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s  PHYSICS AND CHARACTERISTICS OF GLOW LAMPS

where V. is the supply voltage, V, the counter E.M.F., R; the internal resistance
of the lamp and Ry all external resistance in series with the lamp.

It is also possible to approximate maintaining voltage (Vi) through the use
of the formula:

Vo =Vt Bl (1.2)

In a similar manner, extinguishing voltage (V.) can be approximated as:

N LA Y (1.3)

Rated Life And Aging

In order to appreciate the parameters involved in setting the rated life of
a glow lamp it is necessary toconsider separately the two basic glow lamp types
—standard brightness and high brightness.

STANDARD BRIGHTNESS LAMPS

Standard brightness types, such as the A1A and 5AB, will continue to light
for an indefinite period if given proper care and operated under suitable voltage
and current conditions. However, their useful life is generally limited by slow
bulb blackening with consequent reduction in lamp brightness, and by a gradual
rise in breakdown and maintaining voltages. For these reasons, those standard
brightness types used purely for visual indication are said to reach end of rated
life when their light output has decreased to 50% of its initial value.

Obviously, it is the change in breakdown and maintaining voltages which
are of primary interest when the lamp is used as a circuit component, and the
rated life of lamps intended for circuit component application is therefore
based upon this change. The lamp specificationsin Chapter Six show the average
voltage changes which can be expected to occur after operation at design current
for a stated number of hours. Some glow lamps are made to special tolerances
or ranges. One example is the breakdown voltage of the 5AB-A, which remains
within its initial tolerances for a stated number of hours.

For currents up to approximately one milliamp, the useful life of standard
brightness glow lamps, either as a visual indicator or as a circuit element, is
inversely proportional to the third power of the lamp current. For example, the
rated life figure of a particular neon lamp may be either multiplied or divided
by eight by either reducing the current to one-half normal rated current or
doubling it, respectively.

Operation of these types below 50 microamperes should be avoided for
several reasons, among them the possibility of operation in the negative
resistance portion of the lamp characteristic curve.

STARTING VOLTS
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Fig. 1.6. Typical Firing Voltage Change as a Function of Operating Time
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. upoh the application, any one or all three of these may be important.

For the purpose of this discussion, the following definitions are assumed:

. A. Ionization time is the time required for full operating current and i
light output to be obtained following the application of a signal in excess ]

of breakdown voltage to a non-conducting lamp. i

B. Deionization time is the time required for the lamp to recover initial 5«;
breakdown voltage conditions following a period of conduction. !
!

C. Transmission time is the time required for a change in operating current
to appear in the output following the application of a signal to a lamp
already in a conducting state.
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Fig. 1.2. Influence of Volts in Excess of Breakdown
on lonizing Time
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The ionization time is a function of the applied voltage in excess of the
static breakdown voltage. Static breakdown voltage is the voltage value at which
a lamp first starts, in 5 to 50 foot-candles of ambient light, after 24 hours or
more in the non-conducting state. No external starting aids, such as closely
coupled electrostatic fields are present, and the applied voltage has a slow
rate of rise in the order of volts per second. Figure 1.2 shows a typical ionizing
time curve for aglow lampinlight. For an applied step voltage slightly in excess
of breakdown the ionizing time may be of the order of 300 microseconds, while
if voltages of 60 to 70 volts in excess are applied, this time may be reduced to
less than 25 microseconds. Indarkness these times are longer but can be reduced
through the use of radioactive additives. However, «‘dark effect’’ cannot be
completely eliminated without the use of prohibitively high radiation intensities.
(See section on External Effects.)
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The deionizing time is the time required for the complete recombination
of the ions and electrons in the gas. Complete deionization is evidenced by a
return to the lamp’s static breakdown voltage from a lower voltage immediately
following the cessation of conduction. This may require as much as 50 milli-
seconds. In normal applications the lampis reionized before complete deioniza-
tion has taken place, which extends the upper frequency to about 20 kilocycles.
Figure 1.3 shows typical reionization times for a lamp as a function of the prior
conduction current and the time interval between the trailing edge of one pulse
and the leading edge of the next.
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