 111Umewhut eontrollrd. Thus the oscillator m:tv '"-' 
adjusted IJO thnt ll wtll ))('gin to oacl llaw only when p, ct· rtuin leve l or llorknc·"a 
11urrwnda the phot<.K·onc.luctor . . \lao b.v pn>p(•r llclf•dlon o( the photoconductur , 
r l'slstnm:c, capo.citn~. 111111 11upplv voltagl' the lamp ma.v bt.• mallc to uselllnh 
In the dark and not In the light, o r altcn~all:~h· to Ml'lllntt< In light and to c .. ·~~..­
o,.clllnth'lt in the dark. The ootput n1av then be used ;u a signal source for a 
l~:lkl!r 8VIih!m which ,.,.ill l(h·e an sudlo lnlllcat lon of \h(• absence o r pre1cnec _______ ,. ______ _ 
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-------------•"ElAXATION OSCILLATORS = of IIJbt In an area which may be tnacccaslbl@ to lhe lndlvldWII. A non-06clllatory 
circuit for aensing light lew Ia will t:Jt. described under Miscellaneous AJ)Illlca­
tlons In Chapter Four. 

Temperat~o~re lndlcotor 

Fig. 2.33. Temperature lndicoiOf', 

In a manner similar to the llgbt Indicator above, a thermistor mav bl;o 
u.ed u a variable rt'Siatance In a glow lamp Olldllalor drcu.il 111 ahov.n In 
flgt~ro 2,33, The thermistor hu a resistance which decrCaiK'a with tncrenlntt 
tempera.tw-e, The frequ.t>ncy output or the oscillator Ia thus a function of the 
U!mjX'rUurc or the environment In which tlw thermistor 11 plaec>d and the lillnal 
mlly be uaro to tndlcnto h'nltlM"Rturc either b_v direct frl!qucncy ml!aaurcment 
ur by using the output to provtd~ a algntll for R IIX'Rkl'r 1ystcm and thus glvlnJ: 
an audio IOO!catlon. Non-oeclllatory clrcutta for sensing both temperaturo 
and humidity levels w111 be d<'1crtbed In Chapter t'OI.lr. 
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LOGIC AND COMPUTER 
APPLICATIONS OF GLOW LAMPS 

THE II NARY NUMIER SYSTEM AND LOGIC OPERATIONS 

The Binary Number System 

way~o~ ::~q:!,~wl~t!:l~~ ='!:'c~~;;o.nl~;!:~r ~~::n7 ~~~!~\h.:~~~:,'::: 1::.1 
lhe U8e of two-level identlflcatiOfUI such u ''yes" and ••no••, ••one•• or '' ~'ero'' 

:;·~:;~o;~·aO:~:~!r~~re."~'t'::e~:~~.~:,;'.~~. =e:!~e~c~~~~~::.~ ~ 
~~be~Yofq~~~~ ~~~o~.·~e:u~.fi~:~~h:"~~~~~:; ::e ~r:,!~ ~~~":: -= 
phr .. ed. 

eac~"o~•r=~~U:~c~':~~:_rn,~:~•ote: u:e :::n~~~r.byT~:.:wn of -== 
1963 •1x iOl•9xt01 +6x101+~x 1" • 1000 +900+60+3 1::::' 
(note: 10' 1) 

Thts may also be thought of as I unit of thousands, 9 units of bundruds, 6 unlta -=:= 
of tens, and 3 unl~ of ones. Ukewlse: 

.638 6 X 10'1 3 X tO"I t 8 X JG-1 8 + ,03 + .008 

we refer to the decimal number syatem u a bue tell lyltem. The bue of OllT 
number system also dcflnu the number of multiplier• (1,9,6, and 3 In the ""'' 
example) which Ill"(! taken llmca each power of ten. ThWI in the decimal numt»r 
ayatem we are restrlctOO to the ten numbers 0, 1. 2. 3. 4, 5, 6, 7, 8, 9. 

The b .. e two or "blqry" number 1y1tem ut1Ur.e1 the number 2 (lnatead ol 
10, as In the decimal ayatem) taken to tbe appropriate JIO"oer. ConaCQU('ntly dw 
number of r lllplleu Ia limited to j\Uil 2 values - 0 and I. A few example& of 
binary number. will ahow the tlmllarlty to the decimal 1yatem. 

10101 - 1 x2'-tOx 2S+ I X 21 -tO x 21 -tl X~ {binary) 
16 • 0 -t t i 0 I • 21 tdeelma.l) 

.tlOI -. I X 2·\ i 1 X 2·1 + 0 X z-1 -t 1 x 2·1 (binary) 
• .SOOO + .2500 + 0 .0625 • .8125 {dccl.ma.l) 

1\.01 • I X 21 + I X Zf i 0 X 2·1 -t I X 2-1 (binary) 
.. 2 + 1 • 0 + .25 • 3.2S (dccJmal) 

Noce that tOO "binary point" aepa.r&WI the qatlve powera ot two from the 
pot~lllve ~·en of two (lncludiJ13 zero) jWII aa the ''de<:lmal point" perform a in 
our mor-e familiar decimal number ayatem. 

Any decimal number rntly be converted to a binary number and vlc6 vena. 
Thr.~refora the normal ma tbeml.tlcal opentlona ol addition, aubetractlon, mult­
pllcatton. and division may be performed on blnarynumbera In tbe u.me manner _______________ ., ______________ _ 
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:::=J u for decimal numbers. An example of each operation in both systems wiU show 
the elmllarlty. 

Addition: 

bi.nary 10100 decimal 20 
• 101 
TIOOf 

+5 
25 

Note lhat 1 + 1 • 10 (read u ooe tero) representing I unll of two and 0 unit of one. 

!llbtracLion: 

10100 20 
- 101 -5 
liTI l5 

~ li2!.§. lbat when a "unit" Ia borrowed from the tldjacent column, It Is two which 
Ia borrowed, rather than ten, as to the decimal ayatem. 

=:I Multiplication: 

::I Dlvialon: 

10100 
X 101 = 00000 

10100 
""'i'i"mmT 

10100+ 101 • 100 

100 

~ 
101 

""""000 

20 
X 5 
roo 

20 + 5 • ~ . 
_!]20 
~ 

::I Notice that as we have lowered tho base of our number system from 10 to 2 
we have at the same time Increased the number uf characters nec-essary to deflno 

::1 ~o 0~t~r·d:c~~:t~~C~~ ~~~~~~:~u~:c':1~n3t~~~~~~:~~~ 1!;a~:~~-m~;::::. 
is such extensive use made of the binary system In the digital computer? 

::::1 The answer Ia that there are.a number of electrical ,nd mechanical oom-
poncntl 1uch u glow lamp• , diode•. and switches which s re b!lslcally two state 
devleea capable of being quickly and accurately switched from one state to the 
other. Higher sta te devices, s uch as three level devices, are not so readily 
obtaiDCd and are Increasingly more dtrficult to control. In addition a " yes" and 
"no" type system of Information Ia the slmpleat way for uniquely describing a 
algnai or event, Thus the most common baalc number sys tem uaed In dlglta.l 
computers &nd logic operations Ls the binary or two-sta.to number system, 

FundomentollogitOpefotion• 

The three baste functlooa Involved In logic operations are dcCined as AND, 
OR, and NO'J' opcratlans . The Inputs and outputa will 1ymbollcally be given as 
capital letters (A, B. C, cte.). In genera l, to s how the state of the Input and output. 
the numbers ''1 '' and "0" will be uaed. where a " I " Indicates the presence of a 
algnal and a "0" !Ddlcates the abacnce of a algnal. The notation used for these 
functions lind their OOflnltlona are listed In Figure 3.1 (a). _______________ ., ______________ _ 



LOGIC AND COMPUTER APPLICATION~ OF GLOW lAMPS _____ _ 

A, n. c. etc 
AB, A · R, (AI (8) 
A • B 
i. 
I 

Symlx>la Used In Equations 
A""' B 
A orB 

" True·· or "On" 
"F'alse" or "Oii'' 

(a) DEFINITIONS 

Commut:.Uvo Laws A + B • B +A, A.M : BA 
Associative Law& (A+ B)+ C • A+ (B +C), (AB)C = A (DCJ 
Dl.strlbuthe Law A (8 +C) ,.. AB + AC 
Specia l OlstrliJut.lvc Law (A + B) (A +C) • A+ BC 
oc Morgan'~:~ Th«~rem i\+1i _,_ AB, AD • A+ B 

(b) LAWS 

1 ~ 0 0 .. i 
A+A • A A·A A 
A+ 1 = 1 A · 1 =A 
A+A a l A ·A- o 

A A 
A+AB 00 A(l+B)- A 

(c) RE LA TIO~HIPS 

Fig. 3. 1. Logie Defin itions ond Boo leon Algebro. 

1\8 will be .!!ccn shortly logic funct ions may be rcprcsent:tled In equa tion form 
am/ nlgcbralc opcr~tlonli performed on these equallonll . The mathcmatlcli JX"r­
tnlnlng to thes~ opcntlons is clas~Strlcd tui Boolt:an nlgcbra. Allhough no altt•mpt 
to inst rucl in Boi'Jican algebro wl!! be mrtde her e, rt ~tum mary or the main rules 
used In this branch of mathcmallc:~ hs listed In Figure 3 .1 (b), In a<kliUon thcrc 
arc 1t number of r c lallonshlp!l llsu.-d In •'lgure 3.1 (C) which nid in .'llmpli h•lng 
IOKIC (....:,uallon,;, Tlw read~r 1.!! re!crr~Xt to lhc refe rence list nt the conclusion 
o( thi~ chapter for t~xts '"'" th~ subject. 

The manner In w~lcl\ logic operBtl()n8 nrll !orn~ulatcd and reduced mBy best 
00 llluslrll.IOO by an cJ~nmplc. Suppose that we de11irc w usc a logic YYiih:m tu 
1\Uiomllt!Cillly control the time during which 8 lawn s prinkle r Is In operat ion. 
Let X dcnot (' the output o£ our logic opoc r11tion wltb the value 1 d<"noting that the 
sprinkler Is to turn on u r &tayon a nd the value 0 to denote that the .'lprlnltlcr Is to 
be turned off o r s tay o ff. 

----bt: ~\·~t~od~se the following conditions for determining when the s prinkle r Is to == 
The first eondl tlonlsthatwcdcslro thcsprtnklc.r to oper a te between th<!! hour.v 

or lii'M and Si':\1. Th••n ld the V!lrlablc \ben 1 durlm~ these hours o f the (,hn =:::: 

--------------- ·, --------------- ~ 



= 

----- LOGIC AN D COMPUTER APPLICATIONS O F GLOW lAMPS 

and a 0 for t~ll otht>r hours of the day. In a practical system :. timing device 
could boil used to provide 2 Inputs dopendent upon the nbove condll!On!J. 

l:>'lnce It Is gt>ltcrally not desired to water a lawn while It mny be raining Jet 
the vnl"'nblc D be a I irlt Is raining 11nd 11. 0 If It Ia not r aining. Some type of rain 
dctt.'Ctor wtll p r ovide the Input B. 

To provide a manual operation let variable C be a I whe n placed In manual 
operation and a 0 for a utomatic operation. If it ralna while In manua l operation 
the sprinkler system should turn orr. 

Finally let a fourth var ia b le Doper ate from nn on-orr 11wltch so thnt a I plAces 
the liy&t(•m In opernllon, either m&nutll or automatic, and a 0 will !I lOp th!;! 
llystom from working. 

There nrc thu.s foor varlnblcll In the Iogie problem. In o rder to deter mine tho 
state or the outptit for each or the f)Oflsiblc Input condlllons 11. "truth - tnble" Ia 
made. In the truth-table shown In Figure 3 .2 for the above p r oblem e:J.ch or th~ 
IG jl()S8iblc arrangements or the fou r variables Is shown and the desired output 
for each conditioo Is listed In the column x. 

With the truth-table obt!llned, the logic equation for the syete m may be. written 
down. For each output which Is :l 1 the rou.r varlublt!s a re written tlown with the 
ANU operation connecting them. If R va r lableisn I the letter ie wrluen directly, 
If thl:! varlnbl{' h1 o 0 the lcll(!r Ia wr itten as a NOT. Thus for row four of the 
truth-t Able of Figure 3.2 we obtain A nco. 

A 8 c 
,, 

" Q 
0 0 0 
0 0 l 
I) " I 
0 I 0 
0 l 0 
I) I I 
0 I 
I 0 0 
I 0 0 
l 0 I 

' 0 I 
I I 0 
I l " l l I 
I I I 

D 

Q 
I 
0 
I 
0 
I 
0 
I 
0 
l 
0 
I 
0 
I 
0 
I 

X 

" 0 
0 
I 
0 
0 
0 

0 
l 
0 
l 
0 
0 
0 
0 

A 1 6PM to !!PM - Desired Time 
0 OtlWr llours 

D 1 Raining 
ll Not Raining 

C 1 Manual OpC11l~lon 
I) Automatic Operation 

D 1 System ~ 
ll System Off 

X 1 SJlrinkhH' ~ 
0 Sprinkler OCf 

Fig. 3.2. Tru!h-Toble for Somple Problem. 

each IVW w ith un output of 1 Is then eonnectt.'ll tq::ctbe r with an OR operation. 
T hus the logic l'quatlon for tht' truth-t11l>lc of f"igurc 3.2 Is: 

(3.1) 

The next !Hep Is to reduce thl' o..-quation, If reducible, to a more !llmpll'" form. 
One m~thod of n-ducing Is to use the i!IWI!I and relntlonshlps of F'lgur tl 3.1. 
For nlhC'r mNhods of reducing Booil'"Rn equQtlons the reader !s rercrrcd to the 
refer ences listed at the end of the chal)tcr. _________________ ,. ______________ __ 
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One reduction of equallon 3.1 wou.ld be the following: 

X .. (Afic + AfiC + Atic) 0 
~ (AC + AC+AC) Do 
- [Ac + A{C+C)] Do 
• (Ac +A • ll Bo 

x "'cAC+A) Bo 

(3.2) 

(3.3) 

(:!.4) 

(3.5) 

(3.6) 

The final equation may now be described by a achematlc diagram showing 
the ordering of the logic operatlonl!l In the problem. One type of schemat ic 
diagram Is shQWn In Flgurt 3.3 for equation 3.6. In general, several forms of a 
logic equation may bo obtaJnod and the flnaJ form choee n Ia that which Ia most 
compatible with the circuitry or equipment which will perform the logic operation. 
The next atep then Is to obtain the clrcu.lts which will perform the logic oper­
ations. 

Fig . 3.3. Blvck Diogrom for logic Equa tion of Sc.nple Problem 

LOGIC C IRCUITS EMPLOYING GLOW LAMPS 

The operating characteristics of tho glow lamp make It an Ideal device in 
logic circuits where high 1peed of operation Ia not Important. The power con­
swnptlon of these logic ctrculta Is small and In addition the circu.!t11 may be 
constructed at very low cost. The circuits m ay be designed so that small 
chang:u occurring In the operating characteristics of the lamp will have es­
scntla.lly no effect on the operation of lhc logic circuit. In addltiOfl the opcnllon 
nf these logic clrculla Is generally Insensitive to small changes In the supply 
vo!ta,ge1. Thla sc.-etion will diacuss the usooflhe glow lamp in AND 11nd Oil gates 
and then combine these glow lamp logic circuits with conventional NOT cl rculll 
to rceult In workable logic OJ)I:U'atlona. 

Glow lomp AND Gote 

Figure 3.4 shows the basic configuration for a glow lamp AND gate with 
two Inputs. The supply voltage Is chosen to be larger than the !Iring voltage cf 
either lamp so that with the Inputs A and B at g round potentia l one of the lamps 
will be conducting holding the output voltage V 0 at the maintaining voltage of 
lhc conduc ting lamp. Norm•lly the conducting lamp wi ll be the lamp which has 
the lowest firing voltage. The normal ope ration of the AND gate re8u.lla In a rlll lng 
output signal only whcr~ both of the Input voltages rise. 

Two s lightly different modes or operation ~xlst for the AN D gate depending 
on the magnlhtdc of tupply voltage. Consider first the case where the supply 
v¢ltage bt only slightly In excess or the breakdown or one of the lamps. Rc· 
fcrrlng to Figure 3.5 assume a supply volt~~ge or +80 volta with v.,, "' 75 volts, _______________ ., ______________ _ 

----
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:=:f-· 
Fig. 3.4. Typicol 2-lnput "AND" Gote. 

··~~ .,_;w 
Fig. 3.5. "AND" Gote. 

•• ·::..rL.f1_ •• ·::..rL.f1_ •• ·---= . ::..rL...f1_ •• ·::..rL.f1_ 
::I ~<) .. -,-.,- "o::~ •o ••-,-.,- •o~ 

= Fig. 3.6. "AND" Gote Wovefonm. = V., 1 55 vo]\!j, Vn 70 volts , v)l2 • 50 volts and a two-!ltatc, Input i!lq\JAre 
W;.t\'c .;I !(no I of 0 or 1-10 volts. Also &.Uume that the extinguishing volhtge or each = lnmp Ill equal to the malnt:l.inlfiK voltage. 

Vdth both Inputs at zero the output will be low at the maintaining \'Oitase of 

::J ~" lh~~~n:~~~:~~::~~~1:r:1~~~~~e v:!~:::~ ~~:o:~h~r 1!a;::~;fll~l~~~s1~::~~ 
firing. This condition Is shown in Flgurt! 3.6a. If both lnJlUt s now rise t ogether 

~ :~;4~~~::~ :~et~~~~:~~~~::r::,~a::c;f ~~~,;~~.be,;~~~~~ ~~~~f ~~~~::,;:~c:1~~ 

~ -------- ··--------
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conducting and the output voltage will rlae lo the aupply voltage of +80 volta. I:: 
ThUH with. V11 and V8 !!210 l'!qual to +40 volta the AND gate will gtve an output 
pul&e of 30 voh1 above the quleacent level. Tbl1 oaae Ia ahown In Figure 3.6b. 1:: 

Conatder now Lhc caaca where V11 ,. V8. If V11 • +40 volta and V8 remains 1.1 

zero volta the .output voltage v. remains at +50 volta due to the clamping action ~ 
or the already conducting lamp N2. ThereCore Nl will remain non-cortductlng, ~ 
N2 will remain conducting, and the output voltAge will remain at +SO volta u 
s hown In Figure 3.6<:. If V11 ~ 0 volta and v8 rlaea to +40 volta a dlfrcrent result ~ 
1¥111 be obtaJned atnce IRmp N2 h• usumed to be the orlglnRily conducting lamp. ~ 
This situation Ia shown In Figure 3.6d. As v6 begtna to rlae v. a lso begins to rlae 

~l;c=1~ ~ ~~h~ct;~~n:.~=~~~ h::,;~:"!tt~2 +~11~~~e;~~~;;;'.t~e/:t';: 2::::= 
~~:!:: ;:nN:h~: :~~~~~ 1~Js=11~~i~~ ,'~:S :;~~/~~=~:~:h~t~ ~~!: 1:= 
maintaining voltttge or Nl. "s V8 falls back to zero the output voltage will remain 
&t +55 volta and now lamp Nl Is In the conducting s tate. 1:::::! 

Thus an error algnal of5 volta Ia produced due to the differe nce In maintaining 

=~lt~~~\orwl~e ~;o ;;:'':·r!~,';:i;~11t~!u~1:,:.r~';;~~~ t71~e~r~~:~~~=~ I:: 
of a level whleh cannot be tolerac.ed the error mt~y be minimized by matchilJIS 
the tampa of the "NO circuit or by uatn.g the following method. C: 

It will be noticed In Figure 3.6d th&ta second pulac doea DOt reauh In a further 

~;;o~~n .~:O:t:ti11~n~~t::: r~~C:~~~::, C:'"wC:1t1 .~:~:;!~~r~r~::::'~U:;! I:: 
pulsca make upthelnputalgnt.l tothe"ND gate, the first pulse may be considered 
to boo a "ect •· pu)se and the second pulae to produce the dc11lred ()\.ltput. Thu.s C::: 
one mCJthod of compenaatinc for the 11igna.l error Introduced becaWJe of the lamp 

=~~:~~:::~: 1!:1ct~pe"::u::. ~.1 ~~~~~f,,';;.~~:~ ~~~~o~e~;:::-ut!a";; a= 

• tiO~ 

··=:t-~ .. .. 
~r,•U• ~r,·•o• 

.,., .... ~· •o• 

•• ·::_n__n__ •• ::n_n_ .. ·- -­
•• ~:_n__n__ •• ::_n__n__ 

~--,-.,- 'lo ::~ '(g .. -,-.. - Vo\t~ 

Fig. 3.7. Waveforms fof •AND" Gate with Lorge Supply Voltage 

------= .................. ., .................. === 
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In lhe available operations per second of a logic ayat~m; however, since glow 
b.mp logic clreulta are euentlally low speed systems thia will normally be of 
no cooacqucnce. 

Tbe output a ignal for the previOU8 AND gate Ia the difference between the 
aupply voltage and the maintaining voltage of the conducting lamp. Hence the 
output signal amplitude may vary u the supply voltage varies. In addition, since 
It Is pos!llblo that either lamp mRy be initia lly conducting, the amplitude of the 
output signal wHI dtlperd upon which lamp Ia conducting. The variations In output 
voltage may be minimized by operattng the AND gate from a higher aupply 
vollage. 

Conalder that the aame lampa of Figure 3.5 are being uaed with a aupply 
voltage much greater than the firing voltage or the tampa-for example, 150 
volta. The opentlon of this AND gate will now be considered with the voltage 
waveforma ahown In Figure 3.7. 

wtth both Inputs at t.eropotentlaltheoutputwlll be clAmped to the maintaining 
voltage of one of the lamps. Aa before, conatder that the lamp with tbe lowest 
firing vohago Ia Inti ally In the conducting alate with tbe other lamp non-con­
ducting. 

Now If both Inputs rise to -t-40 volts tho voltl,ge acrou the conducting lamp 
will not fall below the e~tUngu.ishlng volt.age or tile lamp and the lamp thus 
romalna conducting and pe.aaea the Input pulse through tbe lamp to the output 
with essentially no change In amplitude or shape of the Input signaL Thla case 
Ia ahown In ••tgure 3. 7b. The other lamp will remain non-conducting atnce the 
voltage acroas It remalna esaentlaJly cqua.l to the malnt.ainlng volt!ll'fl of t ho 
conducting lamp. 

For thla cue where the s upply voltage lsl~tr~e the output pulse will be of the 
aame amplitude aa tho Input pulao to the conducting lamp regardless of which 
lamp is conducting. In addition the output voltage amplitude Ia Independent of 
aupply voltage to tho eJrtent that the voltage does DOt decrease to ll va.Jue such 
that tht~ conducting lamp will extinguish for an Input pulse. The condition lm­
poacd on the supply voltage and Input signal amplitude Ia tbu.a: 

(3.7) 

where v Ia the s upply voltage, V;. Ia the amplitude or the Input pulae above 
grouod potential and VE ta the extlllguJshlng voltage o! the conducting lamp. 

If v,. now rises to +40 volta with V8 at :tcro potential the output v, will s tay 
c lamped to the malntalnlng voltage o! N2 since N2 I• aaawned to be lnlllatly 
conducUI\g. Thu.a there will be no output signal as shown lD Figure 3.7c. 

The coodltlon exlet lll3' for V~o. "' 0 and Ve rising to +40 volta \8 the same as 
for the AND gate of Figure 3.5 with the lower supply voltage. The output voltage 
rlaca QUickly with tbe Input until the firing voltage or Nl Ia reached after which 
Nl ewltches to lhe conducting state and lhe output voltaga drops to the main­
taining volt&ge of Nl aa shoWY! In Figure 3.7d. 

With a repetitive puleed Input slpal, whe1'9. the AND gate Ia lnaensltlvtl to 
normal aupply voltage variations and the dtfforcnce In maintaining voltages of 
the lamps, an error s ignal still exists In the output for the caee ahov.-n In Figure 
3.7d. Therefore, an Input algnal conail1tlng of two or more pulses, with the first 
pulae being a "set" pulse, Ia advised when necessary for proper operation o! 
the AND gate. 

In designing the AND gate the voltagea must be considered aa well aa the 

------------- ~ -------------



LOGIC AND COMPUTER APPLICATIONS OF G LOW LAMPS _____ _ 

vallH' of load realatance R. f'or the aecond type oC AND gate the followlna: con­
dltlona a.re lmpo600 on the voltagea: 

I VIII > VFI - V~t· v .. > VFI- \'loll I 
I v > V;,. VE 

(38) 

(3.9) 

,._,here V1• Is the Input pulae ampllt~ above cround potential, Vr. v,. . and V1 
arc th~ flritt&. maln~lnlnc and extinguishing voltage. respectively, a.nd V Ia 
the •upply voltage. 

l::quatlgn 3.8 Ia required to usure that the flrat pulae se~ the AND gate 
proper ly. 

'• 

IT - .. .. 
{! ., 

Fig . 3 .8 . Equivolen t CircuiT of Glow Lomp "AND" Golf!. 

1'be minimum value of load realatan("e dependa on the maJtimum current 
the lam~ cttn carry. In I[Cncral II is bc~;~t to have the load resistance small 
a! nee the glow llliTip tcnda to be more at.ablt' for currenta near Its rth!d vatu ... 
To determlnr the effect of the load re•latanct~ on the output Impedance of ttu 
AND ~:ate COfurlder that lamp Nl of f'lgure 3.8a Is UWil cxmductiog lamp The AC 
l'qulvalent circuit fO'r tbo nte with til conducllnc Ill tht:Mn In t"lgure 3 .... b. H., I• 
the Internal re$1llta~ of the driving aoure .. and r 11 Ia theAC resia tttoce of lhfo 
l."<lnduNing gl~· lamp. From the equivalent circuli II 111 S<'Cn th!ll the output 
Impedance of t he AND g11c Ia the PftriiiiC'l combln11lton of 1\ and n.+ rb so th:.t• 

/:I lOt 

To obtain an Idea of the magnitude of output Impedance expcct.ed (or an \~0 
gate uawne R. I OK, R ... ZOOK and r., 5K. 

Tht'n' 

R • ~=~:~ :)5 X !OJ 

I<K 

Glow lamp OR Got• 
t•trure 3.9 ahowa the t.alc Z-lnput glow lamp OR l{&te. The OR gato runctlon 

Is to Jive an output wben there I• an Input signal at eltMr or both or the Inputs. 

---------------··---------------
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Fig. 3.9. Bosic Glow lomp ~oR" Gota with Two lnpub. 

Tbc Input ligna! to the buic OR gate must be greater than the firing voltage 
of t>Aeh lamp. With 11n Input greater thBn the firing voltage the lamp will conduct 
and the output vohqe will dten be the dlf(erence between the Input voltage and 
tbe maintaining vohqe of the CODductlng lamp. Ualng the aamc lam.,- u tor the 
A. NO gate of ~'lgure 3.5 the output waveforma for an OK gate wtth J.D Input pulse 
lf -t!OO volta are 11hown In t'lgure 3.10. Note that \lohen the Input pul~Je Ia present 
at both Inputs the lamp with the loweat flrinK potential will fire and the other 
lamp will remain non-eonductlng. Therefore. In thla cue, the output voltage 
•Ill be thl' difference between tlws Input voltage and lhe malntatnll'll voltage of 
the lamp with the IO'IIo·eat firing voltage . 

.. ::___n_ .. :_n_ 

.. -::___n_ .. :_n__ 

Fig. 3.10. Waveforms for Bosic 2-lnput •oR• Gote. 

From the .... ·avt'(orma or t'lgurt' 3.10 It 111 11een that tht' ou1pu1 voltage In all 
cast~~ Ia leu !han !he lnpul \•oi!J.~~:e .. \ ci rculi 11.·hlch minimizes !hie lou In 
voltng~ 111 shown In t'lgurc 3.11. Tho ncgAti~(· blaa voltage V1 muat boo \(•u th:~n 
the extl!lfl'ulah!rtg vol~e of cnch of the l11.nopa 10 thai 11. ll'mp dC'(>a not n >m:.ln 

------------- ~-------------
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conducting after an lnpu! pul.so. Wtth l.he blu voltage present the lamps will 
fire at a lowe r Input voltage and th~ only a amall amount or the Input signal 
amplitude 111 loet In traru~mi sa lon thrO\igb the gate. Tn addition the Input voltage 
need not be as large all for the OR gate of Figure 3.9 where the Input voltage 
amplitude had to exceed the [Iring voltage of the lamps. 

:=:=t--. 
-·· 

Fig. 3.11. Modified Glow l.omp MOR" Gate. 

The design condition• for the modlf1ed OR gate or figure 3.11 are: 

jive!< vll:t' lvtl c: v•:t j (3.111 

[v• > v.,
1

- lv1 1. v .. > Vr2 -l v, l j (:1.12) 

wbere Vr and V£ ar e the fir ing and extinguishing voltagea r eapeetlvely. 

··~ 
··~· 

.. ,,.nv "••""'" 

.... , ..... ""•""" 

.• -;:.___j"L 
~ -::..__rl_ 

~·::..__rl_ 

~-.JL_ 

... :::..rL ·<:.___j"L 

Fig. 3.12. Wo.,.efomu; for Modified 2-lnput "Oit" Gote. -------51-------
------
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The waverorma ror tbe modified OR 1•te with at1 Input or +100 YOita llnd 
a blu voltage of _,.5 volta are ~howl~ In Fipre 3.12. The magnitude of the 
out~t pu.lae above the quleac~t value Ia given by the equatloa: 

V• Vi• - (V"' - V1) (3.13) 

A look at the AC equivalent circuit of the OR lite will ahow It to bo Identical 
to the AND gate. Thus tho output Impedance of tne. OR gate Ia the aame 11 that 
ol the AND gate wttb the value obtlllnod by equation 3.10. 

NOTCir("' i ' ' 

The l'IOT logic function Ia performed by lnvertlrtC the InPUt algnal and then 
reatorlftl tbe voltage level at lhe output. Three typea of NOT cir(:ulta •btch 
may bo WJcd with tlow lamp AND and OU ptea are ahown In Figure 3.13. 
Tbe t ranalator Inverter o( t'lruro 3.13c ts the mo.t commonly used ci rcuit and 
Ia generally compatible with glow lamp logic clrculta. The tran11lator operate• 
In an on-orr manner being elthor In saturation or cutoff depending upon the Input 
alma!. 

:JL-Jy-
·:JL + ·::-u-

Fig. 3.13. •NoT• Circuitt. 

Da•lg"l"g Glow lamp logic Circuih 

Arter the truth-table and Iogie equation havo been obtained for a particular 
logtc problem tbe block dlaKra m may be drawn t~nd the proper lnterconnccllona 
made bet..,.-een the varloua logic blocka to be uaed. At thla point It mutt be 
determined whether the logic ayatcm will be direct-coupled or AC coupled. 
U the lrtpUt atgnala aeldom chanc:e It wtll be neceaaary lO deatgn a d irect CCMlJ)Iod 
IQC1c ayalem. ltowever It the lnJ)IIt con.alat. oC pulaea lbe logic ayatem may be 
either dtreet or AC-c~led dependlns on the dealgl'lt'r'a cholee and tho com­
plexity of the locte problem. _______________ ,, ______________ _ 
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In dln_-ct-couplod lotj:lc clreult a one nct..,ork .... 111 be directly connected to 
other network•. Thla lnvolvw a conaldcnlll:lon or Lhe DC voltages In one net..,.ork 
and bow tOO adjacent nctworka must be matched to It so that the complctr 
lll}'alcm will work prOJI('rly. The DC logic ayaU!m generally beeomea mort> 
t."'mpll'X aa the nwnbtlr or logic functions Increases. Due to the DCcculty of 
proper ly matching voltage love Ia between the acparate blocks the numl.ot.•r of 
dlfrcrtnl s upply voltagca required may become quito large, In general, IO!tlc 
aystem8 composed of only a few functions ar e very readily designed with tHrcct 
coupllnc and fewer eom~nta a r e required than for the normal AC IOKic 
~Jyatem. 

:> .. .. . 
: -

Fig. 3.1-4. G low Lamp Logic Circuit (Diract-coupled) . 

Figure 3.14 shows a functional diagrum, truth~tni>IC', and circuit dlttl{t'3m 
for a log1c system ""hlch Ia dln'<.'t coup! rd. Th<' lnpma to th~: tlyl5tcm an• C'lthC'r 
U!ro or +50 volta dcpendin&: on the switch I)Ollllh>n 11nd tiM- ootput Is eithe-r 10 
volta or apprmrimatclv ·3" volts. Thus at thc lnJIUI a •·J'' hJ •50 ~olt11 and a 
• •O'' Ia 1cro volts, ""hllc 111 thto output a ' 'I'' II · 3~ \·oil• anti a •·o·' Ia · I o volta. 
ror thla examplt.> no llttl>mrn wu made to r~:At.orc tht outllUI to lh!' sam(' \"<111-.:c ... _____________ , ______________ _ 

--
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ko'el" aa the Input. The r.ang~ and •·alue11 1.1f the output signal Is gt'nenll.v 
•IC'rnllnt"d by the uae 10 be madt'l or the output, 

In AC coupled log!~ circuit a the main concer n Ia to CilU.plc bctw('('n blocb 
with a mlnlmwn of dhttorllon and loading Qf thc aiJ'Ial. The normal couptln~ cir­
cuit conslsta or 11 cap~~ocltor nnd a real•tor If m .. -...•dcd. In AC coupl.:xl systems tht'r o 
Ia 110t the netod for a IRra;c nwnbcror aupply voltng('a atnce generally one voltr~gc 
Ia a\lfflclent for ttll AND l{atca. one voltage for ull OR gatel, a,nd one voltn.go for 
all NOT circuits. 

. .... (~ 

[ill . .... 

'Y-· ' ' 
"' 

'"_IL ·~· •• 
I I •u• otrt• 

·~·;"· .•. 

f. :·~ 
Fig. 3 . 15. Glow Lamp logic Circ~,~ir (AC Coupled). 

lk'pendln~ upon thu fn_oqu<•ncv nOO duty cycle of the Input signal Ulotic cl••mtJ­
ilij( lllot_v be n'((ulred, t'or low duw (;_vclc lnpuht dlodt· C'lamtrlng Ia gencn•llv 
Mit nN.>d('{! in the COUjlll~ n1.·t~ork. IIOW('V<'r, when aiJrllala or u r~hHin•lv high 
fre-quency un• u.s:'-'<! It ma.v IX' nccclsaryto~mplov c111mpircg to J"('fltor<' lh<' alfCTI.'ll 
to lt11 orll{lnal l~>vel. 

•·tJUN' J.lS ahO\Oil lhc block diagram, truth-tab!~. ~nd .\C cuuplod IO(IC 
('lreult fllr a 3·1nput ~v!ltc•m. lliodca 0, ·tnd 0~ lrL• IndiclltC'l.l ror lnciUJI!oolr 

-------------~ -------------
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clamping Is necessary. The main criteria for determining transistor Q, Is that 
the voltages across the transistor terminals do not excccdtheratedva lues. 
Either PNP orNPNtransiatorsmaybeuseddependJng upon the voltage and signal 
polarities of the system. For the clrcuH of Flgure3.15 anlnputvoltageof35 
voltspeakresultedlnanoutputvoltageofabout29voltspeak 

Although the AND and OR gates of these examples have only two Inputs 
there Is essentially no Hmlt to the number of inputs possible. For example, 
Figure 3.16 shows a five Input AND gate and a three input OR gate. 

·~··· . . . 
'.·.·~ 
0 X•A•co~c~-v. 
Fig. 3.16. "AND" and "OR" Gotes with Multiple Inputs. 

The Inputs to logic gates are typically square waves with relatively fast 
rise and fall times. Due to the Ionization anddelontzattonoftheneongas in 
~h~C~low lamp the frequency of the Input pulses Is normally less than about 

...... ~ 

Fig. 3.17. G low LornpSquareWaveResponse. 

Figure 3.17 showstheresultsofdrlvlngaglowlampwilhalOO volt positive 
square wave at a frequency of 450 cps. Notlcethattheclrcuills similar to 
an OR gate- the difference being, of course , thatonlyonelampandonetnput 
arebclngused. 

of Joh:~~~:dt~:s;:~~r c~~r~~~ r~:~~8th~~o.:;~~h~hl~~:~s~~~r.:"m~~~t:::.1K.;:~ f:! 
leading and trailing edges of the Input and outputslgnalsareshown In more 
detail In Figure 3.19. The fall time of theoutputsignallsapproximatelythe 
same as the input,beingontheorderof5mlcroseconds. 
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Fig.3.18. LeodingondTroilingEdge5ofSquoreWoveRe5ponse. 

The upper waveshapea of t'lgure 3.18 show the rise time of lhe input and 
output signals. The delay In the output waveform laduetothetonlzatlonofthc 

~ 
~;:~~~~t~:.,~~:I{~~~~~~~~~;~;,~~~~~.~;E~~~:~~:~~:~~: 
In the lamp as well as a longer time lagduetothedegroeoflonlzallonofthe 
gas In this case the t1 me lag between theonsetofthepulaearxitheatcady 
statecondttionlsapproximately60micr06eeonda 

~ " " }---·--~~· 

Fig. 3.19. EffectofChonging lood Re5istonceon Leoding 
Edgeof0vtpvtf\JI$eWovedl!lpe. 

The distortions in the outputwaveformsasnotedabovearenotpartlcularly 
serious problema when the pulse widths of the drlvlngalgnalaareas longu 
In Figures 3.18 and3.19for afrequency~;~f45Dcps. Howeverwhenthefrequency 
bt..>c~;~mea on the orderofSDDOcpalhedistortedpartofthewaveformwllloceur 
over a proportionally larger segment of the waveform and may result in errors 
or poor operation of thegaUngcircuits. lt maybecomenecessarytouse lower 
values of load resistance to minimize this distortion but it is important to 
remember that lower valuca of resistance result In larger cur rents flowing 
In the lamp and hence a shorter operating life may be expected. 

By increasing the value of cathode load resistance the lamp current Is 
reduced. However a value of resistance will eventually be reached where the 
circuit may break Into oscillations. Figure 3.20 shows thercsultoftoolarge 
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~ ... , .. =r 
~~~- . •o 

OUT~TPULSE(IQ)Csf ---T • J III 

Fig . 3.20. Oscilla tions Produced in Gating Circuit When 
Using large Value of l oad Resistance. 

a load J't.>Sistance - in this ('!\SC ·1.7 megohms was sufficient fot· osci llati ons 
to occur in th e ou tput s ignnl as shown in the figure. Notice that when considering 
the stray capaci tance ac t·o.ss the lamp the A'aling circuit has the same con­
figuration as the s:twtooth osc illator described in Chapter Two. For this renson 
it is important that the load resistance is not of such a lar~e value that the load 
line inh~1·seets lhL' volt-ampere characteristic of thC' g low lamp in the negntin• 
I'Csislnnct• rt.').:"ion. This \\ill normallv limit tht' reslst::tncc t o a value less than 
I nwgnhm. 

COMPUTER AND COUNTING CIRCUITS 

In addition to the logic ci r cu its previously descr ibed the glow lamp has 
app li cation in va 1·iuus otheJ" c ircui t s which may be used In \ow-speed computer 
:-tnd counting oper :lt i ons . Thi s section w i ll describe several o f these circuit s. 

Timing Generators 

gL'nt.•J"atoJ·s p1·oduce :1 scl'iC"s of pulses of a pa•·ticular ft·equenc' 
Tlwsl' pul!o;t•s mav bt•usedtotime events in a compute •· and to 1)1'0\' i d<.· 
thL• logit· ope r•:-ttion s. A se ries of pulses ma.v also be eountcd to gih· 

accu•·nll' lime bus<.• IOJ" lht•timing of some other event. 

,,£· '• 
lF 

Fig. 3.21. Glow lamp Pulse Generator. 

Figure 3.11 shows one tvpe of pulse generator employi ng n sin)4'h:: ~10\\ 
l:lmp. The <.· iJ·cu i t is t•sscntiall.v :1 sawtooth oscillator w ith nn additionnl l'<.'sistor 
H., in st'J'it•s with tilt' ~·]m\ lnmp. :\ s lht' capaci tor chaq{cs up thC' voltage a<.Toss 

.................. 57 ................ .. 
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be glow lamp Inc r eases a nd when the firing voltage is r eached the lamp fir·cs 
the reby passing a surge of cunent through th e lamp as the cnpncitor· qui ckl.v 
discharges. 

The output voltage devclo]X!d across r esistor R2 Is a spike with a relatively 
fast rise time and a fall time which depends on the dcionization properti es 
of the lamp and on the value of capac itor· C . res istor n~ . and the inte rnal 
resistance of the lamp. The amplitude of the output pulse depc'Ods on the prcxluc t 
of the current limes the res i stance R~ so that the amplitude of the output 
signal is larger for larger· va lues of rcSistan CL' . ll owcver· a point i s r·cnched 
"'·he re a further· increase inreslstance res u ltsinessentiall_v no funhcr amplitude 
increase and opera ti on may become unstab le . 

The decay time- o f the o utput s ignal is tlc te l'mined appr·oximatcly by the 
time constant C (H 2 + Rb) where Hb is the dynam ic r es istance of the lamp. 
Therefore in gene ral, a t low frequenc ies wher·e b.rge val ues of C arc required 
the- va lue of R 2 will be small (•!OK) whC'rcas a t high e r frequencies whcr·e C 
is small the values of H: 2 may be mu ch larger ("'lOOK). 

The maximum am plitude of the output signa l for a low voltage lamp is 
norma lly a bout 15 vo lts. Higher amplitudes can 00 achieved by the use of high 
voltage lamps such as -lAB or -lAC. The frequency of the liming pulses de­
pends on the capaci tor, resistances, supply voltage a nd lamp paramete r s as 
pulse generator ope r ating at a freque ncy of 5 KC . 

. ,. .. [f.."" 
-· _, ...... 

r.&\.1. T!fll [ •t l i'UC. 

Fig. 3.22. Pulse Generator . 

Another com monl y used timing generator is the astable (fr·cc- r unn ing ) 
mu lti vibmto r dC'scr·ibed in Chapte r Two. An added adva ntage o f the multivibr·ator 
is that il is capable of prod uci ng r ec tangu lar s haped wa ves wh ic h arc often 
desi r ed in the ope r a tion of logi c ci r c uits. 

Bistable and Monostable Multivibrators 

In add ition to use as a free-running multivlb r·ato l· th e two- s tate c hanlctc risti c 
of the glow lamp makes it an ide al compone nt fo r bistab le and m onostabl e 
multi vibrato r use. Figure 3.23 shows one tyJX' of configurati o n. The ratios of 
the resistances dete rmine whc the r· the circui t wi ll operate as a bistable multi­
vibnltor or as a monostable multivibrn to r. Thcci r·cu it is a lso capable of ope r a ting 
a.s a f1·cc-running mullivibrator. 

The supply vo ltage V must be g reate r th an the firing vo ltage of the lamps 
but not of s uch a value th a t both lamps wi ll cond uc t simultaneousl.v . . \ssume 
that lamp Nl is iniliall.v conducting. A vo ltage will then be developed across th e 

----------------- 56 -----------------
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·~·· .. @-'-<:!) 
Nl Nl 

~-~~ '® 
'• 

Fig. 3.23. BasicMul ti vibratorCircuit 

~~~o~;~;~:i~~~~f~~ie~~dt0t~~ 1 ;;1~~ ~~ ftih::. v;~~a~~~ ~i~~ ~ si~c:qt~:1t tt~~ v_o11t1a~~ := 
where r1 is the c urrent through the conducting lamp Nl. With N2 non-conducting 

Vs ~f: 8~:~~1
1

v:h:~~:a:lrt:t~;f~c:::~::p\~t:d:
0

::a~::::~llt:I~:~~e trigger infXJt === 
:~~t~~~ :~~~~t:~ 1R ~5 t::d~~:~\i~! !~!:i~~~::1i~~h~lt~~e o!rc~~d~~~~~ as the = 

Because of the capacitor C, the voltage at VA r emains low until C can 
discharge, while the voltage v8 remains equal to the supply voltage V. As the == 
Input pulse drops back toward ze ro the voltage Vc also drops toward ze r o and 

~; ~~ d~~r=~~~~·t t~~ 1 ;o~t::e1:~;:r~sr:2N;e;1~~"r~r~W:;t.t~~et~~~~~~~a~~v~~~~ := 
across R 3 will keep Nl non-conduc ting and the circuit has now switched states. 
The next positive pulse will cause the circuit to Clip back to the initial state of 
operation. Thus under these conditions the circuit will act as a flip-flop o r 
bistable multivibrator. 

In order to determine the ratios of the resistances for proper operation l:;::1 
assume Nl Initially conducllng. Then : 

H, 
Vc=~(V-V'-'1) 

where VM
1 

is the maintaining voltage of lamp Nl. Also: 

VA = Vc + V'-41 

V0 = V 

Then the vo ltage across N2 is: 

(3.14) 

(3 . 15) 

(3.16) 

In order that lamp N2 is kept in the non-conducting state the breakdown volt­
age of the lamp VF

2 
must be greater than VN 2. 

Therefore: ~ 
VF2 > Va- Vc (3 .1 7) 

Substituting equations 3.H and 3.16 

vFz > v - Rt ~'n, (V- v,.t> (3.1 8) 
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wh ich reduces to: 

n, R3 
VF2 > R

1 
+ R

3 
V + R

1 
+ R

3 
VMt 

(3.19) 

(3.20) 

Let X = _fu_. Then: 
R, 

(3.21) 

Solving for X: 

x > v:,--v;:, (3.22) 

An identica l equation may be obtained for the conditi on when N2 Is conducting 
and Nl cut-o ff. Then ·the values of r es istors for the bistable m ultivibrator a r e 
dete rm ined from the conditi ons: 

R3 V - VF2 
R;- > ~ 

(3.23) 

(3 .24 ) 

Although the lamps do not have to be exactly matched it Is r ecommended that 
the cha r act e ri stics of the two lamps do not differ by more than about 5 vol ts . 

Figure 3.24 shows the waveforms obtai ned with a g low lamp bistable multi­
vibrator. The input pu lse is 15 volts at the rate of 5 pulses per second. 

Monost able operation may be obt ai ned by a change in the r es istance ratios 
of the basic multi vibr ator circuit of Figure 3 .23 . In the monos table operation 
assume again that Nl is initially conducting and the multi vibrator is stable. 
With an Input pu lse, Nl will be switched off and N2 switched on with a vol tage 
developed ac r oss R3 due to the current flow through N2. However If the r es istance 
ratio of R: and R3 Is of the proper va lue the voltage across R3 will not be suf­
fi cient to keep Nl from firing as the voltage VA rises. Thus once the voltage 
ac r oss Nl exceeds the firing voltage it will conduct and the negative pulse coupled 
through the capacitor C in conjunction with the rising voltage acr oss R3 will 
cause N2 to drop out of conduction . The time during wh ich N2 conducts is 
determined by the capacitor, resistances , s upply voltage, and lamp operating 
voltages. 

To dete rmine the design equations for the r esistances In the monostable ________ IJ) _______ _ 



LOGIC AND COM PUTER APPLICA TION5 OF GLOW LAMPS-----

mu lli vibrntor assume• thnt Nl is the stable lamp. Then th e fil"i ng voltage of Kl 
mustsat isfythecquntion· 

(:!.25) 

Then following the s ame pt·occd ut·c as wilh the bistable m ulli vilJratur the 
foll owing design cond iti ons ::~re obtained. 

F'o t· Nl stable · 

I ~ V- VF:! 

I p.:W) n, v":!- v"' 

I ~ V- VF t 

I n:! v"', - v\1 ~ (:1.::!7) 

when .• VF am.l V" are th<• firin~ ami maintain ing voltages r espectively, 

Figut·c :1.25 shows :1 tvpk:\1 monostab!C' multivibr ntor anrl the output wnn•­
shapcs. The input pulst•s n r e 1\ .) volts at a rate of l.:.> pulses per second. 

Both the bist!lble ami monostablt• C'i t·c uits nf Figm·t:'s 3.24 and 3 .2:; requin• 
input trigger pulses of a t il'ast :. volts JX•nk. The t·atc at whieh thl' muhi­
vibn ttors will opC'ratc J)I'OI)l'rly ckpC'nds on the ch:\J"~ ing and disch:u ·ginp: tinw..;: 
of th e capacitor and on lhl· ioni1ation ancl dl!ionization tinws of tlw g low la mps. 

"'~''".,.. 
@- "'--® 

'• 

<>----1"8 

Mul tiv ibrotor Operat ion . 

"'~' "'.,,. @- ... --® 

<>----1 ,, 

Fig . 3.25 . iypicol Monostoble Multi vibra tor Operat ion . 
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The basic multivibrntor cl!·cu il of Figure 3.23 wi ll become free-running 
if an insuffic ient voltage is developed across resistor R3, Then for free­
running ope ration· 

n, V- VF2 

I R;" vf:- v,.1 
(3.28) 

R, V- VF
1 

I Rz vF,- v..,.2 (3.29) 

A Glow lamp Ring Coun ter 

A g low lamp ring counter capable o f counting at rates up to several hundred 
pulses per second was first reported by Manley and Bucklcyt. A modi fi ed vers ion 
of th i s ring counter is shown in F'igure 3.26 for a count-of-six counter . Any 
even number may be counted by add ing add iti onal pairs of glow lamp-semi­
conductor diode combinations . 

The Input t o the counter consis ts of positive pulses of a t least 30 vol ts 
_ peak. All lamps in the circui t are high-voltage -1 ·\C lamps. Lamps shou ld 

Fig. 3.26. Glow lomp Ring Counter 

1"Neon Diode Rina Counler", J. C. ~bn ley and E. F. Buckley, Ekcuooic•. January 11)50. pp 8i·8· . 
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'J[. m
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Fig. 3.27. Ring Counter. 

be aged for best results and some selection may be desirable, The operation 
of the r ing counter will be described by referring to Figure 3.27. 

Assume that lamp Nl is initially conducting. The resistances~ and H1 a r e 
chosen such that voltage VA is insufficient to cause any of the other lamps to 
fire. With Nl conducting, a voltage is developed across R1 so that capacitor 
C1 charges through diode o 2 to approximately the voltage across rcsi stol' R1. 

If an input negative pulse Is now applied, the voltage at v,.. will 1.h-op bt.'IO~ 
the extinguishing voltage of Nl nnd thus Nl will stop conducting. Capacitor C1 will 
now start to discha r ge through H1 and the high back r es istance of di<Xl c D;. 
Since the back resistance of d iode 0 2 is much larger than the I'CSist anc~ of 
R 1 essentially the full voltage developed ncr·oss c 1 will now appear across 
diode 0 2 with the result thnttheenthodeof N2 now has n large negative pote ntial. 

\\'hen the input trigger pulse returns to zero the" voltage at v,.. l'i ses and 
wlth th~ added negative potential on the cathode, lamp N2 will fire first and 
th e other lamps will remain non-eonducling. 

Capacitor c 2 will now charge to appr oximately the voltage drop across 
t·eslstor R 2 • A second input pulse will exti nguish lamp N2 with the voltage 
deve loped across c 2 now appearing across diode 0 3 as C 2 attempts to di<;­
charge. When the Input pulse again rises to ze r·o v,.. r ises and with the added 
voltngc across diode 0 3 lamp N3 will now fire firs t. 

Thus each successive input pulse has resulted in a counting process with 
the glow lamps being fired in sequence. An output signal may be taken from 
the lamp-resistor-capacitor common connection. This pulse is essentialh­
r ectangular and for the circuil of Figure 3.26 the amplitude of this output 
pulse was about 40 volts. ------- 63--------
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Memory Circuits 

The properti es of the glow lamp make it a ve ry suitable device for severa l 
different types of storage or mcmo r·y circulls . One such memo ry circuit is 
shown in Figure 3.28. 

•m·,JL t'',, .,.,·,_fL "~' 

. ., . ..,9l..J 

"• 

Fig . 3.28. Glow Lamp Memory Circuit. 

The supply voltage V is between the breakdown and the maintaini ng vol tages 
of the lamp so tha t in th e qui escent condition the lamp is non-comJuc ling. 

If a positive "set" pu lse is now appli ed to the input the lamp wit ! fir e a nd 
with the supp ly vo lt age g r ea te r than the maintaining voltage, th e lamp will 
r·cmain conducting. The amplitude of the set pulse must be la rge enough to 
fire the lamp and thus must be greater than thf' d ifference between the fi r ing 
voltage of the lamp and the supply voltage. 

Therefore: 

I v~, > v,- v (3.30) 

where : 

[ vM .:; v .:; vf' (3.31) 

To r ead out of the memory ci r c uit a pos iti ve " read" pu lse is applied to 
the inpul. The amplitude of the "read" pulse must be less than that r equired 
to fire the lamp if the lamp Is non- conducting. Thus: 

I V,ea.~ < VF- v I (3.32) 

If the lamp has been previous ly fired by a "set" pulse the "read" pulse 
wi II be passed through the lump to the output, however , If the lamp has not 
been fi1·ed the "read" pulse will be bloc ked by the non-conduc ting lamp and 
the lamp and the output wil l re main at zero. 

To reset the memory circuit a negative •·reset" pulse is applied to the input. 
The magnitude of this pul se mus t be sufficient to drop the voltage ac r oss the 
lamp below the extinguishing vo lt age . Thus: 

l iv~K· I> v - v, I (3.33) 
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AnothCJ' t ype of memory ci r cuit which i s becom ing quite popular employs a 
glow lamp in conjunct ion wllh a photocond uctor 0 1· othe r type of photosensitive 
device. The> photoconductor has a decreasing resistance as the incident il lumino­
tion is increased. Figure 3.29 shows one ma nner in which a glow lamp anti 
photoconductor may be used as a memory c ircuit. 

·m·,_I1_ •-It¥·~.: . Jl·,..o· 
...... ~:-u- ··- ~·~·~·" 

IIUOOUl 

Fig. 3.29. Glow Lamp- Photoconductor Memory Circuit. 

\\'ilh the glow lamp non-conducling the r esistance of the photoconductor i!'l 
very laqcc and any input "read" pulse will be attenuated by the photoconductor 
by a factor greater than 100 to 1. However if the glow lamp is t riggcrC'd on, 
the light from the glow lamp will cause the res istance of the photoconductor 
to decrease to a low value depending upon the characteristic of the photo­
cond ucto•· and the light output of the lamp. The "read" pu lse will nuw appca•· 
at the output attenuated on ly by the low •·es istancc of the il luminated photo­
cond uc tor. 

Additional information on the operati on of glow lamp-photoc;onductor 
combinations is given in Chapter Four. 
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GENERAL GLOW LAMP APPLICATIONS 

In addition totheappl icat i onsofglow lampsdiscusse<l in the previous chaptCI'S 
thcrl' n1·c a great number of othe r applica ti ons for this versatil e dev ice . This 
chaptc1· will discuss four major app li cations. A reference li st following the end 
of the chapter gives a partia l li st of the many additional glow lamp applications 
found in the literature. 

VOLTAGE REGULATORS 

The maintaining vo ltage o f a conducting glow lam p is fairly cons tant O\'er a 
re lat i vely w ide current range. This characteri stic of the g l ow lamp makes i t an 
idea l compone nt for low cos t voltage r egul a ti on in ci r cui ts whe r e the currents 
involved do not exceed the norma l constant vo ltage range of the l amp. In gcnP I'al 
the voltage to be rcgulatetl must be lhc tota l maintaining voltage of one or a num­
be r of glow lamps in seri<'s. Fo•· best results pre-aged la mps shou ld be used in 
the following applications. 

The most common applicali on fo r the glow lamp as a vo ll agc regulator is in 
providing the sc reen vo ltage for pentodc vacuum tubes . A typ ical c ircui t for this 
applicat ion is s hown in Figure 4 .1. 

Fig . 4 . 1. Pentode Amplifier Employing G low lamps far 
Screen Grid Valtage Regula tion. 

The currl:!nl drawn by the glow lamp must remain within the ope r a ting cu•·­
rent r a nge of th e lamp over the range of screen grid current drawn by th e vacuum 
tube. In aUdition , the cur r e nt d r awn by the lamp must be large enough that the 
lamp will not produce osci ll at ions. Figure 4.2showsa typica l volt-ampere cur vf' 
cove ring the no1·mal region of voltage regulation . The cu r ve is for an 5AB 
lamp. 

\\'hen a glow lamp is used as a voltage regulator the vo lt age will vary s light l.v 
as a function of tempen\ture . Figure 4.3 shows a typical curve of lamp voltage 
versus temperatu re for an 5AB lamp operating at the rated lamp current of 
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•o-• oo· • oo· • 
LAM , CUflllt [NT CAI.,[IIUI 

Fig. 4.2 . Volt-Ampere Characteristic Curve for Aged SAB G low Lamp. 

. 3 milliampere. The maintaining volt age of the 5 .-\B and r e lated low voltage 
types has a d ecre asing te mpe r3turc chan.tclenslic of about .tO millivolts pe r 
degn~e Ccnligradc whe n operat ing a t the rated c uJ· rc nt of the lamp. 

Fig. 4.3. Typical Temperature Response of Glow Lamp Vo ltage Regulator. 

Fig. 4.4. Starting Methods ror Glow lamp Regulators . _____________ ffi ___________ __ 
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By plac ing a large number of g low lamps in s e r ies , high regulated vollagcs 
may be obtained . The total vollagc is then C<Jual to the sum of the mainta ini ng 
voltages of the lamps. 

In ordet• to fire the lamps in a series string several me thods may be used. 
I f the supply voltage is in excess of the total firing voltages of the lamps then 
th e lamps will fire when the voltage is applied. This situation Is shown in Figure 
4.-la. 

(4.1) 

Dy using a trigge ring pul se to fire the lamps a lower supply voltage i s rC'­
quired . . \n application s howing this method is shown in fi gure 4.4b. The :tmplitutlt> 
of the triggering pulse must be la •·ge enough to fire th e lowe r lamp. Once thi s 
lamp is fired the voltage across it drops to tho maintaining voltage of the lamp 
and thus places a higher vo ltage ac r oss the o th e r three lamps . 

The n in ord e r that th e other three lamps wi ll fire: 

(-1.2) 

A thir·d me thod for Initialing conducti o n in the lamps is shown in Figur·e ·Lk. 
When the s upply vol tage is applied to th e ne twork, capacito r C acts as a short 
c ircuit so that the total voltage is placed ac r oss lamps Nl, N2, and N3. The 
s upply voltage mus t be large e nough to cause these three lamps to fire. 

Therefor e: 

(-1.3) 

After the lamps have fired , the c apac itor begins to cha r ge up th r·ough th e 
conduc ting lamps with th e voltage ac ross N4 r·is ing. When this voltage r·eachcs 
the firing vol tage of N4 it will fir·e. Thi s places an additional requirement on 
the s upp ly voltage . 

] v > v~~~ + v,~.~2 + vM3 + vH ] (I. I) 

Another methCKI of s tarting a se ries string of glow la mps is th e usc of a high 
(10 megohms) resistance bridging o ne o r more of th e lamps. This is shown in 
Fi~re 4.4d. ThP voltage across each ln.m p is dete rmined by the capac ity as \\C.' II 
as the •·off" or leakage r esista nce of each lamp in the s tr·ing. 

Thi s bridg ing r·es ista nce reduces the net res istance o f the bl"idgcd Ia mrs 
leaving a large r portion of the a ppli ed voltage for the rest of the lamps in lhL· 
string. If proper va lues are used, there wi ll be sufficient voltage to break dO\\·n 
these lamps. The vo ltage drop ac r oss these lamps will th e n be th e sum of their 
ma intaining voltages. a nd the difference between this and the supplied voltage 
must now be la rge e noug h to break down th e bridged lamp o r lamps. 

Large r str ings o f series lamps may be used for hi gh voltage r egulation with 
firing of the lamps initi ated by app licat ions o f these firing techn iques. 

Preaged lamps such as the 3.'\G-A, 3AG-B, 3AG-C, SA BA, SAB-B, SAB-C, 
SAC, 5AG o r SAG-A work we ll in voltage r egulntion c irc uits. For higher current 
applications, use of one of the SAH or SAJ family should be considered. 
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VOLTAGE LEVEL DETECTORS 

The glow lamp has n very high input resistance pr ior to firing anll afte r firing 
gives a visual indication that the lamp is cond uc ting. Both of these character­
istics make the glow lamp suitable to various appl i cations as voltage leve l 
detcctoi'S. Practically any number of glow lamps may be placed inn series string 
so that vc1·y high voltages may bedetectetl. The current rebruired to give a vis ual 
indication is very low so that eve n afte r the lamps have fired , the detector cir­
cuit may have a negligible loading effect. 

In genera l the voltage required to fire a glow lamp voltage detector will be 
the sum of the firing vol tages of the lamps in the series stri ng, assuming leak­
age resistances a r c simil ar. If higher resolution is requiretl a var iable bias 
voltage may be provided s uch as shown in Figure 4 .5 . By switch ing lamps in o r 
out of thl' ci r cu it a wide range o f vol tages ma.v be de tected. 

'"'"'~: 

Fig. 4.5. Var iab le Voltage level Detector . 

. -\nothe r type of circuit which act s as a variab le vo ltage detector is shown in 
FigUI·c 4.6a. By varying the potentiome te r the c i1·c uit may be adjusted to in­
dicate :my vo ltage greater tho.n the firing vo ltage o[ the lamp. A var iation of 
this c i rcuit shown in Figure 4 ,6b will detect two voltage leve ls. N1 wi ll fire when 
its fil'ing vol tage is reached and N2will fire at a voltage dependant UJ>on the input 
voltage a nd th e ratios of n 1 and n 2 . 

"~) 
"• 1f t 

.. 
Fig. 4.6. Voltage level Detectors. 

These vol tage indicallng c ircuits may be used equally well for both DC volt­
ages and peak AC voltages at low frequencies . 

Several ,·eferenccs at the end or the chapte r give specific applications of the 
glow lamp voltage level detector . 
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COUPLING NETWORKS 

The neon glow lamp can be operated in a condition wher e the DC r esistance 
i s much larger than the AC impedance of the lamp. Thi s i s achieved by super­
impos ing an AC signal across a lamp conducting direct current. The DC bias 
provides a r e latively fixed vo ltage drop a cross the lamp. Under this conditi on a 
DC component of an input signal will be attenuated much mor e than th e AC com ­
ponent. This property of the glow lamp makes it an idea l device for lowering the 
DC leve l in direct coupling of vacuum tube stages. 

Fig. 4.7. Direc t Coupled Circuits Employing Glow Lamps. 

Fl~ •·e 4.7a shows the baslcconflgurallonfordirectcoupling with glow lamp'). 
The plate voltage ofVl mustbcsuchthat the lamps will fire. In se lecting r esistor 
R 1 severa l conside r a tions must be made . The va lue of R 1 In conj unc ti on with the 
plat~ voltage a nd equ iva lent resistance will dete1·mine the va lue of DC cunent 
in the lamp and thus the va lue of the AC impedance of the lamp. In addition tht" 
large r the value of Rl the greater will be the proportion of the AC plate voltrtgC' 
of Vl seen at the gr id of V2. However as Hl becomes larger· th e DC voltagL· 
component on the grid of V2 a lso becomes larger , thus r equiring a larger· cnthodt' 
resistor for V2 a nd consequently more degeneration of the AC s ignal. The c i rc:uit 
com pone nts chosen will normal ly be a comprom ise a nd the largest r\C ga in of 
the amplifier is best found by a tr· ial - and - e n o r app r·onch. 

The plate voltage of Vl may be operated slightly less th a n the combined fir­
ing voltages of lam ps Nl a nd N2 whe n a capacito r is added as s how n in Figur·c 
4 . 7b. This capac ilor serves the same purpose as for the voltage regu lato r c ir­
cu it of Figure 4.-tc a ndthesamcdesignconditions apply. The value of the capaci­
tor may be on the order of only 25 pf so that it will orrcr n high im pedance to 
the AC s ignal. 
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The Impedance presen ted by the glow lamps ina direct coupled circuit va ries 
as a function of the DC current and the frequency of the input signal. At fre ­
quencies below about 1000 cps the impedance of the lamp is essentially resistive 
with the magnitude of the r es istance depending upon the slopeofthevott-ampere 
characterist ic of the lamp at the particular OJ>crating point. 

As the frequency becomes higher the lamp becomes inductive so that for 
frequencies higher than about 1000 cps the lamp may be r epresented by an AC 
equ ival ent c irc uit of a r es istance In series with an inductance. Both the value 
of the r esis tance and the inductive reactance in c rease with inc r easing fr eque ncy. 
In addition the Impedance va ries with the DC lamp curren t. Figure 4 .8 is a plot 
of the effective resistance and r eactance of nn SAB glow lamp operating nt the 
rated current of .3 milliamp. The input AC signal was I vo lt RMS. 

1~:[9"1 J& 
,11[0UI£WCY-Cr5 

Fig. 4. 8. Effective Resistance and Reactance of 5AB Glow lomp 
Operating in o Coupling Circuit otO. 3 Milliampere DC . 

The effect of this lamp impedance is lo intt·od ucc an auenuntion and a phase 
s hift. in the s ignal as the fl·equcncy of the signal is inct·easecl. To reduce this 
e ffec t and hence increase the high frequency response of a glow lamp coupled 
amplifier a capacitor may be placed across the glow tamps. A typica l circuil is 
s hown in Figure 4 .9 with the response curves shown in Figut·c 4. 10 for both 
conditions- with and without a bypass capacitor. The tow frequency voltage gain 
of thecircuitis48. 

..oo. 

' OUT POT . 
INPUT 1•01 . 

Fig. 4 .9. Glow lom p Coupled Amplifier. 
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Fig. 4 . 10. Ampli tude Response of Glow Lamp Coupled Amp lifi e r. 

.\ny number of g iO\v lamps may be used in a direct coupled stage pro\'illed 
th at the applie<.l DC voltage is sufficient to fire the lamps. The magniludc of the 
maximum AC signal depends on the deg ree of distortion pe rmiss ibl e . Norma l!\ 
signal amplitudes of severa l vo lts will have littl e distort ion. 

THE GLOW LAMP AND PHOTOCONDUCTIVE DEVICES 

An lncl·casing number of applicati ons a1·e being found for the glow lamp in 
conj uncti on with photoconductive devi ces. Among these photoconductive dev i ces 
arc the cadmi um sulfide and cadmium selenldc photoconductors and photoscnsilin• 
semiconductor dev ices. The spect r al r esponse a nd light intensity of man.\· of 
these devices is compatible with the light output of th e neon glow lamp. In addit ion 
the low powe r consumption and speed of response of the glow lamp makt·s it a 
des irab le light source. Ei the •· s tandard brightness o1· hi gh brightness ).!"low lamps 
may be used with photoconductive dev ices. 

Photoconductive Cells 

A photoconduc ti ve ce lt, or photocell, is a device whose •·esistance var ies 
wi th the amount of li ght r ad iation impinging upon its su rface . Although ma m 
types of photoconductive materials are in usc, or under developme nt, cadm ium 
s ulfide and cadm ium sclenide a r c pl·escntly the most wide ly used. F.ach offer 
ee rtain ndvantages ove r the other 

The SJ>ec trat r esponse o[ th e cadmium s ulfid e photocell nm·mally peaks around 
5500 Angstroms while the cadm ium se lcnide photoce l l peaks around 7000 Ang­
stroms . Thus the cadmium sclen idc photocell is norma lly betler matched to th(' 
neon glow lamp SJ>t:=ctJ•al emissivity. Howeve r , var iations in the mix, materia ls . 
and pmc('ssing of a photoconductive cell will nllow its peak spectra l scnsiti v it v 
to be va ri ed over a wide range. 

Photoce lls vary considerably in terms of light-to-dark resistance ra ti os and 
in their value of resistance at a given light level. A typical cadmium sulfide cell 
may have a light-to-dark resistance ratio of 1,000,000 or more. The resistance 
of a photocell is normally specified at one or more levels of illumination. The 
resistance of a photocell is a very ne~u·ly togarithmieally linear as a function 
of the illumination. The resis ta nce decreases wilh increasing illumi nation. 
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Sensi tivity of photoconcluctors varies with temperature; cadmium sulfide, 
however, is much more temperature-stable than cadmium sclcnide. In fac t, the 

R::l ~~~~r v~~~~~~~:~~t.age of cadmium selenide ce ll s is their susceptibility to temper-

J:= In ~:O~t:.~leltll~c h~~=~:~~·e:::~rs~~?nsi~~~r~~fr~~~~;~::~~ld ~~:~~~~f ;~;r:~~~~~ 
seconds. The response speed of cadmium selenidc cells is approximately 10 

~ :ril111!!c~~~~~~ ~~J'~:s1~ 1 ~~~~~~~~~ ~~:?~~:~·~0d~~~~~;,\~;~~~e 1 ~~c;i~~~1~1t~~ 
tions the speed of response will normally be limitcd by the photoce ll. -= Several glow lamp-photocell circuits have been given in prev ious sections of 
Lhis book. In addition other applications arc descJ·ibed in the re fe rences listed 

;=I ~~n1:t~o~,"~:! t:;e~h~~t~~n~:.~Y m:~~ c~~~\~,~~ ,.~:~t~~ ~~ct;~~; ~~~r~~:;~~~c~~~ ~~~~~~ 

.. ~~~:f.~i.~if;~~~~\~~~~l~~:~c~:~·~~~~in~;~~~~,~~~:~u~~~~);~s~~;~~:f:~ll~~~~o~\~ -= of :~~c r!J~,~~~~l~;~~itt':t.~~~~~~~~~ ~:~;;n:i~~nr~~i~:~::~ ~v~~~~c ;~~i~~:~~~a~~~ 
.,_... pending upon whether the glow lamp is condu cting or not. In additi o~ _the resistance 

of the photoce ll may be val"icd by v:u·ying the light output or position of the glow 
lamp. This provides a contro l where there is t· lcct ri cal Isolation between the 

~ contro l circuitandtherecciving circuit. 

~~ " ; • 111ft ~·· . ..,. 
! SAil 

~ •• ~M•••~•m" g t~poo IIIIS • .O.VCI ll'! 

§" 
.. 10 10 10.0 
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f ig. 4. 11 . G. E. 8·425 Pho toconduclor Resista nce vs lamp Curren t -
SAB and 3AH (lamp Loca ted 1.5" From Cell) 

Figure 4. 11 is a typical plot of photocell resistance as a fu nction of lamp 
curre nt In the 5AB s.tandard brigh tness and the 3AH high brightness glow 
lamps. The lamp is located about 1.5 inches from the photocell in a dark en­
c losure. The dark resistance of this photocell was In excess of 10 megohms, 

~ and other types are available with even higher resistance. 

MISCELLANEOUS APPLICATIONS 

A variation of the light indi cn tor described in ChnptC'r Two is a circuit con­
sisting of a photoconductor in parnllel with a glow lamp. At a specific light level 
the lnmp will fire, providing vi s un] indication . 

This same pr·inciplc can be used in the design of a tcmpcratur·e indicatOI', 
whic h utilizes a thermistor in parallel with aglow lamp. Here a visual indicati on 
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Is prov ided at a specified temperature by the firing of the glow lamp, or a photo­
conductor can be us<..>dtoscnscthc fir ing and actuate externa l c i rcuitry. 

Likewise, a humidity sensi ng c ircuit can utili?.c a humistor as a VfH'iable 
rel"iistnnce in parallel with the glow lamp. llumistor resistances typic::dly de­
crease with an increase in humidity . Once again, the firing of th e g low lamp at 
a specif ic humidity can be used for v is ual ind ica ti on or to actuate extcrn~ll 
c ircuits. 

Since consistent firing voltage is required for the above applications the use -=:1 
of a preaged lamp such as the SAG-A is recommended. 
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GLOW LAMP TEST METHODS 

TEST CIRCUITS 

The glow lamp is a vc 1·y high resistance device when in th e non-conducting 
state and as such ,·cqui1·cs special ca 1·c when attempts ar e made to measure its 
parameters. The lamp chaJ·ac lcr is ti cs of value to the c irc uit des igner arc the 
firing voltage. th e maintaining voltage and the extingui sh ing voltage. The values 
of these parameters change as a funct i on of frequency nncl assoc i ated circuit 
components so that the type and accurac.v of the measurement depends upon the 
r cquii'Cmenl. Fot· nonmtl c it·cui t componcntuscthctcstsnrt:! usually made easi ly 
and qui c kly . 

Fig. 5 . 1. Test Circuit for Determining lamp DC Voltage 
Characteristics. 

Figure fi. l shows n test setup which may be usell for· maki ng approxim ate 
measurements of th e lamp paramete r s . A voltmeter with a resistance of 20,000 
ohms per volt is s uffi c ient to prevent loading of the lamp circuit. 

\\'ith the vo ltage initi ally at a va lu e below the expected fi ring vo ltage of the 
lamp the voltmeter lead is placed at point A. The supply vol tage is th e n slowly 
raised unt i l the la mp just fires which is indicated visually hy the cathode glow. 
The r eadi ng of the vo ltme t e r will now g ive the value of the rtring voltage of th e 
lamp unde r t.cs t. The DC vo ltmete r probe mav now be moved to point B and the 
maintaining voltage will be indicated. If it iS desired to know th e maintaining 
vol tage at a partieulnt· val ue of current the supply vo ltage may be va ri ed until 
the JJI'O]:>er cunent is obtained - assuming that the resistance Is such as to 
permit the des ired amount of current to flow. The approximnte va lue of c ut• r e nt 
may be obtained by measuring the voltages at points A and B. The current is the n 

determined by the equa ti on I = V,., ~ Va . 

After the main tai ning voltage is me-asured the voltme te r probe mav be re­
tu r ned to point .\. The voll age is then slowly decreased until the lamp cu t'!"e nt 
abruptly ceases. The vo ltage a t this point is the exti ngu ishing vo ltage for the 
given va lue of r esistance R. 

Care must be taken in choos ing the va lue of res is tance R in th e measuring 
circuit s ince large va lues of H in conjuncti on with s tray capac itance may caus e 
thecircuittooscillateoncethelamphasfircd . 
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Fig. 5.2. Test Circuit for Determining Lamp DC Voltage 
Characteristics . 

. \noth<•r testing c it·cuit is shown in Figure 5.2. Two voltme ters may be used 
to avoid t·hanging [('ads. Voltm<'ler V ~ whi ch is placed across the glow lamp 
shou ld be of the e!cctt·osta li c o r v:wuum-tube type of voltmeter with an input 
rC'sistanr:l' greatet· thnn tc·n megohms. If :m e lectrostntic voltmeter is used a 
resistance of ai.Jout 10 to :10 megohms shou ld be placed in ser ies wilh the mete r 
to s upp l'<•ss a lt.'lldency of thC' eircui t to oscilla te due to the meter's capacity. 
Vollmc•ll'l' V1 m•l·d not hnvt.• a \'(•ry high input z·£>sistnncc as its shunting effect on 
tlwlt•stt· ircui ti srwg: li g i U!t'. 

Tht• lu·ing vvltage is determined by slowly raising the s upply voltage and 
not ing thL· value ol voltngt:> mcasun~d o n voltme ter V1 when the lamp just be gins 
t• ;.::I n'\\ or the nmnlC' tCl' g-ives an indica ti on of conduction thr·ough the lamp. 
Cu n cnt shou ld no rmally be close to the lamp's rated value . The Inte rnal resist­
ance of thi s ammete r s hould be less than one per cent o f the value of R. 

\\ith thC' l~mp op1..·rating' nt the dcsi r·cd cu rre nt as indicated by the ammeter 

~:~~ ~:~::: :'::~~\ i ;117l' v~l~~~~v n~~;; t~cr~~dl~:c~~l~~~~~~e~·1 ~,~·,;r~~~c1~~u :~I ~:~ee~ i ~~~~s~~ 
voltml..'ll' l' \' 1 wlwn the lamp c.:C'ast·s conduc ti on. 

II is olt('n ilt·sit·ablt• to mC'nsurc thl' dynam ic val1,1es of firing and extinguish­
ing; voltagt• fo r ;1 l'i l'l'llit in opt•t·ntion; fo r exa mpl e , a sawtooth osci ll ator. Figure 
.·).:J shnws :l C' i n·uit whkh m:w lw usC'd to effectively isolate the g:low lamp cir­
~..:u i t lt·om tlw It•')! cin:u il. The vacuum tube C:lthode follower stage has c ssl'n­
tiallv r~n inlinill' l't•sistanct• nt tht• gr id input so that there is nc•gligib le loading 
on the l:lmp d t·cuit. In addition the input c-apac itance uf the cathode foliO\\ I:'!' is 
\'l' l' \' low sn th:LI tlw totnl cnpncitnnce shun t in~ th e g low lamp is on the ordt>l' of 
onlv n lt-1\ miC" t·o-miCI'O-fal'nds . 

The 11·ansfl·r cha r actc J·istic of thl' cathodt• followcl' mav be dett- J'Illin r d b,· 
\'3l'ying n DC vo lt age on the g 1· id nnd measut·i ng the Cot'I'CSfXmd ing outpul C:lthude 

;~<l·t·;~<;h~i~~ ~~~~:~~;:~e i ~~~~~~1ri~~. ~~~ai;;~~ '~~;~~ ~p~~~:~\n~~~~ ~~·~:~r~;~~~~~ c~:~:~~~~ 
imposed on a DC bias of !X'I'hnps :;o volts ns shown in Figure :l.I.The DC tr.:ms­
fct· chnl'ac t(' L'i stic of th e cnthrnk• followc t· is then approxima tely· 

(5.1) 

whc1·c ,\ is the sma ll si!jna l J\C gnin (less than unity) nnJ Eko is the DC cathode 
vol tage m<'asurcd with llw J.:Tid grounded. 
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Fig. 5.3. Tes t Circuit for Determining Dynamic lamp 
Characteristics with Lamp Circu it Isolated 
from Output. 

m"'" 
,., 

:::~.:~:: . " ~"""'" 

Fig. 5.4. Test Circuit for De termining Approximate 
Transfer Func ti on of Cathode Fo llower. 

\flt·r the transfer func lion of the ca th cxle follower has been dete rm ined the 
d .vnam i c fil"ing and extinguishi ng vo ltages of the glow lamp c ircuit may be meas­
ured by usi ng a ca libra ted DC oscilloscope on the output. 

The ca thode fo llower c irc ui t a lso providl.:!s another means of measuring tht! 
DC firing a nd maintaining voltages of a glow l:tmp. If nn oscilloscope is used 
Y.hich has an output sawtooth swct•p ava ilable at a vc i'Y low frequency and a vo lt­
age g r e ater th an 100 volts this slow ly t·i s ing voltage' may be used as a val'iable 
supp ly vo ltage for a g low lamp with a sc 1·i cs •·csistor us s hown in Figure 5.5 . 
B.v plnC'ing the out put of th ec;HhodC'fo!lowc r to the vert ica l input of the DC os<' il­
loscopc vol tages proporti onal to brcakJown poten tial and the ma inta ining: vo llagc 
of the lam p may be measured from the scope presentati on . The a('lual va lueR 
of the b•·eakdown vo llage anti th e ma intain ing voltage may lht: n be dete rmined b.v 
using lh(' ('(Ill at ion for the transfe1· funct ion of the ca thcxle follower. 

Th is me thod of dete rmining the operating characte ri s tics of lamps is pa•·tic­
ularly useful when large numb('rS of lamps a r e to be measured. 
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Fig. 5.5. Alte rna te Method of De termin ing Fi ri ng and 
Maintaining Vo ltages of Neon Glow lamps. 

CONDITIONS FOR LAMP MEASUREMENTS 

In determining the parameters of a g low lamp ca r e s hould be taken to provide 
the prope r onvironmc nt. Recom mended practices are:* 

1. Lamp measure me nts should be made at room t empe rature of about as•c . 
2. For measureme nts to be made in light the measurement s hould be made 

in an unobst ructed ambient illumina ti on of 5 to 50 footcandles. The lamp 
whi ch is to be tested should be operated in the conduc ting state for a short 
pe ri od prior to measurement. 

3. tn the case whe re It Is des ired to measure a lamp In total darkness t.he 
lamp should be inoperative for a pe ri od of at leas t 24 hours immediately 
prior to tes ting and the enc losure should be light-tight. 

4. Unde r condit ions of life testingofglow lampsthe la mps s hould be operated 
at the specified des ign current while a lso obse r ving the correc t polarity 
of the lamp when indi cated . 

5. Life testing of glow lam ps s hould be interrupted once a day. 

~~~c ;~~~~~~!~~ns may requi re testi ng procedures whi ch dev iate from t ecom- 1::1 
rn placing a lamp in a testing c ircuit care s hould be lal\en to avoid the ca­

pacitive effect of having other objects in contac t with the lamp. These objects, 
s uch as metal plat es and sh ie lds, should be kept at least six inches away from 
the lamp to be tes ted . tn addition_, touching the lamp during testing s hould be 
avoided as error s will probably result . Proper s hielding may be r equi red to 
mi nimi ze the effects or s tray fie lds and radio-frequency radiation which have a 
decided effect upon the firing voltage of the lamp. 

" "Measure~Dr ofGiowLamps", A.S.A., I OEsst40.:h Sueet, New York i6,NewYork. 
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MEASURING THE DELAY TIMES OF GLOW LAMPS 

When a designer considers the use of g low lamps for b is tab le logic e lements , 
he m ust k now h ow fast these devices r espond to pulses . He m ust know this for 
give n types of neons and fo r the operating e nvironme nt. 

Since there are quite a few types of neon devices, and many dtrfc r ent oper­
ati ng e nvironme nts , the e ngineer will probab ly want to m a ke hi s own test s . In 
thi s manne r he wi ll be ab le to compare one neon dev ice to anothe r, lea rn th e 
statist ica l s pread for a given neon type and dete rm ine the effect of hi s ope r ating 
envi r onment. 

A neon' s r esponse to a pos it ive - goi ng turnon pul se (Fi g . 5 .6) breaks d own 
into two factor s, wh ich shou ld be measured separate ly: speed of r esponse and 
vol tage le ve l at whi ch the neon is r etriggered. The test setup in Fig . 5 .7 
measures the fo r mer a nd that in Fig . 5. 10 measures the latte r . 

Both paramete r s are a functi on of the excitation withi n the neon gas . The r e ­
fore tho tests fo r these pa r a meter s m ust include the major e nvi ronm e nta l and 
c i rcuit effects that Influe nce th is leve l of excitati on. 

I 

r ------~~: ----T,•t1 t ta 

i~z ~-------J/'---:+-j ----~:: :~;~i=L 
- ~. -----~f--_+-1 ----la•A~~~E 

~T; =±d 
TIME 

Fig. 5.6. Dela y times ror neon turn-on defined. 

In the first test (Fig . 5 .7), the ioni za ti on t ime , the tim e tha t It take s a neo n 
to r es pond t o a pos itive-going pulse i s the sum of the s ta ti s ti cal time (t. ) r e ­
qu i r ed for the first free e lectron to form in the gas a nd the ava lanche tim e (ta) 
neodcd for the fi r st free e lectro n to c r eate the fu ll flow of e lectrons . 

The stati s ti ca l tim e is a function of the ge ne r a l s t ate of exc itati on In the 
e lectrons at the time the pulse is received . This, in turn, is a func ti on of excita ­
tion r e m e mbe r ed from r ecent ON s t ates and e nvironm e ntal factor s , s uch as 
the ambi ent light level , e lectr ic field strength, cosmi c r ays a nd, o f course, 
the ci r c u it- imposed potential on the elect r odes . It is,a lso a functi on of var ious 
cons t r uction properti es, s uc h as gas composit ion and Isotope conte nt, but these 

• "Mcnu.rinatbc Delay T ime~ g( Gl11w Lamp$ , C. K. Ooupcuy, and R. D. Smilh, Eleculltlic Du isn 
MarchjO, I 96-t • 
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are outside the control of the circuit designer once he chooses a particular 
neon type. 

Ava lanche lime (t0 ) , on the other hand, depends mainly on just the c ircui t­
imposed e lectrode potenlial. 

Fig. 5.7 . Setup for measuring a neon's ion ization time . 

The fo llowing s teps are needed to set up the ionization tim e test shown in 
Figure 5.7 : 

l. Place the neon Inside a chamber, which isolates It from a ll e nvironmental 
effects. The chamber should have provisions for the cont r ol led introduction 
of environmental effects. An aluminum box m easuring 12x 12 x 14 in. high 
ca n be used with the ins ide walls blackened. A cool white fluorescent 
light panel, measuring 12 x 12 in. , can be set in the top with a c lear con­
duc to r attached to the a luminum chambe r. The conductor wi ll sc r een the 
neon from tho stray e lectrical fi e lds produced by th e fluo r escent panel. 
The a luminum chamber s hields the neon from electri c fields and the 
fluorescent light prov ides th e ambient light for th e tests . 

A var iab le impedance can be used to vary the fluorescent's intensity from 
0 to 500 foot ca ndles. A photo-e lectri c ce ll located nea r the neon under 
test , wired to an exte rna l m e ter , measures the a mount of light. The = 
spectrum of the light source should correspond to that of t he intended 

~i!i::~~~~~l~~~ ::do l1~~~~~e~~~~~~~~~tit7::5 ~el t to be a good compromise !I:! 
2. Provide a de powe r source that can be va ri ed between 0-300 v. Since 

neons draw only 0.1 to 1 rna cur r e nts and have high impedances, this can 
be merely a s tr ing of 90- v ce lls bridged by a potentiometer. 

3. Arrange the swi t ch to connect the power source to the test circuil so the 
neon has an OFF time of at least 8 sec. This is necessary to allow the 
excitat ion within the gas to decay sufficiently from the ON s tate level so 
that "remembered" ionization will no upset t he accu r acy of th is test. 
(The second tes t , Fig. 5. 10, will inc lude this e ffect.) 

Actua lly, even longe r o.rF times may be needed if zero foot-candle light­
conditi on tests are to be run . A switching r ate of slightly less than 6 
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cycles/ min. will be adequate in most cases. This will have 8 sec OFF 
times and 3 sec ON times. A further requirement for this switch Is that 
it should have transients of less than O.Sp.sec. 

The working part of an ordinary household mercury wall switch can handle 
this function. The barrel porti on can be removed from the wall switch, 
mounted on the pivot bearings from the switch and rotated by a small 
synchronous motor. This device has a clean switching waveform and is 
able to handl e the voltage levels used with neons. 

4. Use an oscilloscope with a vertical sensitivity o f 0.05 v/ cm. tt should 
have an externally triggerable horizontal time base, sweeping at 1 
msec/ cm. ,o\n interval counter could be used to help time th e de lay . 
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HEIGHT OF BLOCKS PROPORTIONAL TO THE 
NUMBER OF READINGS FALLING WITHIN CELL 

i L----~~;t::::---7=,--7----'---;~~--BE~~~AM~~~~~En 

Fig. 5. 8. Arrangement of the do to in histogram form. 

At the start of cnch test, resistance R should be adjusted to operate the lamp 
at 105 per cent breakdown voltage. Then at least five consecutive readings should 
be made for each lamp with 105, 110, 120, 140 and 180 per cent ove r voltage. It 
is important that enough readings be taken for the data to be treated In a sta­
tistical manne r. That is, it should be possible to arrange the readings in a 
histogram, as in Fig. 5.8, so that a n approximate ly Gaussian curve can be drawn 
through the results and statistica lly meaningful worst-case values can be 
selected for the final results. 

Fig. 5.9 shows a typical family of curves that would be produced. The Ioni za­
tion time is plotted against the per cent br eakdown voltage . Each curve repre­
sents a certain ambient light level. Note tha t the response is faster for higher 
voltages, but that it is even more sensitive to light leve ls. The largest change is 
between no light at all (zero foot candles) a nd a sma ll amou nt of light (0.1 foot 
cand les). For reference , ambient light leve ls range from 30 to 60 foot candles 
in office areas and up to 100 foot candles in well-lighted labo r a tories. 
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Fig . 5 .9. Ionization t im e vs percen tage of de breakdown vo ltage. 

The curves In Fig. 5.9 are for the 3 sigma limit, or worst- case values that 
include 99.8 per cent of the neon devices. They are for 5AB neons . 

REFIRING Voltage Plotted 
A1 a Function of Time Off 

In single-shot circuits, the ionization or turn-on time of the glow lamp may 
be the only frequency-limiting factor. Generally, in repetitive signal circuits it 
will be necessary to also knowthedeionizationtime. This turn off parameter can 
be measured d irectly but the procedure is quite complicated. An easie r para­
meter to measure is the refiring voltage as a function of time off. The setup for 
this measurement Is shown In Fig. 5.10. 
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Fig . 5. 10. Test setup for measuring refiring vol tag e 
As A Function Of Time Off. 

The tes t chamber and de power s upply for this test are identica l to those in 
Fig. 5.7. But the oscilloscopeshouldbeadual-beam type wi th ve rtical sensitivity 
of 0.5 v/ cm and a ho r izontal sweep of 1 sec/ em . Two oscilloscopes cou ld be 
used with a common timing reference. 

,,, _ _ , ,_ 

I I 

Fig. 5. 11 . Appeara nce of dual -trace scope displ ay obtained 
from Fig. 5 test setup. 

ln addition , a variable pulse width de pulse ge nerator should be ava il able . 
Ideally, it should have e nough output amplitude to completely cance l the de 
power supply . (The authors made do with a ge nerator limited to 60 v maximum 
pulse amplitude, though this did not completely attai n the zero volt OFF states.) 

As an added aid to accurate ly dete r m ining the voltage levels, a high im­
pedance VTVM or electrostati c voltmeter should be available . 
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The test steps for this setup are: 

1. Raise de power supply voltage until the lamp under test fires. 

2. Adjust R until specified lamp current is obtained. 

3. Adjust the height of the negative pulse coming from the pulse generator 
until the voltage across the lamp is zero during OFF time. 

4. :\djust the width of the negative de pulse to increase the lamp OFF time 
until the lamp refuses to turn ON. The OF F dwell that just inhibits the 
lamp from turning on should be recorded. 

5. Using a series of 1-v steps below breakdown, repeat the previous four 
steps. 

Data should be obtained for rated lamp current and for 0.5 and 2 times rated 
current for each lamp. A few lamps from each lot should be tested to assure a 
statistical sampling. The data from his test should a lso be treated statistically 
to determine the famil ies of refiring voltages vs time OFF curves with constant 
ambient light and lamp current . 

• "1-----il-----il-----ii-"~--F""!="'f-----t---1 i" J .... ~ 
~ o21--1--11--11--11--1--1--1--1 

-

Fig. 5.12. Time-off as a function of refiring voltage. 

Shown in Fig. 5.12 are the envelope curves for the 5.A.B neon, at the 3u limits. 
From this figure the designer can readily see where the safe (lower) marginal 
(middle) and unsafe (upper) areas or operation occur. 

Current was held constant for the tests that produced these levels and In this 
case it was found that the light levels did not signifi cantly alter the refiring time. 
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GENERAL ELECTRIC 
GLOW LAMP SPECIFICATIONS 

From theflrstglowlamp, (NE-2),haveevolvedthe scores of lamps in today•s 
glow lamp line , each with specifi c charac teristics depending upon the job to be 
done . Thus size, light output, lire , e fficiency, breakdown voltage , maintaining 
voltage, extingui s hing potential a nd many othe r factors a re conside r ed In de­
signing just the right lamp fo r the specific application. 

As an aid in selecting the right lamp- before the design of the produc t is 
frozen - choice can be narrowed down to lamps typica l of the application. These 
become the clues which may permit you t o make eas ie r se lection from the glow 
lamp specifications that follow. 

Logic AND-OR Gates 
Memory Circuits 
Multivtbrators 
Photoconductor Acti va to r s 
Sawtooth Osc illators 
Trigge r Circuit s 
Voltage Indi cators 
Voltage Regulato r s 

SAH, 4AB, 4AC 
JAG, 5A B, l: 5AG 
3AH , 5AH C: 5AJ 
3AG, 5AB & SAG 
4AB, 4AC, 5A H 
JAG, 5AB &r SAG 
3AC. 3AH, 3AJ 

The spectflcatlons give a brief descr~ptlon, the outline drawing, the e lectrical 
characteristics and agi ng Ins tructions for each ci r c uit component lamP. Additional 
information about lamp cha r acteristics and operation In specific circuits may be 
obtained from G.E. Representatives , listed below, or the edi tors of this book. 

Suite2B,359Eut Memphrs. Tenn 2021S. tathimSt. 38 109 948-2641 
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- ----------- G LOW LAMP SPECIFICATIONS 

CROS S REFERENCE AND SUBSTITUTION GUIDE FOR 

G.E. CIRCUIT C~PONENT GLOW LAMPS 
l H tol-l ~) ~'-6(j" 

p The Miniature Lamp Department of the General Electric company recognized 
the need for a new numbering system for circuit component glow lamps which 
will be compatible with the new ASA syst em for indicator glow lamps. Shown 
below is a cross reference and substitution guide. 

OLD SUBSTIT UTION 

NE-2AS 3AD 

NE- 2L 3AD 

NE-2LT 3AD 

NE-2S r ... ,~ 

NE- 3 T'r.. ,.~ 

NE- 4 SAB ~~~ 

NE-S SAC rr II( 

NE-16 19r II} 

NE-23 ('~ ... ~l 

NE-S 1S 

6AC l--It~~ Pt,.. ll"l. 

NE-68 

NE-68A SAC ,.,, ... , 1"01. 

NE-75 3AD 

NE-76 SAG- A f' (, IO~ 

NE-77 

NE- 80 ~c.. ,., 
NE-81 SAG 

NE-83 11 /r to~ 

NE-86 p, ,.,, 
NE- 96 f'~io-\ H 
NE-97 4AC ~? 

NE-98 

NE-99 

S Ct (JY.,~ )}7 
(-of\ ,... l.l~ 

~t 1)/ 

'" 
88 



GLOW LAMP SPECIFICATIONS ------------ ~ 

2AA presently available. The formed tip gives good 

I 
The 2AA is the smalles t circuit component 

L_ __ N_e._99_1 
----' ~~~ko;ff~~~~mg. A r ad!oact1ve addt ttvc reduces 

OUTLINE DRAWING 

o.2oo" 

4
,r 02 .... 

I " o 

M~2x ]ij 

I 
I " 

L 

Initi a l D<.: Breakdown Voltage 
(In dark) 

Initial DC Maintaining Volt age 
@ 0.3ma 

Hours ope r a ti on f! 0.3 rna fo r 6 volt 
change in m a inta ining voltage 

Design cur r en t in millampcres 

I 
!\Vg. 

52 

7,500 

Aging Procedure - 100 hours at design current or 24 hours a t 0.6 rna; foll owed 
by 24 hour s under typica l c ircuit ope rating conditions. --------- 89 ________ _ 
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------------ GLOW LAMP SPECIFICATIONS 

OUTLINE DRAWING 

0.200" 

-1 ! r 'ot::x~" 
I :r-f 

lijl X 
, ~ I 

'l 
r 

L__~ 
.-'-

PRESS 
ZONE 
APP~OX 

3/3; 

SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

Initial DC Maintaining Voltage 
@ 0.3 rna 

Hours operation @ 0 .3 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millampercs 

Extinguishing voltage (.25MQ or more 
series resistance) 

Q.145 u MAX 

IN PRESS lOME 

.\vg. 

6,000 

0.3 

Leakage resistance @ so•F and 75% lOOM Q 
Re lative llumldlty 

Aging Procedure - 100 hours at design current or 24 hours at 0.6 rna.; followed 
by 24 hours under typical circuit operating condi ti ons . 

_______ 90 ______ _ 



GLOW LAM P SPEC IF ICA TI ONS ------------

3AG 
The 3AG is a standard brightness circuit com- -= 
ponent lamp. It incor porates a shor ter ove rall 

~~:~~~ t;:;_;o~t~e~~; . ' a;~s~ ~~~Jn;:~i!~~tr~~ C::: 
additive fo r the reduction o f dark effect. ll is one 

of the lower priced neons. 

l l' ~~:~oo" 
lh~4" 

ii: 
2 " 

I LEADS 
TTINNEO 

Initia l DC Breakdown Voltage 
(In 5-50 footcandles) 

SPECIFICATIONS 

Initia l DC Maintaining Voltage 
@0 .4 rna 

!lours operat ion @ 0.4 ma for 5 volt 
change in breakdown or mai ntaini ng 
voltage 

Design current in mlllamperes 

Avg. 

46 

2,000 

0.4 

Aging Procedure - 100 hours a t design current or 24 hours at 0,8 rna.; followed 
by 24 hours under typical circuit operating conditions. 

---------- 9~ ----------
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GlOW LAMP SPECIFICATIONS 

T he 3AG-A is a preagcd 3AG. A breakdown a nd 
ma inta in ing test has been added a long with an 
exti ngui shing voltage test a nd Or i-Film coating 
toincrcascleakage resis tance . 

3AG-A 

Initi a l DC Breakdown Voltage 
(ln 5-50 foot ca ndles ) 

SPECIFICATIONS 

Initial DC Maintai ning Voltage 
@ 0.4 rna 

Hours oper a ti on {it 0.'1 rn a for 5 volt 
change in breakdown o r maintaining 
voltage 

De sign curre nt In millamperes 

Ext inguishing Voltage (.25 Mcgn or more 
series resistance) 

l_ i 
,.I:": 
ZONE 

APPAOll. 
3 . 
732 

Leakage resistance at 80°F and 75% lOOMfi 
Relative Humidity 

Aging Procedure - Not required as lamp is pre-aged. 

Avg. 

6,000 

---------------- 92 -----------------



GLOW LAMP SPEC IFI CATIONS ------------

3AG-B I 
The 3AG-B is a s e lected ve rsi on o f the 3AG-A . 

~~~:r1~~~s1:r ::~t~~et~:~~~i~~\~~~~i~~~ ~:~~~ ~~~ 
3AG- A . .___ _____ __, 

OUTLINE DRA WING 

Tniti al DC Breakdown Voltage 
(ln5-50footca ndlt!s ) 

SPECIFICATIONS 

Initi al DC Ma intai ning Voltage 
@ 0.4 rna 

Hours ope r a ti on (a 0.1 rn a for 5 volt 
cha nge in breakdown or maintaining 
vol tage 

Design c urrent in mll lampercs 

Ext inguishing vo ltage (.25 Megn or mor e 
series r esis ta nce) 

Leakage r esis tance ® 80"F and 75% lOOMO 
Relative Hu mid ity 

Aging Procedure - Not r equired as lamp is pre-aged. 

Avg. 

2 ,000 

---------- 93 _________ _ 



------------ GLOW lAMP SPECIFICATIONS 

3AG-A. Selection to a s lightly higher range has 3A G c The 3AG-C is also a selected version of th e I 
~~!~~~ge~r!:k:~:: ~~~cu~:i:t~n\~~ d~~~{a~~ti~~ -
higher than the 3AG-B. L. _____ __J 

OUTLINE DRAWING 

Initial DC Breakdown Voltage 
(In 5-50 rootcandles) 

SPECIFICATIONS 

Initial DC Maintaining Voltage 
;:1 @ 0.4ma 

~ _ Hours operation @ 0.4 rna for 5 volt 
~ change in breakdown or maint aining 

Avg. 

2.000 

r voltage 
~ ~~-.~~~-c-ur-r~en~t ~in-m~il~l~-~-r-e-s--------+---~~~~--~ 
~ ~E~~~~~=i~sh~i~~vo~lt~~e(~.2~5M~e=gn~or=m=o=re----+-~-i----r---~ 

series resistance) 

Leakage resistance @ 80°F and 75% !OOMfi 
Relative Humidity 

Aging Procedure -Not r equired as lamp is pre-aged. 

----------------- ~ ----------------· 



GLOW LAMP SPECIFICATIONS ------------

3AH I 
The 3AH lamp is a high br ightness circuit com­
ponent lamp with Dri-Film for increased leakage 
resistance. This lamp is recommended fo r ap-

.__ _____ ___, ~~~:~~~n~c:~:~~:~~~~iil~:\~f8c~:;~~t~~:;l~~~~~~~~ 
an overall length which is shorte r than many g low lamps, as well as bette r 
end-on viewing, where desired. A radioactive additive is present to reduce dark 
crrcct . 

OUTLINE DRAWING 

Tniti al DC Breakdown Vol tage 
(ln 5-50footcandles ) 

Initial DC Maintaining Voltage 
@! 2.0 rna 

Hours ope r ation (Q 2.0 rn a for 10 volt 
change in breakdown or maintaining 
voltage 

Design current in mlllamperes 

Leakage resistance @ SO"F and 75% 
Relative Hwnidity 

Avg. 

2,000 

lOOMn 

• After 100 hours operation at design current . Indi vidual lots may vary from average . 

Aging Procedure - 100 hours at design current o r 15 minutes at 15-17 rna.; fol­
lowed by 24 hours unde r typical circuit ope rating conditions . 

.................. 95 ................ .. 



------------ G LOW LAM P SPEC IFICATI ONS 

4AB 
)NE-96) 

The 4AB has the largest differential between I 
breakdown and maintai ning voltage of any GE glow 

!~~-~· ~~t;~:g~ ~~~~~~ ~~~ ~~~-~~~r~,f:~:e o~~~i1c~~ 
des1 r ed, the Instabili ti eS mherent in this lam p ...__ _____ _, 
type could rule agai nst its use in some c irc uits. The lamp contains radioactive 
additive for the reduction of dark effect . The ligh t output is not high but with 
end-on viewing it is adequa te for normal obse rvat ions . 

OUTLINE DRAWING 

SPECIFICATIONS 

Initial DC Breakdown Vo ltage 
(In 5- 50 footcandles) 

Initi a l DC Maintaining Voltage 
@ 0.5 rna 

Hou r s operati on @ 0.5 rna fo r 10 volt 
change In breakdown or maintaining 
voltage 

Design curre nt in millamperes 

Avg. 

3 ,000 

Aging Procedure - 100 hours at design curre nt or 7 hour s at 1.25 rna.; followed 
by 24 hours under typical circuit operating conditions . 

----------------· 96 ________________ .. 



GLOW LAMP SPECIFICATI ONS ------------

4AC 
(NE-971 I 

The 4AC has a somewhat smaller dirrerential 

~:e~~e b~e:~~o:u~ ~~r~~~;t~'t:';i~l~;l~~~e ~:~ 
Improved in thi s lamp type a nd r esponse t ime is 

..___ _____ __, somewhat faste r . A r ad ioacti ve add itive Is in-
c luded. 

OUTLINE DRAWING 

SPECIFICATIONS 

Initia l DC Br eakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage @ 0.5 rna 

Hours ope rat ion @ 0.5 rna for 10 volt 
change in br eakdown or maintaining 
vol tage 

Design cur r ent In millamperes 

Avg. 

80 

3,000 

Aging Procedure - 100 hours at design current or 2 hour s at 1.25 rna . ; followed 
by 24 hours under typi cal c ircuit operating condi ti ons. 
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------------ G LOW LAM P SPECI FICATIONS 

The 5AB is a modification of the NE-2 indicator 
lamp with m ild r adioactive additive for there­
ducti on of dark effect . Both its low cost and 
stable characteristics following agi ng account for 
its popu la r ity. 

OUTLINE DRAWING 

5AB 
{NE-23 ) 

l__ _~Q.I45".,•x . r-_· INPRESS20NE 

PRESS 
ZON E 

N'PAOX 
3" 
~2 

SPECIFICA TIONS 

Initi a l DC Breakdown Voltage 
(In 5- 50 footcandles) 

DC Maintaining Voltage @ 0.3 rna 

Hours ope r ation @ 0,3 rna for 5 volt 
change In breakdown or maintainjng 
voltage 

Design current in millampcres 

Avg. 

59' 

6 ,000 

• After 100 hours operation at design current. Indi vidua l lot s may vary from 
average. 

Aging Procedure - 100 hours a t design current or 24 hours at 0.6 rna.; fol­
lowed by 24 hours under typical operating conditions. 
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G LOW LAM P SPEC IFICATIONS ------------

OUTLINE DRAWING 

SPECIFICATIONS 

Initia l DC Breakdown Voltage 
(In 5-50 footcandles) 

DC J\.faintaining Voltage @J 0.3 rna 

Hours operation @ 0,3 rna for 5 volt 
change in breakdown or maintaining 
vo ltage 

Desigo current in millamperes 

Extinguishing voltage (.25 Megn or more 
series resistance) 

Leakage r es istance @ so•F and 75% 
Relative Humidity 

l_~0.145" MAX . 'r.· INPRESS ZONE 

PRESS 
ZO NE 

.YPROl 
3 " 
'32 

Avg. 

6,000 

Aging Procedure - Not required as lamp is pr e- aged . 

= 
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------------ GLOW LAMP SPEC IFICATIONS 

The 5AB-B is a selected version of the SAB-A. 
Where c loser voltage specif ications are r equired 
this is one or the Jogicnl choices ove r the SAB-A. 

OUTLINE DRAWING 

5AB-B 

r · tNPRESSlONE 

PRESS 
ZONE 

j 
_L_~~0.145"MAX . 

APPROl. 

In itia l DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Vo ltage @ 0.3 ma 

Hours operation @ 0.3 rna for 5 volt 
c hange In breakdown or maintaining 
volt age 

Design current In mlllamperes 

Ext inguishing voltage (.25 Mfi or more 
series resi s tance) 

Leakage resistance @ so•F and 75% 
Re lative Humidity 

Aging Procedure - Not required as lamp is pre-aged. 

3 " '32 

Avg . 

6 ,000 

50 

---------100 ________ _ 



G LOW LAMP SPECIFICATI O N S ------------

5AB-C SAB-A. Slightly higher breakdown and maintatn-

I 
The SAB-C is also a se lected version of the 

.....__ _____ _J mg r ange w11l g1ve advantages tn some circuits . 

OUTLINE DRAWING 

SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage @ 0.3 rna 

Hours operation @ 0.3 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 

Extinguishing voltage (.25 Mfl or more 
series resistance) 

Leakage resistance @ ao•r and 75% 
re lative Humidity 

.L_~0.145"MAX . -.. INPR.ESSIONE 

PRESS 
ZO NE 

APPROX 
3" 
'32 

Avg. 

6,000 

100Mfl 

Agirtg Procedure - Not required as lamp is pr e - aged. ---------101 ________ _ 



------------ G LOW LAMP SPEC IFICATIONS 

The SAC is designed primarily for voltage reg­
ula tion purposes. This lamp is recommended 
for those applications where a partia lly stabilized 
lamp Is r equ ired . The lamp contains a mi ld 
r adioactive additive. 

OUTLINE DRAWING 

l i gm: 

J
·- T ,. 

\i'\6 
BL U E DO T MAX. 

AOJACE NT TO I 

' LEAD ~~I --1 
LEADS 

TINNED 

' ,. 

Initi a l DC Breakdown Voltage 
(In 5- 50 footcand l es) 

In itial DC Maintaining Vo ltage 
@ 0.3ma 

Hours operat ion @ 0.3 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 

Extinguishing voltage (. 25 Mn or more 
series r es istance) 

Leakage resistance @ 80°F and 75% 
Relative Humidity 

5AC 
(NE-68) 

l_~0.145" .. AX . ~--=-.- IN PRESS ZONE 

PRES.S 
ZO NE 

APPROX 
3 .. 
'32 

'\vg. 

2 ,000 

lOOMn 

Aging Procedure - Not required as lamp is partially pre-aged. ---------102 ________ _ 



GLOW LAMP SPECIFICATIONS ------------

WHITE DOT 
ADJACENT TO 

T LEAD 

LEADS 
TINNED 

OUTLINE DRAWING 

SPECIFICATIONS 

Initi a l DC Breakdown Voltage 
(In 5-50 footcandles) 

j_~O.I45" MAX r _ INPRESSIO.NE 

PRESS 
ZONE 

APPROl 
3 " '32 

Avg . 

64 80 

Initi al DC Maintaining Voltage~ 0.3 rna 50 

Initial DC Maintaining Voltage® 0.1 ma 

Hours operation @l 0.3 rna for 5 volt 
change In breakdown voltage 

Hours ope r ation @ 0.1 rna for 5 volt 
change in maintaining voltage 

Design current in millampcres 

Extinguishing voltage (.25 MO or more 
series resistance) 

Leakage resistance @ 80"F and 75% 
Relative Humidity 

Aginn Procedure - Not required as lamp is pre-aged. 

2,000 

2,000 

0.1-0 .3 

---------103 ________ _ 



------------ GLOW LAMP SPECIFICA TI ONS 

This neon lamp has the tightest breakdown volt- I I 
age tolerance - ±4 volts - of all GE glow lamps . _ 
Mainl.aining v. o ltage is also held. _within±5volt s. SAG A 
The lamps are all pre-aged, polantymarked, and (NE -76 ) 
contam a m1ld radioactive add 1tt ve for there-
duction of dark crfccts. The tight voltage cha r acteristics and pre-aging treatment 
ideally suit this lamp for use in multivibrators, relaxation oscillators and other 
close tolerance applications. 

OUTLINE DRAWING 

SPECIFICATIONS 

Initi a l DC Breakdown Voltage 
(In 5-50 footcandles) 

Initial DC Maintaining Voltage 
(a 0.4 rna 

Breakdown voltage to stay within initial 
specs when opc•·ated at 0.4 rna 

Hours operation @ 0:4 rna for 5 volt 
change in maintaining voltage 

Des ign current in millamperes 

Extinguishing voltage (.25 Mfl or more 
series resistance) 

Leakage resistance (itt 80"F and 75% 
Relative Hum idity 

Aging Procedure - Not required as lamp is pre-aged. 

0.145"MAX. 
IN PRESS ZONE 

Avg. 

1,000 
hours 

2,000 

----------------- ~~ ----------------



G LOW lAMP SPECIFICATIONS------------

S A H 
(NE-83) 

This "high-current" lamp shows pr omise wher­
eve r greate r current carrying capacity is re­
quired. The lamp's differential between break­
down and maintaining volts is somewhat greater 
than the 5AB family, but not as l arge as is the 

case for the 4AB and 4AC . Its voltage regulation properties also merit attention. 
The Jemp cqntalns radjoactlve additive. The SAH fam ily finds many used in 
i)Ulsed circuits such as SCR triggers. Dri-Film Is used to increase the leak­
age r esis tance. 

OUTLINE DRAWING 

j --f 0.145" ..... . r-_ - INitltESSZONE 

PRESS 
ZONt 

APPAOX 

3"1; 

SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage ·(,r 10.0 rna 

DC Maintaining Voltage ·'0: 5.0 rn a 

Hours ope r ation @ 10.0 rna for 5 volt 
change in breakdown or maintaining 
vo ltage 

Hours operation @ 5.0 rna for 5 volt 
change in breakdown or m aintaining 
voltage 

Design current in millampercs 

Leakage resistance @ so• F and 7 5% 
Relative Humidity 

I Avg. 

5,000 

l OOM!l 

• Average after 100 hours operation at design current. Individual lots may vary 
from average. 

Aging Procedure - 100 hours at design current or 24 hours at 15 milliamperes ; 
fo llowed by 24 hours under typical circuit operating con­
ditions. ---------105 ________ _ 



- ----------- GLOW LAM P SP!'CIFICA TI ONS 

The 5AH-A is a se lected version of the SAH. The 
low breakdown spec a ll ows its use in the low 
voltage circui ts. All other characteristics are 
s imilar to the SAH. 

OUTLINE DRAWING 

SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footcand les) 

DC Maintaining Voltage @ 10.0 rna 

DC Mainta ining Vo l tage @ 5.0 rna 

!lours operation @ 10.0 rna for 5 vol t 
change in breakdown or maintaining 
voltage 

Hours operation @: 5.0 rna for 5 volt 
cha nge in breakdown or ma intaining 
voltage 

Design current in mtllamperes 

Leakage resista nce @ ao•r and 75% 
Relative Humidity 

SAH-A 

j ___ f O.IH" MAX - INPIUSSZON£ 

PRESS 
ZONE 

APPROX. 

J~; 

A vg. 

5,000 

Aging Procedure - 100 hours at design current or 24 hours at 15 mi ll iamper es; 
followed by 24 hours under typical circuit operating con­
ditions. ---------106 ________ _ 



GLOW LAM P SP!'C IFICA TI ONS ------------

5AH-B I 
The SAH-B is a selected 5AH with a lOv spread 
on breakdown and Sv spread on maintaining volt-

~:i.nt~i~~nd~f~~~~~alarlto~ ~~~~~t" :;:i~~:~w;~~~ 
L...._-------'· latitude with other components. 

l
, r O.IOO ' 

RED POLARITYJ! D.Z50' 
AND TYPE DOT 15f1 6" 

MAX. 

I 

1 
LEADS I " 

TINNED ,_l 

SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage@ 10.0 rna 

UC Maintaini ng Voltage@ 5.0 rna 

Hours operation @ 10.0 rna for 5 volt 
change in breakdown or maintai ning 
voltage 

Hours operation @ 5.0 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Design current in millamperes 

Leakage resistance @ 80°F and 75% 
Relative Humidity 

Avg. 

BO 85 

5,000 

100Mfl 

Aging Procedure - 100 hours at design current or 24 hour s at 15 milliamperes ; 
followed by 24 hours under typical circuit operat ing con­
ditions. ---------107 ________ _ 



------------ GlOW lAMP SPE CIFICATIONS 

The 5AH-C Is also a selected 5AH. The higher 
breakdown voltage spec allows this lamp to be 
used in special ci rcuits. The guaranteed differ­
~~:~:lit~~ Sv gives higher e nergy pulses in trigger 

WHITE POLARITY ~l ~~~~g: 
AND TYPE DOT 15f16" 

""'· 

4 ,. 
LEADS _l 

T I NNED ' 

SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footca.ndles) 

DC Maintaining Voltage @ 10.0 rna 

DC Maintaining Voltage @ 5.0 rna 

Hours operation @ 10 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Hours operation @ 5.0 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Design curre nt in millamperes 

Leakage r esistance @ 80" F a nd 75% 
Helative Humidity 

5AH-C 

Avg. 

5 ,000 

5.0-10.0 

Aging Procedure - 100 hours at design current or 24 hours at 15 milliamperes; 
fo ll owed by 24 hours under typical circuit operating con­
ditions. ---------108 ________ _ 



GLOW LAM P SPECIFICATIONS------------

SA~ 
(NE-86) I 

The 5AJ, rated at 1.5 rna., ranks between the 
SAB family of lamps a nd the SA H family in current 

~~~dlti~ a~~~~!~~e r~r i~~~~~~:, ~~:~~~~;t,st~~= 
'-----------' closer to the SAB than the 5AH . The lamp con-
tains a radioactive additive for the r eduction of dark effect. 

OUTLINE DRAWING 

SPECIFICATIONS 

Initi a l DC Breakdown Voltage 
(In 5- 50 footcandles) 

DC Maintaining Voltage (ii 1.5 rna 

Hours operation @ 1.5 rna for 5 volt 
change in breakdown or mai ntai ni ng 
voltage 

Design current in millamperes 

Leakage resistance @I 80°F and 75% 
Relative Hum idity lOOMO 

0. 14 5" MA )I.. 
INPII:ESS lONE 

Avg. 

2,000 

• Average after 100 hours ope ration at design current. Individual lots may vary 
from average. 

Aging Procedure - 100 hours at design current followed by 24 hours under 
typical circuit ope r ati ng conditions. 

---------------- ~~-----------------



------------ G LOW LAM P SPECIFICA TIONS 

The 5AJ-A is a se lected ve r sion of the 5AJ. The 
low breakdown voltage will reduce powe r supply 
requirements in same cases. 
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SPECIFICATION S 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage @ 1.5 rna 

Hours operation @ 1.5 rna for 5 volt 
change In breakdown or maintaining 
voltage 

Des ign current In mlllamperes 

Leakage resistance @ so•p and 75% 
Relative Humid ity 

SA-.J-A 

0 .14 5 .. MA X . 
IN P~E.SS lONE 

Avg. 

2,000 

Aging Procedure - 100 hours at design current foll owed by 24 hour s under 
typica l ci r cuit operating condiions. ---------110 ________ _ 



------------ G LOW LAM P SPECIFICA TIONS 

SA'-'-B 
The 5AJ- B is a lso a selected version of the 5AJ. 
The higher breakdown voltage spec will allow its 
use in specia l circuits. 
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SPECIFICATIONS 

lnitial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Voltage @ 1.5 rna 

Hours operation @ 1.5 rna for 5 vo lt 
change in breakdow n or maintaining 
vo ltage 

Design current in millamperes 

Leakage resistance @ SO"' F and 75% 
Relative Humidity lOOMn 

0. 145" MA X 
IN PRESSION£ 

Avg. 

2,000 

Aging Proc~o>dure - 100 hours at design current followed by 24 hours under 
typical circuit operating condi tions . ---------"' ________ _ 



------------ GLOW LAM P SPECIFICA TIONS 

The NE-67 is a modification of the NE-51 indica­
tor lamp with Ori- Film coating incorporated 
within the base. This Dr! - Film counteract s th e 
leakage r es istance prob le m inhe r ent in m a ny 
based lamps because of conduction ac r oss the 
basing cem ent s. 

OUTLINE ORAWING 

SPECIFICATIONS 

Initia l DC Breakdown Vo ltage 
(In il-50 foo lcandles) 

DC Maintaining Voltage 1a. 0.2 rna 

Hou r s ope ration 'u 0.2 rna for 5 volt 
change in breakdown or maintaining 
voltage 

Design c urrent in millampercs 

Leakage r esistance at 80° F and 75% 
Relative Humidi ty 

6AC 

Avg. 

1,000 

0.2 

• Average after 100 hours operation at design current. Indi vidua l lots may vary 
from ave rage. 

Aging Procedure - 100 hours at design c urrent followed by 24 hours unde r 
typical c irc uit operating condi ti ons. ---------112 ________ _ 



GLOW LAMP SPECIFICATIONS------------

7AA 
tube. A mild radi oactive add iti ve fo r the r educ-I 
The 7 AA (NE-16) Is_ int.ended pr. imarily for vol_tage 
regu lation applications. It meets the r equire­
ments of MIL- E-1/283 for the JAN 991 regu la tor 

'---------' tion of dark e ffect is inc luded In the lamp. 
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SPECIFICATIONS 

Initi al DC Breakdown Voltage 
(In 5-50 foot eantllcs) 

Initial DC ~laintai nlng Voltage 
@ 1.5 ma 

llours operati on (5 1.5 rna for break­
down voltage to remain be low 95V 
DC a nd maintai ning voltage to r e ­
main below 70V DC 

Design current in millamperes 

1,000 

Agillj! Procedure - 100 hours at design c urrent o r 24 hours a t 2 rna . , followed 
by 24 hours unde r typica l c ircuit operating conditions. ---------113 ________ _ 



- ----------- GLOW LAMP SPECIFICATIONS 

A neon lamp util izi ng a c lea r round-end bulb 
mounted in a te lephone s lide base. The r ound­
end bulb provides undistorted end-on viewi ng. 
The te lephone slide base is one solution to front­
end replacement of panel mounted lighting units. 

OUTLINE ORAWING 

~~_J 1.-

~;:;:·-l~~r 
SPECIFICATIONS 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

DC Maintaining Vo ltage @ 0.3 rna 

Life - Breakdown voltage to stay within 
initial limits and maintaining 
voltage to stay above tOO hours 
limit for 15,00 hours at 0.3 rna 

Design current in m illampercs 

Extinguishing Voltage (.25 MegU or more 
series res is tance) 

BAA 
(NE-3) 

Min. Avg. 

*Afte r 100 hours operati on al design current. Individual lots may vary from average . 

Aging Procedure - 100 hours at design current or 24 hours at 0.6 milliamperes; fol­
lowed by 24 hours under typical circuit ope r ati ng conditi ons . ---------114 ________ _ 



GLOW LAMP SPEC IFICATIONS------------

BAB I 
The 8AB Is a combinat i on of the random-tipped 

~t;-~s~~~,~ ~~~n~~~~~lc:~;e":s~~;;ti~yba::· tl~eof~~;: 
and IS lower 1n pri ce . 

'----------' 

---· ---g::~f_j i ~~ 
SPECIFICATIONS 

Init ia l DC Breakdown Voltage 
(In 5- 50 footcandles) 

Initial DC Mai ntaining Voltage 
@ 0.3 rna 

Hours operation @ 0.3 rna for 5 vo lt 
change in breakd ow n or ma intaining 
vo ltage 

Design current in mi !!ampe res 

Avg. 

6,000 

*Afte r 100 hours ope r a tion at design curre nt. Individua l lots may vary from ave1·age . 

Agi11g Procedure - 100 hours at design current or 24 hours at 0.6 milliamperes; fol­
lowed by 24 hours under typical circuit operating cond itions. ---------115 ________ _ 



- ----------- GLOW LAMP SPECI FI CA TI ONS 

~·~~~~ ~,c~:~:~·:~:::': t:~ ~~~=.:~e ' ::~~':~ct:h;,~: 8 A C 
T he i:IAC lamp is the 4AB with telephone s lide I 
fercnti a l between breakdown a nd mamtaining . INE-51 
voltage suggest s this lam p for those applications 
whe r e m axi mum output signal is des ired . A mild radioactive addi ti ve i s inc luded 
in the lamp. 

---11---
g:~~:~ i 1--1 

SPECIFICATIO NS 

Initial DC Breakdown Voltage 
(In 5-50 footcandles) 

In itia l DC Mainta ini ng Voltage 
@ 0.5 rna 

Hours ope r ation @ 0.5 rna for 1 ~ volt 
change In b r eakdown or mai ntai ning 
voltage 

Design current in mi ll ampe res 

Avg. 

3 ,000 

Aging Procedure - 100 hours at designcurrentor7hoursat 1.25 mil li a mps ; fol­
lowed by 24 hours under typical ci r cuit ope rating conditions . ---------116 ________ _ 
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productlin•fromwhidlyou....,ychoos•. NE-lE.NE-lH, 
NE-lM or NE-lP Iampo or• alrDody o .. oilobl• with a 
.,oriDiyoiiDodiDngiNorrMiolcor.,a(u", orcuslcomlypDs 
un bDdDiignodtolityourparticule>rOf)plicotion. Th• 
(DttDnonth•dim•nsio!Wintt.•cobov•••.-khar•portof 
tt.• slandord nom•ndolurDiorottachodr••illorlypDI. 
Thut dimDntion "'A" io tt..o.,ercolll•ngth oltt.•un-
r .. istorocflood, dime!Wion "'D" itth•ditlonubotw••n 
lomps-londr .. loloo-, otc. ---------117 ________ _ 



DE PA AT MEN T 

M I NIATURE i ELECTRIC 
GENERAL , OHIO 44112 

NELA PARK , CL£YELAND 


