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TUNGAR
BULBS

The Tungar bulb developed by Gen-
eral Electric in 1916—and used for
rectification of a-c to d-c is well known
wherever battery charging or similar
applications require d-c power. Since
1916 constant research has improved
the characteristics of the Tungar bulb,
increased the efficiency, and trebled the
operating life.

The Tungar bulb makes possible an
excellent d-c power supply free from
noise and vibration. It operates with a
very low voltage-drop which results in
high over-all efficiency for the equip-
ment with which it is used. The Tungar
bulb is particularly well adapted for
battery chargers ranging from the cus-
tomary home type, used for charging
one battery, to larger garage type charg-
ers used for handling a large number of
batteries. Use of the Tungar bulb is not
confined to battery charging. It is used
extensively for numerous other applica-
tions requiring dependable d-c power.




GENERAL DESCRIPTION

The Tungar bulb is made of the finest materials.
It is a gas-filled type of electronic tube making use
of argon, mercury or a combination of the two gases.
The bulb consists of a cathode and an anode enclosed
in a glass envelope. The cathode is either a thoriated
tungsten filament or a barium-oxide coated nickel
filament. The anode is made of high-purity graphite
attached to a nickel stem. The connection is made
through the bulb’s hard glass envelope by a tungsten
Jead. The glass envelope is designed so that it
matches the expansion characteristics of the tung-
sten. After the bulb has been exhausted to a high
vacuum, a specified amount of argon gas, a small

The tungsten and other raw materials used in the
manufacture of Tungar bulbs are the finest available,
and all materials are laboratory tested before being used.
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ELECTRICAL DESCRIPTION

A Tungar bulb in an electrical a-c circuit acts as a valve.
When the anode is positive, the cathode emits sufficient
electrons to maintain a flow of electrons from the cathode
to the anode. During the reverse half cycle, when the
cathode is positive, there is an insufficient supply of
electrons available to support an electron flow. For this
reason the bulb acts as a one-way valve and with current
flow normally described as flowing from positive to
negative, the current flow through a Tungar bulb would
be from anode to cathode. In order to force the flow of
electrons across the gap between the cathode and anode,
it is necessary to maintain a certain potential. This is
known as the “voltage-drop” or “arc-drop” of the bulb.

It is necessary that a sufficient voltage be impressed
across the cathode and the anode before current will low.
This required voltage is normally referred to as the
“pick-up” or “starting voltage.”

The terms “pick-up” and “arc-drop” voltage are illus-
trated in Figure 1. The portion of the curve filled in by
dotted lines and the full line is the standard a-c sine wave
which would be impressed across the bulb if the filament
was not heated and the bulb was not conducting.

PICK-UP VOLTAGE

Low “pick-up” voltage provides a long conduction
cycle limiting the peak current and insuring long life
for the bulb. “Pick-up” voltage may vary slightly with
different bulbs and throughout the life of a bulb. It is not
usually desirable to connect two bulbs in parallel with-
out a separate power supply for each. The bulb with the
lower “pick-up” will begin to conduct current and the
other bulb or bulbs in parallel will not obtain sufficient
voltage to start.

ARC-DROP VOLTAGE

Low “arc-drop” voltage provides long life and high
efficiency because it prevents overheating of the cathode.
The “arc-drop” voltage is usually slightly less than the
“pick-up” voltage and remains practically constant
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throughout the conduction period. (See Figure 1.) The
“arc-drop” voltage multiplied by the current passing
through the bulb gives the instantaneous power loss in
the arc stream. This, however, represents only the watts
loss in the bulb as a result of passing current and to this
value, the filament watts should be added in order to
obtain the total losses in the bulb itself. This value of
power loss in the bulb remains practically constant for
all applied voltages and for that reason the bulb operates
much more efficiently as far as the over-all equipment is
concerned when operated near its maximum ratings.

TUNGAR ARGON BULBS

The fundamental operating characteristics of a Tungar
bulb with argon gas are independent of ambient tempera-
tures because the quantity of gas remains constant at all
times. The thoriated tungsten filament in the argon type
bulb reaches operating temperature within one to fifteen
seconds depending on the bulb size. The bulbwill thende-
liver full output. The 6-ampere and smaller argon bulbs
can be used in circuits where the filament and load power
are turned on at the same time. Maximum operating life
will be obtained if there is a delay of two to three seconds
between applying the filament power and the anode
power. Due to the greater size of the cathode, the fifteen
ampere bulb requires a longer pre-heating period. Peak
inverse rating is based on the recommended time delay.



TUNGAR MERCURY-ARGON BULBS

The mercury-argon type bulb has characteristics well
adapted for low-voltage applications where quick starting
and low operating characteristics are desired. The argon
helps to carry the current until the mercury comes up to
operating temperature. Some time delay between apply-
ing filament power and load voltage is recommended for
mercury-argon bulbs with higher current output as
stated under argon type bulbs.

TUNGAR MERCURY BULBS

The Tungar mercury bulb is designed for higher
voltage applications. The cathode of barium-coated
nickel reaches operating temperature more slowly than
the cathode in the argon or mercury-argon type. Tungar
mercury bulbs are identified by catalog numbers 16X897
and 45X674. For best results it is desirable to allow the
filament from five to ten minutes to come up to operat-
ing temperature before applying the load. It is necessary
that the condensed mercury temperature be held within
the limits specified. If mercury bulbs operate at low
temperatures or exceptionally high temperatures, bulb
life will be seriously impaired and early failure may re-
sult. Normal ambient temperatures and reasonably free
access to circulating air will maintain the proper oper-
ating temperature.

OPERATION

A few simple precautions in the design of equipment
in which Tungar bulbs are to be used will be of help in
obtaining long bulb life. In the most desirable type of
operation the bulb is turned ON and operated continu-
ously for a long period of time. Under this condition
maximum life is obtained.

In intermittent service, where the load is turned ON
and OFF frequently, it is sometimes desirable to operate
the filament under continuous excitation and control the
rectifier in the load circuit.

The filament voltage should be maintained to within
plus or minus 5 per cent of the recommended value
Under no circumstances should the filament power be
turned OFF after the bulb has started to conduct, even



though it is possible to operate Tungar bulbs with the
filament supply removed. This does not add to the over-
all efficiency of the circuit since it is necessary that the
“arc-drop” increase to supply the power normally
obtained from the filament excitation. The higher “arc-
drop” value means more severe bombardment of the
cathode and results in short operating life. Low filament
voltage also contributes to arc-backs and bulb damage.

The rated values shown in the tabulation for each bulb
should not be exceeded. Severe damage can result if
rated values are not respected. If over-voltage is applied
and the bulb breaks down and conducts in the reverse
direction, a short circuit across the transformer will
result and the entire transformer capacity can be dis-
sipated into the bulb resulting in its destruction. A fuse
in the anode circuit will sometimes interrupt the flow of
current in time to prevent serious damage.

Clean contact surfaces are necessary both to conduct
the electric current and also to reduce the heat generated
at the contacts. This is true of both the contacts in the base
and of those of the anode. The tension on anode clips
should be maintained to assure good contact.

When a mercury bulb is first installed, the filament
should be operated for ten or fifteen minutes without any
voltage applied to the anode to obtain redistribution of
the mercury within the bulb.

Three Tungar bulbs are of twin-anode full-wave con-
struction. When it is desirable to operate any one of these
bulbs in a half-wave circuit (with the anodes con-
nected together) the load current should be limited to
half the rated output to avoid the danger of exceeding the
peak current rating of the cathodes.

Tungar bulbs are frequently employed in applications
requiring momentary overloads. Supplying current to
motion picture arc lamps is a typical example. In this
application bulbs operate at greatly increased load at the
instant when the arc lamp electrodes come together to
start the arc. The bulb filament must attain operating
temperature before it is subjected to such an overload.
In other words, the recommended bulb pre-heating time
must be observed. Care should be taken to separate the
lamp electrodes quickly to prevent bulb damage due to
prolonged overload.



RECTIFIER BULB CIRCUITS

There are various circuits which can be used with
Tungar bulbs and the particular selection depends a
great deal on the application.

A simple circuit used in many Tungar battery charging
applications is illustrated in Figure 2. A common varia-
tion in this circuit is a provision of taps on the secondary o
to adjust the output. Primary taps for adjusting the
output should not be used unless there is a separate
filament transformer. The constants covering this circuit
are given in the Rectifier Circuit Constants tabulation
shown on page 10. The theoretical maximum voltage
output is equal to 45 per cent of the a-c input voltage to
the bulb circuit. These constants are theoretical and do
not take into consideration the “arc-drop” or othercircuit
characteristics. The conduction period is only for one-
half cycle which gives a very pronounced ripple. One
important point in the application of bulb circuits of this
type is the heating current or rms appearing in the d-c
circuit. This represents a value of approximately 1.57
times the d-c current and when fusing the circuit or
figuring current-carrying capacities in a circuit of this
type, it is necessary to figure the heating value of the
current (1.57 times the d-c current reading). The peak
inverse volts which the bulb must hold off during the
inverse cycle is 1.414 times the a-c applied voltage. All
of these values are based on a sine wave a-c power supply.

Another circuit very widely used with Tungar bulbs is
the full-wave mid-tap circuit shown in Figure 3. The
filament excitation can be supplied as an extra winding
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on the main transformer or a separate transformer can
be used. Characteristics of this circuit are also given in
the Rectifier Circuit Constants tabulation. The ripple is
limited to 48 per cent with this circuit.

A third single-phase circuit is illustrated in Figure 4.
This is essentially two full-wave mid-tap circuits con-
nected in series to obtain higher d-c voltage output, using
a bulb which has limited voltage characteristics.

When it is desired to operate a rectifier from a three-
phase supply using only four bulbs, the arrangement
shownin Figure 5 may be employed. The Scott-connected
transformers provide the equivalent of two-phase opera-
tion and the theoretical ripple is 11 per cent.

There are several three-phase circuits which can be
used. The circuit illustrated in Figure 6 is one of these
selections. With a three-phase circuit the theoretical
ripple is limited to about 4 per cent which is usually satis-
factory for the majority of applications. In designing
three-phase circuits care should be taken not to exceed
the peak current ratings of the bulbs.

The minimum anode voltage for use with a Tungar
bulb may be calculated from information on the bulb data
sheets which follow. ‘“Pick-up” voltages listed are
measured with d-c voltage applied to the anode and a-c
voltage on the filament. The true starting voltage for
rectification is obtained by adding the peak value of the
filament voltage (1.414 times listed filament voltage)
to the maximum “pick-up” voltage. In battery charging
circuits sufficient voltage over and above the starting
voltage must be allowed to give the required charging cur-
rent without exceeding instantaneous peak current rating.

FIGURE 5  FIGURE 6




RECTIFIER CIRCUITS CONSTANTS
(THEORETICAL VALUES)

S '
Circuit Tfﬂ;}?ut?s i | N Bulb " Eculb Iﬁ\f:h
. coretl- : I 5€
Reference al RJEPIe I, Load Citonit Vol
Maximum | -
! .=

2 0.45E,. | 121 1.00 1.57 Ta 1.414E,.

3 0.90 E;. 48 0.50 0.786 Ta. | 2.828 E..

4 0.90 E.. 48 0.50 0.786 Ty. | 1.414 E,,

5 1.27E,. 11 0.25 0.502 T,c | 2.828 E,,

6 2.34E, 4 0.33 0.579 . | 2.450 E,.

Assume sine wave. E,—A-c volts rms. E,.=Volts output across d-c
ioat*-. Lic=Load current d-¢ (Total for circuir). IL.=A-c volts rms.
Effective ripple as a % of d-c voltage.

TUNGAR BULB
CHARACTERISTICS

The following pages contain complete
technical information about each Tungar
bulb. Equipment using these bulbs should
be designed so that any bulb within the
limits specified will operate satisfactorily.
For an argon type bulb the voltage-drop
or arc-drop across the bulb and the pick-up
or starting voltage will be the same
whether the bulb is hot or cold providing,
of course, the filament is operating at the
specified voltage. In mercury-vapor and
mercury-argon bulbs, these values are
given for cold operation which is the
characteristic after the filament has been
operating for the recommended pre-heat-
ing time. The hot characteristics are those
obtained after the bulb has come up to
operating temperature within the limits
given for maximum base temperature.




G-E
TUNGAR BULB

Cat. No. 199698

Tungar bulb, Catalog 199698
is a quick-starting twin-anode recti-
fier for use in low-voltage full-wave
circuits, It is recommended for
full-wave applications where only a
single bulb is desired to deliver
low-voltage and low-current out-
put. This bulb is frequently used
to supply power to d-c relays. The
discharge medium is argon gas.

Number-0f electrodes i i e o e T e T e T b A T S 3
Socket peepiiredi g vedie i S S S S e e e Standard Edison
Cathode—thoriated tungsten filament:

Voltage oottt i b s e ce e aeaaes 1.8 56

Current, ampPeres, APPIOX. .« . v e tuustntmetetasasanarsasssssssssssssansensanrs 12

Pre-heating time, typical S€CoNds .uuuu it enee et ieiiiinrrnnnnsrrnsnsssnaesnens 0*
Tube voltage drop, volts d-c:

VTR LITNNTITY! s o im0 10

IVEITIIETITIINR o it o s o S A R N A L W 5.

AVEEREE AUELE TIE8. 3resiurnee v om0y o e ome S VR TN b oSS R 8
Starting (pick-up) voltage, volts d-c:

I TV UNI Y oo o iy A S R S A B M A R A TR A 14

IV D R ERRIII i e A i R A S R R e e e e R 10

Axerageduring e sovesovimsiie i iiiarii i iy sasi s iiss rea e b s v 12
Net welght, OUNCES, AP PIOK . sec et easseartansertossoossestoasssssaesssasssas 2
Shipping weight, OUNCes, APPrOK.. .ttt it it rasirsranraainannncaaanss 6
Length, 1nches, apDrOR. « oo casatssasniisessntssnsssinnnsnnsbnnssrmesnssnymaes 554
Diameter, inChes, AP PIrOX. v et e e et iatasssantsntsssssssrasrsnsesncnnssnsa 2

RATINGS

Maximum peak voltage between anodes........ooviiiiiiiiniiann 105 120
Maximum current:
Average per an0de, AMPEreS. ... vvtrrisrsntnrarasnnsassreaenns 1.0 0.25
Average full-wave output per tube, amperes........cvuiiiiennn.. 2.0 0.5
Instantaneous (peak) amperes, reCurtent. ..oeeeeeereeiiseannsnns 6.0 1.5
Maximum d-c output, average volts.ooiiiii e irnnnnanereinenn, 25 30

*[Under normal ambient temperature conditions, this tube will deliver 909
of full output within three seconds after the simultaneous application of anode
and filament voltage. Longer tube life may be obtained by applying the anode
voltage one to three seconds later than the filament voltage.




G-E
TUNGAR BULB

Cat. No. 12X825
(RMA TYPE 4B35)

Tungar bulb, Catalog 12X825,
is a half-wave argon type bulb,
particularly well adapred for charg-
ing batteries used in telephone,
telegraph, clock and alarm systems.

take a clip anode lead. The dis-
charge medium is argon gas.

GENERAL DESIGN

e Ol e R O RS I e T ST S sy e U R T ST s e s o2
Cnt. No. of Socket required:

at. No. 12X825 mbe... GL-278768

Ca: NO, 206501 ThE . seusrereriareimrnsariosesassarnssssasesss.Standard Edison
Cath oriated tungsten filament:
Volmge..............;............................................... 9:1:5_%
Current, amperes, approx... .. e i staieradla e i B PRI R S oy )
Pre-heating time, typlcalsaands ........................... s s e 08
Tube voltage drop, volts d-c:
ILATHTIIL s s oo s wina v aldiaise s in a0 ins 0 e 0/ Sraia B maihg e o 8 (e Bate miv sled e s il U

Minimum. «oeeeeeannnn T T R R A (P IR At i L NI )
Average during life.............. I e A oo R ——— Vg D
Smmng (p;ck—np) voltage, volts d-c:

Avemgednrmghfe.......,....“..-.......

Net weight, ounces, APProX....eeeeiesasiasaenan

thppxngwe:ght,uunces,appmx........................-..-'.'.,.........-.....-.. 6

Diength, 10cHES, APPIOX: v dvi siiaiisees saiveiies s dalaa i enimpseaeie . B

Diameter, inches, nppmex S S e e T e E R R PR RS 21y
RATINGS

Maximum peak inverse voltage (half-wave circuit), volts. .....ouvieinen ceivae 2TE

Maximum anode current:
AVEIAZe AMIPEIESs. o cvnasssesvnsnorisnsssbsssansssasnssonsnsenassssnsmanssss 2.0
Instantaneous ( peak) amperes, recurrent..... -.... PP o SO e )
Maximum d-¢ ongput, average volts ... viiiiiriinroriiinrrarraraecnas T

Wnder normal ambient mmpzmme cendiuons, this fube will deliver 9 o?
‘output within three seconds imultaneous application of anode

and Elmeu; voltages. Longer tube li e ¢ obtained by applying the anode
voltage one to three secofrf[s Tlater than rhé E

ament voltage,

Catalog 206501 is ideatical except
that it is fitted with an adapter o




G-E
TUNGAR BULB

Cat. No. 20X672
(RMA TYPE 4B36)

Tungar bulb, Catalog 20X672,
is a quick-starting single-ended
half-wave rectifier for low-voltage
applications. It is particularly well
adapted for charging 1 or 2 auto-
mobile storage batteries. The dis-
charge medium for this bulb is
argon gas and mercury-vapor.

GENERAL DESIGN

Number of electrades s iy o ovimens vonivainssvscrarasaneses 2

Cat. No. of Socket required .o .oeveinrinniracianeeriannsns GE-K3778926

Cathode—thoriared tungsten filament:
Voltage........ St R R S R e 2.0=59 !
Current, amperes, APProX... ... .eeeurssanas 12.0 |
Pre-heating time, typical seconds. .....cvcvavuviineinainas o*

Tube voltage drop, volts d-c: Hor Cold J
MR e s v S s T R TS 9.0
MIRIMUM , 4 evn s e s nsnsasare s arnsassrrnrnnns 4.5 6.0
Averageduring life...ovviiinininiiiininiiiinnnnananns 6.0 7>

Starting (pick-up) volrage, volis d-c: Hot Cold
MEXIm. v cnmnanns srmenmmass s sassme s nmsesmses  OR) 11.0
DT+« eeeeeenee e naeeeaeaeasneesannaeanenneanns 2.5 8.0
Averageduring Life. . ..covvvvencinniiiniiinincnereniees 4.5 9.5

Net weight, 0unces, 8PProX. .. coveeocorreroraorameeesoanans 3,

N Shipping weight, ounces, approx.............. e BT 1
Length, inches, aPProxX. «.oveeeveriinierurnirsoiisninaens 3 454
Diameter, inches, approx.....voiiiiiiiiiiiiiiiiinieenaeas 205
RATINGS

, Maximum peak inverse voltage (half-wave circuit), volts..... 90 |
AVELAZe AMPETLS s 5 x o % wo ol wiaive 5 <o ot waiviets sn bara bian saa’s 5.0
Instantaneous (peak) amperes, recurrent......... RO 30.0

| Maximum d-c output, average VoltS. cuvreeeeirenanenreenns 20.0
Temperature limit, condensed mercury, degrees C. ......... 130

1
#*Under normal ambient temperature conditions, this wbe will deliver 80°
! of full outpur within three seconds after the -gi-mu.lmnec:us applial:nio'nlo? 'annc?:g
| and flament voltages. Longer life may be obsained by applying the anode voltage
one to three seconds later than the filament voliage. ) '



G-E

Cat. No. 16 X897
(RMA Type 4B27)

mounted in a vertical position.

GENERAL DESIGN

Number-of electrodes . iy iaimc s mesis sg s ms 3
Cat. No. of Socket required.. ..v.evees cvsnerransaneseons . GE-M-5556072G1
Cathode—coated filament: ' '
VOLtABE v areeeerernnnnsnnnnseness Tl 2,559,
Gurrent, amperes, appProx... .. - oo W N . i0
Pre-heating time recommended, seconds..........‘.... 300
Tubevo age dmp, volts d-c: Hof Cold*
Averagedurm hfe-. 2.0 :12_.5
Starting (;uck—up) voltage, volts d-c: Hot Cold*
AXIMUM . o vwicaann e e A R e e S 20.0 24.0
Minimum . «eeseeneananns T T T P I T ARS 1 8.0
Avetagedurmghfe......... AR s S s s TR 14.0
Net weight, ounces, approX... cooovieiiiiiiiiainainas, 3
Shipping weight, ounces, appProX........vovveennn oo 27
Length, inches, approx......... OTTRED .. - 6
Diameter, inChes, APPIrOX. cvuereurnenenrnenraeersnennns 215
RATINGS
Maximum peak voltage between anodes........oveenr.... 1000
Mammumcuzrent'
Average amperes Per an0de....eurrerinearrarananaaa.. 1.0
Average amperes, full-wave output per tube - 2.0
Insta; ¢ c) AMPEres, TECULTENT . «.uuuereesass 6.0
Maximum d-¢ outpur, average volts. . ......... 250
‘Maximum base temperature, degrees C....ocvvvicnaninns 20
¢ valnes are for the end of the 300-second cathode pre-heating time.

+Thes
Tubelo es are much greater, resulting in shor life, if the pre-heazins time is
shortened. ‘the..pm-hgan;ngumghnedmnst bgre\%euecl&::lﬁhmmt excitation
must be continoous if guarantees are to installed in & new
location this tube should be operated 10 minutes with filament voltage only.

TUNGAR BULB

Tungar bulb, Catalog 16X897,
is a twin-anode single ended mer-
cur{[vapot rectifier, designed for

igh-voltage full-wave operation.
Its applications are similar to those
outlined for Catalog 45X674
which include supplying power to
operate magnetic chucks, small
motors, etc. This bulb should be




G-E
TUNGAR BULB

Cat. No. 45X674
(RMA TYPE 5B24)

Tungar bulb, Catalog 45X674,

v also identified as JAN Type 38674
is a twin-anode single-ended mer-
cury-vapor rectifier, for high-volt-
age full-wave applications, It is
used extensively for charging 60-
celi batteries, supplying power to
operate magnetic chucks, small
motors, etc. This bulb should be
mounted in a vertical position.

GENERAL DESIGN |

Number of electrodes......ocvvus cuvunnn SRR e 3
Cat. No. of Socket required............... O e T GE-M-5556072G1
Cathode—coated filament:
T (70 e A e e e S P e e 2.5=59,
Current, amperes, APPIrOX .. v rerrenransranassernrnnnns 24
Pre-heating time recommended, seconds...... o, . 300
‘Tube voltage drop, volts d-c: Hot Cold*
Maximium..eveu.. I men oA Rt L 1] 18
Minimum . voneeneeeanas NSO 7.5
Average during life...ovonnnniiinoiiiiiiiiiinnan. 9.0 11.5
Starting (pick-up) voltage, volts d-&: Hot Cold*
NEDIMOMER o, oa o s diaisie st advaisse staisiaass arates s aioruisiais 8.5 8.5
Aversge dupinglifec. vinvivininvaiansiinn e seiie 115 13.0
Net weight, ounces, approX...,e-.eseveasaass R T i 415
Shipping weight, ounces, approX........c..oeaue.. S 27
Length, inches, approxX...c.ocveviansiicieanas P A e 733
* Diameter, inChes, APPIOX. v+ rvneersrennnranrennnsnnnesnn 314
RATINGS
15 Maximum peak voltage berween anodes.....ovvernrinenns 1000
' . Maximum curreat:
Average amperes Per An0de . .. c.evaieraaniaaians S 3.0
Average amperes, full-wave outpur per tube............ 6.0
Instantaneous (peak) amperes, recurrent...... SRR i 18.0
Maximum d-c output, average volts.... ... .o . i 250
Maximum base temperature, degrees C..veennnnnnrnnnnnan 90

#These values are for the end of the 300-second pre-heating time, Tube losses
are much greater, resulting in short life, if the pre-heating time is shortenec
The pre-heating time listed must be ms%m:u‘xl and filament excitation must be
continuous if guarantees are to apply. Wh e;.hﬁ:st installed in a new location rhis
tube should be operated for 10 minutes with filament voltage only.

T . o T i
s have unusually long life. :

v |
i E 4 i -
= Y . L o . -l ¥ =




G-E
TUNGAR BULB

Cat. No. 99X44

Tungar bulb, Catalog 99X44, is
a quick-starting half-wave rectifier, »
designed for use in comparatively
low-voltage circuits, principally
bartery charging. This bulb is also
widely used for operating 12-volt
relays and as a filament supply for
exciter lamps. The discharge
medinmis mermny-vaéao'rand argon

gas. This bulb should be operated
in a vertical position.
GENERAL DESIGN
Number of electrodes, . oovciiiniiiiiianas 2
| Car. No. of Socket required, Mogul....oiveeivinnracaas GE-217967
Cathode—thoriated mungsten Hlament:
VOIREe. - v ennnnias desie i ea e iaiaiale Vel e bR T e 2.2 45%
‘| Current, aMperes, APProXo ... . 17.5
Pre-heating time, typical seconds....oooeiiiiniiiiain, o
Tube voltage drop, volis d-c: Hot Cald
| Masimuil..eeeeersressievs SRR e e R 7L 9.5 10.5
1 MBIy svs o eosmoropesessnrynsess R e e o 45 5.5
| Average during life..cooviviinennnannaanes raseme e K 7.0
| Searting (pick-up) voltage, voles d-c: . Hot Cold
I MBI v s e e csurosovarsansocsnnsnssnssponssnsannsss 6.0 11.0
MAmimum. . oevenanes I R 11 - ZeS
Average during life.....ocoiiiiiiiiiiiiiiiiiniaiiees 3.5 6.0
Net weight; ounces, approX......coeeees A AT Sy 4
Shipping weight, Ounces, approsx. . oo CoTH & e 11
Length, inches, approx,......... ARSI B S R 7
Diameter, inches, approx.....ooicvieicaoas SR e alaTh 3
RATINGS
Maximum peak inverse voltage (halfwave circuit), volrs.. 105
r Maximum anode cugrent: -
' Average amperes. ..oooeiiiiiian 0.0
| Tnstantancous (peak) amperes, recurrent. coo e eeees 36.0
Maximum d-¢ ourput, average volis.....coooiiiiiaes G 25.0
I Maximum base temperature, degrees Co..oooo.oe PN TR 160

"Under normal u_n‘bingt temperature conditions, this wbe will deliver 807
of full ourput within three seconds sfter the I spplication of
anpde and flament voltages, Longer life may be obrined by applyving the
‘ anode voltage one to three seconds Inter than the flament voltmge.




_cmts for example, the charging of

G-E
TUNGAR BULB

Cat. No. 189048
(RMA Type 4B28)

Tungar bulb, Catalog 189048,
is a half-wave rectifier for use in
intermediate and low-voltage cir-

1 to 6 automobile storage batteries
in series. The discharge medium
for this bulb is argon gas which
allows quick starting.

GENERAL DESIGN

Number of electrodes. . covenn. . Vi e e T e e Y R e PR e T ir L
Cat. No. of Socket required, Mogul......... ...........................GE—ZI?%?
Cathode—thoriated mugstm filamenz:
B R R 2230
Current, amperes, approx. - - i g 17
Pre-heatmgnme,typ:calsecnn&s-.............._......._....._.._. ........... v O

Tti&e voltage drop. voll:s d-c:

- P R I T R R R A A R ER R R N R 550

A,veragedumghfe...... e Wb aTeie e nidieiel el el T T T ey 11 ]
Starting (pick-up) volmage, voles d-c:

Maximum. ...... S s S e e e e ST NI S PRI STeae Sl 1L

Migimum. coeveerrnenvanes B T R g RO A P N O e S . 100

Average during life......oovvevenann. B Sy SR e e o 1 o
Net weight, ounces, approx........oeeeereezans Y R PSR e e trr ol
Shipping weight, ounces, pprox. ......................... TN
Length, inches, approx....... N W R W e 7
Diamerer, inches, approx......... e N S I——— e 3

RATINGS

Maximum peak inverse voltage (half-wave circuit), volts... ...... ... a0
Maximum anode current:

Average ampPeres......ooveeiaiann TN OO O — W . 6.0

Tnstantaneous (peak) AMPEres, FECUITENT . . .. veeaxensiresisrirsrasrneseees 36.0
Maximum d-¢ output, average volis..ioseremnevaiianerneeans i B e a0

'nder normal ambient temperatore condmons. this tube will deliver 909,

#)
of full output within three seconds - the simultancous applicstion of nuode
and flament volaages. Inqgerh.?e obtained by applying the anode voli-
age one to three seconds later than :he filament volage.




&-E
TUNGAR BULB

Cat. No. 189049
(RMA Type 4B26)

Tungar bulb, Catalog 189049,
is a half-wave rectifier, similar to
Catalog 189048, but suitable for
higher-voltage applications, for ex-
ample, the charging of 1 to 12 auto-
mobile storage batteries in series.
The discharge medium is argon
gas which allows quick starting.

GENERAL DESIGN

Number of electrodes. . .. vuvurreere coeinrurneaecsirorerononas S e R
Cat, No. of Socker required, Mogul.. ..o vvravrnrenonan S erais e s GE217967
Cathode—thoriated tungsten filament: N
Voltage........ ST e i S e R A surae s mes B S Y
Current, 2AMPeres, APPIOX.. . cueaassanaessanatosnstesantaantesnsrrassasanssons 17
Pre-heating time, typical seconds. ....ooiiiiiaiiiiiainn B PR TR, S
Tubé€ voliage drop, volts d-c:
Maximum...eoerseeass G e R e N e PR P PP ST R T S ..--;..'......-..1]7__-'0_'
B
Avérage during life s TS
Starting (pick-up) voltage, volts d-c: i
Mﬁiiinﬁm...-.....,..-.................... ...... sEsmss e s resen s a s an eiaamaanl 6.0
AT e cesosiion s i mn SR N AR T e e AR i no e s 10D
Average during Lfe . ...oueeireineennrnssseeemeseremessasasrnrsrnassenenasnsl12.0
Ner weight, ounces, approx... .. RE R VS B S e, e s m e L it g 4
Shipping weight, ounces, approX......ee aecsas o e AT o e A .11
Length, inches, approx....oeveeiiiiiiiaiiiiiesiiasarnans S e —— .7
Diameter, inches, approx.......ccooviinn R e TR SR = e A ———— 3
RATINGS
Maximum peak inverse voltage, volrs:
Half-wave circuit........... A w T e comwaenm e crean 375
Full-wave circuit...... R R T P S . . |
Maximum anode current:
ANELAZE AMOELES . o v vvvvissrssrssssssnsanssessanoss ¢ SR s e N 2.
Instantaneous (peak) dmperes, rECULTENl. + consrre coveennanias e i 0w 3050
Maximum d-c output, average volts........... S e s

#Under aormal ambient témpérature conditions, this tube will deliver 90
of full _om‘;?u:. within three seconds after the simultaneous application af':anogf'
and filsment voltages. Longer life may be obtained by applying the anode voli-
‘age one to three seconds later than the filament voltage.
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G-E
TUNGAR BULB

Cat. No. 217283

Tungar bulb, Catalog 217283,
is a half-wave rectifier, suitable for
intermediate-voltage application.
This bulb is widely used to supply
d-¢c power for the arc in motion
picture projectors when two or
more bulbs are used. The discharge
medium is argon gas.

GENERAL DESIGN

Number of electrodes

5
Cat. No. of Socket required, MOZUL. . ...uuuenrnessneeseessssennserannnns GE-217967
Cathode—thoriated tungsten filament:

VLR o ot viaioeonias pinimim s s s s m It e 767 b e e e e 5 gy SR 5 55d 2:5=39,

CHUITent, APETES, BDDEOR: < siavsiie s e siais s halin St s e S st 25

Pre-heating time recommended, SeCONAS ... 0.tuireunarnisrrnenreninsosensnss 15%
Tube voltage drop, volts d-c:

D I 40 08 4 e oA P AT S T S To T 48,58 s memiy e 0130101 e Ao L8 ot 0t e 070 et e 9.0

by EL ek e P e oo o S ! 5.0

Average during life. ... ..oouin i e e aaaas 7.5
Starting (pick-up) voltage, volts d-c:

S a2 LT 16.0

Mitiondin et sl W S o SN N S 8.0

AVEHZE QUEINETIE, \ v s in s comiariai s s S s R i e s S St 12.0
Net weight, OUNCEs, APPIOT. < —wovevow s nin st dnias s sesiasns s tas by sssssdosh 515
Shipping weight, OUNCES, APPIOX. v uvutnnmm ettt ae et e e e e e e seests s, 27
Eength, InChes, APPION: s wvbam i il e S e s o o orea oo e 85¢
Diameter, inches, apProX. ... uuiuiiiiiieiiese e aes e e 334

RATINGS

Maximum peak inverse voltage (half-wave Love a0 L T P gy 225
Maximum anode current:

AvVerage amperes. ...........uu... T Ta 10y B o 1 e R AL A AT AR 2 e 15.0

Instantaneous (peak) amperes, recurrent. . .......o.onoon oL 90.0
Maximum d-c OUTpPUL, AVErage VOIS .o ouruu .ttt 60.0

“For long wabe life a pre-heating time of 15 seconds is recommended. Full
output can be obtained a5 5000 as power is applied to the anode after the pre-
heating time. The recommended tube pre-heating time must be respected and
filament excitation must be continuous if guarantecs are to apply.

Tungar bulbs operate with very low voltage drop.
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G-E
TUNGAR BULB

Cat. No. 76X13

Tungar bulb, Caralog 76X13,
is a half-wave high-current recti-»
fier, similar to 99X 45, but designed
for intermediate voltages. This
bulb is exrensively used in appli-
cations requiring high curreat.
The discharge medium is mercury
vapor and argon gas,

GENERAL DESIGN

Number of electrodes. .. ..o veeininiiiriierrsearanrens 2
Cat. No. of Socket required, Mogul......cvvevemennninninnnena., GE-217967
Cathode—thoriared mungsten filament:
TR o Ll el preih i eimme o 4 e b e o b ererm 2.6 =59,
Current, AMpPEres, APPIOK ... oevrrsrrrssenaaanasannsns 34
Pre:heating time recommended, seconds.........covvu. 180*
Tube voltage drop, volts d-c: Hor Cold
IR LI wow o s rm W W S & B3 o RS 0 o e M AR e 11.0 15.0
IV POITIE s a3 S e i e TR e i s SR S bR e 5.0 8.0
Average during life....covvviiivneneniiiiiaaionieani, 6.5 12.0
Starting (pick-up) voltage, volts d-c: Hot Coled
VB TN i s v s s aisre s wsm v e ey b e ada o Wit ra s = 6.0 12.0
IVBIETITHIL ¢ <iaaie din vomn o Arhs s o b 668 M 4 B e e e s e o 2 e aia 2.0 5.0
Average during life...oovvivenenrennnrrrrssiissasners 2.6 7.0
Net weight, OUnces, APProX... coaceeeercasrorsnsrnnsnesns 615
Shipping weight, ounces, apProx.. oo erereeeceaeeanen.s 27 3
Leasth mches APDIOE v vivv s sicsmmsssssamsimviyin e s e 91y
Diameter, inches, apProX..:c vieeruiiasarrionssssoanaens 315
RATINGS
Maximum peak inverse voltage (half-wave circuit), volts.. .. 275
Maximum anode current:
ATCIAEE ATOPETES o vjooinvis smissraninmnssaassrs sy resssssess 20
Instantaneous (peak) amperes, reCurrent. «voeeeeavannan 120
Maximum d-c output, average vOlts.....covvivniiiaiins 75
Maximum base temperature, degrees C...coovvviiiiinaan. 160
*The recommended pre-heating rime helps to assure long tbe life. 1 guaran-
tees are to apply the recommended pre-heating time must be reéspected. When
gﬁlsl'ryinsmlled this tube should be operated 10 minutes with filament voltage
20 |
3 i i ;

G-E Tungar bulbs are improved by c'ans'rurir-.r‘_esfe-.dréh.




G-E
TUNGAR BULB

CAT. NO. 99X45

| Tungar bulb, Catalog 99X45,
| is a half-wave rectifier, designed for
_J high current at low voltages. It
is particularly well adapted for use
in battery boosters where two bulbs
will give a charging rate of 40
amperes. The discharge medium is
mercury-vapor and argon gas. '

GENERAL DESIGN

Number of electrodes. . ......cooieiiiiiiaa.. R R 2
Cat. No. of Socket required, Mogu.l ........... R A GE-217967
Cathode—thoriated tungsten filament:
Volage. civsvsnas v v vl v e e beds S9eas 2.6=5%
Current, amperes, aPProX. . vvererreicainairanss Ve 34
Pre-heating time recommended, seconds............... 15%
Tube voltage drop, volts d-c: Hot Cold
Maximuin. i iasisanss siaaiai s N T b e 9.0 10.0
Minimum. ccvveeoearansnsanans R, O e R o L A, 4.5 6.0
Average dm:mg T, et mmmon o psonn i e o 7.5 8.5
Starting (pick-up) voltage, volts d-c: Hot Cold
WA AT o, P N W N, seeee BN N . 6.0 12.0
VTIN5 S W i 2.5 3.0
| Averageduring life.....covniiiiiiiiiiiiininns et R L
‘ Net weight, OUNCES, APPIOX s v vt s reerannnnnnnesneseenss 614
Shipping weight, ounces, approX.......ooviiiiieneannn.. 27
- Length, inches, approx...........ooouut. R N e 914
| Diameter, inches, apProX....ovieeieietaieaaeanrannnnns 315
i RATINGS
. Maximum peak inverse voltage (half-wave circuit) volts. ... - 110
Maximum anode current:
Average amnpPeres: . e isien s asasdie i enes s edes e 20
Instantaneous (peak) amperes, recurrent.. ... ...ovva.. i 120
Maximum d-c output, average voltS.....ovviiiunnnnnn sies 25
Maximum base temperature, degrees Co.oovvvvnrrnnnnn.n. 160

#The recommended pre-heating time listed must be respected and filament
excitation must be continuous if guarantees are to apply. When installed in a
nm location this ube should be operated for 10 minutes with filament voltage |
only.




G-E TUNGAR BULB FEATURES

1. Pure Argon Gas—The
gas with which Tungar
bulbs are filled is over
99.5%, pure when pur-
chased. Even this purity
cannot insure long life,
It is further necessary to
subject this argon gas 10
four different treatments
to remove all impurities.
The resulting high puri-
ty is one of the reasons
for the long, efficient
life of Tungir bulbs.

2. Gas Remains Pure—
The silver-colored mag-
pesium coating on the
inside of all Tungar
bulbs absorbs any traces
of impurities that are
given off during the
operation of the bulb.
This feature also helps
to assure long, efficient
operation-

3. Long Filament Life—
The selected thoriated
tungsten wire which
forms the filament must
pass rigid test specifica-
rions. After assembly;
the filament is given a
special treatment to fur-
ther assure long, effi-
cient operating life.

4. Strong Filament Con-
struction—Welding the
filament to the leads
forms a complete union
that will withstand high
operating temperatures.

5. Rigid Tungsten Leads
Are made by our own
factory which pioneered
the process of making
fungsten wire.

‘obta

—as ERTLAABALARARRREL
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12. Welded Base Contact—This pro-
vides a more durable and permanent
connection than dosoldered contacts.

The raw materials used in Tungar bulbs are, the finest

e rigidly 1y tes

6. Strong Heat-resistant
Glass—Only heat-resist-
ing glass is used in Tun-
gar bulb construction.
This glass and the tung-
sten expand and contract
at the same rate, thus
eliminating in Tungar
bulbs the possibilities of
breakape due to unequa
expansion.

7. Speciol Threads on
Anode and Anode Lead—
A uniform low resistance
contact is provided by
special threads on the
anode and anode lead.

8. High—quuolity Graphite
Anode—The graphite
used in rthe anode of
Tungar bulbs is selected
for its high quality. It is
given special high tem-
perature vacuum treat-
ments to enable it to
withstand bombardment
and be gas-free through-
out the life of the bulb.

9. SmoothBulb Surface—
The outside surface of
all Tungar bulbs is
smooth. Bulbs have no
seal-off tip to become
broken.

10. Special Basing Com-
pound—The base is held
permanently to the bulb
by a special basing com-
pound used exclusively
by General Electric.

11. The G-E Monogram—
Here is assurance that
the high quality of Tun-
gar bulbs will be con-
tinued and improved as
new materials and proc-
esses are developed.

efore being




Standard Edison Catalog GE-K-3778926 Cutalpg GE-278768

Catalog GE-5556072G1 Catalog GE-217967

The correct socket to be used with each type of
Tungar bulb is listed on preceding data pages.

TUNGAR BULB FILAMENTS

% =

Filament sag after Filament sag after Filament sag after
1500 to 2000 bours 3000 7o 4000 hours 5000 or move hours

| tThe approximate life of a Tungsten filament type Tungar bulb is indicated
by filament sag. When such a bulb is overloaded or operated at higher than
its rated output, the filament life is shortened considerably.
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TUNGAR BULB HELPFUL HINTS

A few minutes’attention periodically will help to keep Tungar
bulbs operating properly. No technical knowledge is required
to make these four important checks.

Check the socket to make cerrain
that it is clean and not corroded or
pitted. If cleaning is necessary to get
a good contact, use sandpaper to
remove the corrosion.

Keep the bulb tightly screwed in the
socket. Check frequently to make cer-
tain that the bulb has not come loose.

Check the anode clip and connec-
tion to make certain of a good con-
tact. If the clip connector has lost
its tension, replace it immediately.

Before installing in a new
location, check the power input
to the recrifier to be sure the a-c
supply voltage corresponds to
the rating of the transformer.

THE SECRET OF SERVICE IS CARE
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