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LUMINESCENCE
AND ITS APPLICATION TO TELEVISION

TELEVISION SOCIETY. THIRD KERR MEMORIAL LECTURE
The third Kerr Memorial lecture on" Luminescence and its Application to Television" was delivered by
Dr. Leonard Levy, M.A., F .I.C., and D. W. West, Esq., A.C.G.I., at the Institution of

Electrical Engineers.
The following is a summary of the lecture, a full report of which appears in the Journal of the

Television Society.

IN a paper which we communicated
to the Institute of Electrical Engi-
neers two years ago (Levy and

West, Journal Inst. Elec. Eng., Vol.
79, July, 1936) we dealt generally
with the question of fluorescent
screens used in cathode-ray tubes for
television and for other purposes.
We propose, in this lecture, to dis-
cuss in some detail a few of the more
interesting phenomena connected
with luminescence, but to confine our
remarks on the practical problems of
cathode luminescence to such changes
and developments as have taken
place ,since the date of our former
communication.

Spectrum
Range

The fluorescence exhibited by
some phosphors is substantially
monochromatic, whilst in other cases
it is spread over a large portion of
the visible spectrum. With certain
compounds indeed it extends well
beyond the visible into the ultra-
violet. Zinc silicate and zinc phos-
phate are good examples of the first
class. Their fluorescence is confined
to a narrow band and when these
substances display phosphorescence,
this is of the same wavelength as the
fluorescence. On the other hand
most tung-states and sulphides fluor-
esce over one or more wide bands of
the spectrum. Thus the fluorescence
of cadmium and magnesium tung-
states are both substantially white,
being only slightly tinted yellow -
green and blue respectively. The
fluorescence of zinc .sulphides is
usually composed of bands in the blue
and green, and sometimes extending
into the yellow, according to the
amount of copper phosphorogen em-
ployed. Thus it is possible to pro-
duce a zinc sulphide with copper
phosphorogen of almost any shade
from a deep blue to yellow green.

In the case of this type of sub-
stance with composite fluorescence,

the phosphorescence is often selec-
tive, the longer wavelengths being
usually more persistent. This causes
the phenomenon of blue fluorescing
zinc sulphide giving a green or yel-
low -green phosphorescence, while
yellow zinc cadmium sulphides often
display a red afterglow. We do not
know of any case where the phos-
phorescence is of shorter wavelength
than the fluorescence, although this
may appear to be so in the case of
mixed phosphors.

Types of
Substances

Luminescent substances are of
several different types. The type of
the most practical importance is per-
haps exemplified by the luminescent
sulphides, notably zinc and zinc cad-
mium sulphides. This type of sub-
stance has three very well marked
characteristics :

(a) The presence of a small trace
of impurity, known as a phosphoro-
gen, is essential for their proper func-
tioning. The amount of phosphoro-
gen required varies considerably, the
usual amount being about one part
in ten or twenty thousand. In cer-
tain instances as little as one part in
a million produces a well -marked and
unmistakeable effect.

Luminescent zinc sulphide pre-
pared in as pure a state as possible
exhibits a blue fluorescence with but
little phosphorescence. If one part
in one million of copper is added, the
fluorescence becomes blue-green, and
the phosphorescence is considerably
increased. These effects are very
marked indeed when the proportion
of copper is increased to one part in
foo,000.

(b) If even very small traces of
certain substances, notably some of
the heavy metals, are present, the
luminescent properties are almost en-
tirely destroyed, or at all events
reduced so greatly that the substance
loses all practical value. This charac-

teristic is not confined to the type of
luminescent substance which requires
a phosphorogen, but is general in
most luminescent substances. It is,
however, by far the most marked in
the phosphorogen type.

Comparison of zinc sulphide con-
taining one part in ioo,000 of copper
with and without addition of one part
in to,000 of iron shows that the latter
poisons the fluorescence, greatly re-
ducing its intensity. The phosphor-
escence is also reduced but not to
so great an extent.

(c) The luminescent properties are
only displayed when the substance is
in crystalline form. It therefore fol-
lows that any amorphous precipitate
must be heated to convert it into a
crystalline form before its luminescent
properties are displayed.

It will be appreciated that the first
two characteristics entail considerable
difficulties in the production of lumin-
escent substances of the greatest effi-
ciency. Owing to the prejudicial
effect of very minute traces of certain
heavy metals, the conditions under
which these substances are produced
are more akin to those appertaining
to bacteriological practice than those
of ordinary chemical processes.

The production of luminescent sul-
phides is usually effected by precipi-
tation of the sulphide in the highest
possible degree of purity, the addi-
tion of the necessary amount of phos-
phorogen together with certain salts
which act as fluxes, and a final heat-
ing of the amorphous precipitate.

Apparent
Colour

The apparent colour of fluor-
escence depends upon the nature and
amount of the extraneous illumina-
tion. Fluorescence, which when
viewed in nearly total darkness ap-
pears white, will assume a tinted
appearance if viewed by the light
of gas -filled lamps. As modern
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