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OF “WHITE” LIGHT

~

by P. J. BOUMA.

Summary. The requirements which have to be satisfied as regards colour reproduction
differ considerably for different practical applications. An investigation is made as to what
conditions the spectral distribution and the point in the colour triangle have to meet:
a) In order to obtain a “pleasing and agreeable” reproductlon ‘of colour (i.e. suitable -

for indoor illumination); and

b) To obtain a “correct and natural” colour reproduction - (i.e. comc1d1ng with that

obtained in daylight).

‘ A method is developed with the aid of Ostw ald colour cards for the comparison and
" estimation of colour reproduction of different light sources. This is followed by a dlSCuSSlOIl
of a series of examples of hght sources which simulate dayhght
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In a previous article 1) it has already been shown
that the colours which we perceive in surrounding
objects are determined to a marked degree by the
nature of the light which is incident on these -
objec{:s. It thus follows that certain types of light
are quite unsuitable for some purposes of illumin-
ation. Thus sodium lighting cannot be used in

11V1ng rooms, where a differentiation between '
colours must be possible and ‘the colours of differént-

‘objects must appear pleasing and possess more
or less their natural hues, requirements which ‘sodium
lighting is by no means able to meet. A further
example is mércury light which cannot be indis-
criminately used in stores where coloured materials
are sold, for these colours not only appear different
under mercury lighting than in daylight, and a
purchase may easily lead to keen disappointment
when seen later in daylight, but it may even occur

that under imercury lighting two materials will -

produce exactly the same colour sensation, while
appearing entirely different in daylight 2).

These examples indicate that the problem of
providing a satisfactory source of “white” light
is rendered increasingly difficult owing to the

1) Philips techn. Rev., 1, 283, 1936.

~2) This staté of affairs’is reached already “when e.g.- -the
reflecting powers of the two substances in the red band
differ considerably and are the same for other spectral
colours.

variety of requirements which have to be met in
individual cases. It is obvious that.a single source
of light cannot be evolved which will give a satis- -
“factory illumination in all circumstances. .

For use in living rooms the principal requirement

_is that the light must be pleasing and not irritating,
while in stores and wherever colours have to be -
“differentiated, judged or compared, thereproduction -

-of colours must be as close as possible to their
dayhght hues. It will be found below that these
requirements are in general’ mcompatlble _ '
We shall at the outset discuss the first require-
ment and considef the question'

“What types of light glve a pleasmg reproductlon
of colour ?

We are dealing here with an essentlally practlcal _.
problem which cannot be disposed with by mere
theoretical analysis. To obtain an ' appropriate
answer to our question we would have to exhibit
a wide variety of light sources to a large number
of observers, asking them to select that giving the
most pleasing and agreeable illumination. But it
is doubtful whether an investigation on even these
comprehensive lines could lead to a satisfactory
solution.
source would be governed inter aha, by the fol-
lowmg factors: ‘

Selection of - the, most pleasing -light ... ~ .3
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1. The question of habit: We have become so
accustomed to seeing by daylight (with high
intensities) during the day and by electric
light (with lower intensities) during the evening,
that we are inclined to regard all sources of
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light markedly different to them as “un-

natural”.
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"Fig. 1. Spectral distribution of various sources of “white”

light. 1) Daylight, overcast. 2) The light from a clear blue sky.

- 3) Gasfilled incandescent electriclamp. 4 ) Vacuum incandescent

electric lamp. 5) Incandescent gas lamp. 6) Carbon filament
electric lamp. 7) Paraffin lamp. 8) Daylight lamp.
(The intensity at 5900 A is taken equal to 100).

C 2. * The method of coxﬁparison: A source - of
light may be intrinsically quite pleasing and’

yet appear unsatisfactory if its suitability is
tested at the same time as or immediately

after a test on an entirely different type of

light. A
3. The question of intensity: It is evident
_that preference will be given to a different type
of light at higher intensities than at lower
intensities. . N
. As afirst step towards the solution of this problem,

we shall invéstigate those sources of light which.

have hitherto been found suitable and satis-
factory in practice. .

For a series of light sources, the spectral distribu-
tion (the energy E at 1 = 5900 A being put equal

~ to 100 for all light sources) is shown in fig. I, while
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in the colour triangle in fig. 2 the points are marked
corresponding to the light emanating from the light
source 3). We have represented the different light
sources in both ways here, because the spectral
distribution alone does not give us directly an idea '
of the nature of the colour sensation produced
by the light. source itself, while on the other hand
the colour triangle gives little information how
each particular type of light reproduces the sur-
rounding colowrs. In this respect, there is, for
example, little similarity between daylight and a
mixture of two complementary spectral colours
(yellow and blue). If the mixture has been made
in the correct proportions, then the light emanating .
directly from the two light sources will give the
same colour sensation and is therefore represented : -
by the same point in the colour triangle. But the
reproduction of colour is entirely different:
the second light source makes all objects appear

" - white, grey, blue or yellow (the last-named colours

with different .degrees of saturation).
The following types of light are represented in
the figures:

1) Daylight (rvesults of measurements made at
Utrecht with an overcast sky). The composition
of the light varies fairly considerably; in fig. 2
a few results are given, while in fig. 1 only one
spectral curve is given as an example.
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Fig. 2. Colour triangle with spectral colours ( ), black
bodies (----), the light sources in fig. 1 (Nos. I to 8), high-
pressure mercury lamp (9) and super-high-pressure mercury
lamp (10). ' .

2) The light from a clear blue sky (also from_v
measurements at Utiecht). This type of light is

3) Regarding the representation of colours in a triangle see
Philips techn. Rev. 1, 283, 1936. In addition to the various
sources of “white” light the spectral colours ( ) and the
black bodies of various temperatures (----) are also in-
cluded in the diagram. Lo
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obtained in the main when on sunny days we
are at any point in' -the shade. These lights

(1) and (2) at the brightnesses occurring during

the day are generally found to be satisfactory.
3) The light from a gasﬁlled incandescent electnc
lamp. -
"4) The light from a vacuum mcandescent lamp.

5) Incandescent gas lamp.
Both as regards spectral distribution and the
point in the colour triangle, these three light
sources differ very considerably from daylight.
Yet on the whole they are regarded as satis-
factory, and we find them pleasing. The diver-
gence in colour reproduction (compared to that
obtained with daylight) only tends to become
disturbing - when an attempt is made to
differentiate colours with these lights. In
other respects we are hardly aware of how very
different objects appear when seen in these
lights than when viewed in daylight.

6) The oldest type of electric lamp:- the carbon
filament lamp.

7) The paraffin lamp.
These two types of light differ still more from
daylight, and have a fairly saturated orange-

yellow colour. The paraffin lamp is also accepted.

as, giving an agreeable light, although the
divergence in colour reproduction is so pro-
nounced that we are quite well aware of this
divergence in everyday life.

8) A socalled daylight lamp, ie. a gasfilled in-
candescent electric lamp with a special blue
bulb which serves to adapt the light to daylight.
The following general remarks may be added to

supplement the above:

In the colour triangle all points for the types of

light under consideration lie either on or close
to the line for the black body (-----). All have
spectral distributions without sharp maxima or
- minima; daylight (1) and (2) give very high
colour temperatures (4500 to 8000 °K), while

those sources used for interior illumination have

much lower colour temperatures (1750 to 2850 °K).

Why do we prefer for interior illumination such
sources of light which have a much lower colour
temperature, i.e. are more yellowish than sunlight ?

It might be assumed that we have chosen them .

just because they are the only sources of light
"which have been evolved on a commercial scale
~ and that we have gradually grown accustomed to

".4) The colour temperature of a light source is the temperature
which a black body ought to have to give the same relative
spectral distribution.
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them. But this would not be correct. We can quite °

‘readily modify the colour of our light with lamp

shades and coloured transparent materials, and the
striking observation is then made that the great
majority of these materials are yellow, ie. by,
shading our electric lamps we are still further-
reducing the colour temperature. To obtain a
pleasing appearance we depart still further from

" daylight, electric lamps per se already marking
a divergence therefrom. The ‘conclusion to be °°

drawn is therefore that during the day we are very
well satisfied with daylight but . . . at the small
intensities which we have in living rooms during
the evening, we show a preference for a more .
yellowish light, i.e. light with the lower colour tem-
perature. Light of equivalent spectral comﬁosition
to dayhght appears cold and lacks cheerfulness
at low intensities.

These assertions are conﬁrmed by a wealth of
practical experience. During eclipses of the sun
our surroundings appéar pratically the same as in
ordinary daylight, but are illuminated with a much
lower intensity. The sensation obtained is by
no means cheerful since the colour temperature
is too high for this intensity. For the self-same’
reason daylight lamps used in a. hvmg room do
not as a rule give a pleasing effect. If on dull days
the daylight entering our rboxﬁs appears insuf-
ficient, supplementing it withelect.ric light produces
a depressing result: The combination gives us a
spectral distribution to which we are not accus-
tomed under ' these cu:cumstances, we therefore
don’t like it. ‘

An important factor in ]udgmg the smtablhty
of a particular source of light for indoor illumination
is whether colour distortion may suggest to us -
disagreeable things, for instance whéther the face
looks unhealthy and food assumes unnatural colours,
etc. One of the factors which lead us to lower colour
temperatures is certainly that with such light
sources the skin appears to have a fresher and l
healthier colour. ) :

In general, we are inclined to make up for the
lack of illumination provided by artificial light as
compared with daylight by the use of “warmer”’
colours (i.e. usually those containing more red).
. The most acceptable sources of light for indoor
illuiination are therefore, those whose spectral

distribution closely resembles that of a black body - -

with a low colour temperature (2800 °K or less)
Yet to prov1de a comprehensive answer to the
question posed above.extensive investigations are -
still necessary. '

We now come to the second question:
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What light sources offer a ¢“correct” colour
reproduction ? '

In other words: What requlrements must a‘light

source satisfy in order to reproduce colours in the
-same way as in daylight?

As we- have already seen above, a consideration
of the points in the colour triangle here again
cannot provide us with an answer. We must more-
over also take the spectral distribution into con-
sideration. Colour reproduction will only be ab-

“solutely identical with that in daylight, when the
spectral composition is fully equlvalent to that
of daylight.

But just as the eye experiences difficulty in
differentiating between small differences in bright-
ness ®), so also is it unable to distinguish very
slight differences in colour. There is in fact a certain
minimum difference — which for the sake of brevity
we shall term a step — which is necessary before
differentiation becomes possible on comparing
two colours.

I\
80 -

60}

40
. L

, .
L, 3 . Lg
ollt21s| 44 | 45 | 46 | & |48

4000 %24500 5000 5500 6000 6500  /000A

- =) 20403

Fig. 3. Spectral flux distribution of daylight (energy dis-
tribution times ocular sensitivity curve) with subdivision into
sections /,, 4,, . . . each giving a total luminous ﬂux of
L, Ly, ... respectlvely

It thus follows that the relative spectral distribu-
tion of the lamp which is to simulate daylight need
not be absolutely equivalent to that of daylight.

) See Philips techn. Rev. 1, 102, 1936.

Not only can the relative proportions of a specific
wave length to the total intensity in the two spectra
be slightly different, but the light with a particular

‘wave length can also be replaced by that of a

neighbouring wave length. Hence it is even pos-
sible to simulate daylight with a source of light

“‘which has a line spectrum, provided the lines

(if necessary supplemented by a continuous band)
sufficiently fill the whole of the visible region. It is
found here also that mercury light (see also fig. 2;
9 apphed to a high-pressure mercure lamp, and 10
to a super-high-pressure variety) even if suficient

red light is mixed with it, is again not suitable

for simulating daylight: The spectrum contains
gaps of still too great an extent, particularly in
the blue-green and the blue. ,

How can we arrive at a quantitative standard
which the spectral distribution must satisfy? In
fig. 3 the spectral flux distribution of daylight
is shown %). The wave-length band is divided into

. sections 4,, 4,, . .., each section making a flux

contribution of L, Ly, . . . (proportional to the
area under the curve of each sectional component).
‘When using the same subdivision for another source

_of light we get corresponding values L/, L/, . . .

If these sections have been taken sufficiently

“small, the substitutional light source will simulate

daylight with sufficient accuracy, when the com-
ponents L', L,’ . differ by less than p;, p,, . . .
per cent from the values Ly, Ly, - ..

~ Investigations were made to determine to what
extent the colour sensation due to an arbitrary
pigment could fluctuate when illuminated by dif-
ferent light sources with components L,, L,, Ly

It was found that the following subdivision of
the wave-length band into eight sections was suf-

. ficient: 4000-4200-4400-4600-5000-5500-6000-6500-

7000 Angstrom units. It was desirable — as adopted
here — to make a finer subdivision in the blue
than in the rest of the band. The method of sub-
division employed was found more satlsfactory
than a subdivision into ten equal components.
With this subdivision how large are the permis-
sible tolerances p,, ps, P3, - - - i.e. how far can the
the flux components of the lamp and daylight differ
in each of the selected divisions without the quality
of colour reproduction being adversely affected?
To investigate this question we shall assume that
colour reproduction may be regarded as satis-
factory when an arbitrary object, illuminated partly’
with daylight and partly from another source

8) This curve is obtained by multiplying the spectral energy
* distribution E (A1) (fig. 1, curve I) by the relative ocular
sensitivity ¥ (1). . L
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of light, exhibits a colour difference not exceeding
4 steps. On this basis, it can be calculated that the
tolerances in the eight . wave-length "sub-bands
chosen are roughly the same (confirming that the

" method of resolution was correct); they were all
20 to 25 per cent.

-

150 - =
£ ~l
A VYAY:E
125 ‘/ N .!3
/ : 12\.\\\ . _
/ . <]\
100 ~ I N
| P~
\, L~ N .
. . /<\\ // X

.50

25

4000

— = )\ 20404

Fig. 4. Spectral distribution of various sources of “white light.
1) Daylight (overcast),
11) Black body (5000 °K.),
12) Mean of curves I and 2 in fig. 1,
~ 13) Standard light source C (L.C.I., 1931).
(The energy at 5900 A is taken as 100).

This conclusion will be discussed on the basis

of a number of examples. -

It is seen from fig. 1 that the energy distribu- .

tions in the gas-filled incandescent lamp (3) and

the vacuum lamp (4) differ by more than 25 per cent

only in the blue. These two light sources thus differ
- slightly too much from each other to permit us to -
regard them as giving an identical colour reproduc-.
tion. Also the difference between the daylight

lamp (8) and daylight (1) is still too great.

Fig. 4 gives the curve I for the daylight measure-
ments reproduced in fig. 1 and also the curve 11 for
t]ie radiation of a black body at 5000 °K. Within
the tolerances stated above the two curves are
in satisfactory agreement. In regard to colour-
reproduction it is thus permissible to replace the
light obtained with a clouded sky. by that afforded
by a black body at 5000°K. - '

Curves 12 and 13 in fig. 4 also coincide within
the limits laid down. These represent the mean

- of the curves for -an overcast and a clear sky
- (curves 1 and 2 of fig. 1) and the standard light
source (C) used as specified by the International

4500 5000 5500 6000 6500  7000A
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Commission on Illumination (1931), in order to
determine the appearance of colours under average
daylight illumination. _

Finally, it may be concluded from fig. 1 that the

paraffin lamp (7 ), the incandescent electriclamp (3)

and daylight (1) differ far too much from each
other to ensure equivalent colour reproduction.
Colour reproduction with gaslight (5) is prae-
tically the same as with electric light (3) (the dif-
ferences being rather large only in the red).

‘How can we compare the colour reproduction of

two light sources?

Up to the present we have studied what condi-.

_ tions the spectral distribution of a light source must -

satisfy in order that its colour reproduction shall -
satisfactorily approximate to that of another light
source. To ascertain under practical conditions how
far the agreement between the two light sources
extends, the best way lies in observing a large
number of coloured objects under the illumination
of each of the sources in question. ’

A series of objects most suitable for this purpose
are the colour cards of the well-known Ostwald

RED

" BLUISH-GREEN

Fig. 5. Comparison of colour reproduction between a daylight
lamp and daylight. '
3) Region
2) Region

of unsatisfactory agreement,
of moderate agreement,

1) Region of good agreement, and

0) Region of full agreement.

The components represent the colour cards of the Ostwald
colour atlas. The saturated colours lie at the outside and the
less saturated colours at the middle. )

colour atlas. This collection contains about 2000
coloured cards, each of which is denoted by two
letters and a number- (e.g. oc'83). The first letter -
denotes the saturation of the colour, the second
the coefficient of total reflection, and the number -




the dominant wave-length 7). Let us select from
this series the groups dc, ec, fc . . . pc and
of these the numbers 0, 4, 8, . . . 96, arranging
the cards in concentric circles as shown in fig. 5.
The complete notation is marked on several of
the cards in the illustration. In broad outline this
arrangement corresponds to that in the colour
triangle; in the middle are all the very unsaturated
colours (groups dc and ec), while towards the edges
the colours become progressively more saturated
_ (groups oc and pc).

If now each of the two halves of each card is
illuminated with a different type of light, the
_degree of equivalence can be expressed numerically,
viz.; '

0: No difference;

1: Just perceptible difference;

2: Distinct difference; .

3: Very marked difference (the sensation of an
entirely different colour is created). .

If the numbers ascribed to the different cards
are plotted in fig. 5, we get a specific region 3 of
very slight agreement, a region 2 of moderate
agreement, a regién 1 of good agreement and pos-
sibly also a region 0 of perfect equivalence. Fig. 5
show the results of a comparison between a daylight
lamp (incandescent electric lamp with special blue
bulb, see also fig. 1, curve 8) and ordinary daylight.
The unsaturated colours are still badly reproduced,

“and of the saturated colours purple is the least
satisfactory. The direction of colour displacement

20410

Fig. 6. Comparison of colour reproduction with a mercury-
‘neon compound source with that obtained with daylight.

7) Regarding the definition of the terms “degree of saturation”
and “dominant wave-length”, see Philips tech. Rev.-

1, 283, 1936. The degree of saturation and the dominant

* . "wave length of the colours here intended are those which
the cards possess in daylight. '
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is shown in the diagram b‘y arrows.  Purple is
‘reproduced with a little too much red, the green is
too much akin to yellowish-green, and the blue

REO

YeLLOW

]

/ 1T
%' .

BLUISH-GREEN

Fig. 7. Comparison of colour reproduction with a mercury-
neon-fluorescent compound source with- that obtained with
daylight.

is a little too unsaturated. These deviations are
mainly due to the fact that the daylight lamp still
gives too little light at the shortest visible wave-
lengths (see fig. 1).

Fig. 6 shows a comparison between a mercury
lamp to which red has been added in the form of
neon. light, and daylight. Here there is a very
large region of unsatisfactory colour reproduction,
the reason for this being, as already indicated,
the large gaps in the spectrum. ,

Fig. 7 compares daylight with a similar mixture
of mercury and neon, but which has been improved
by the use of a carefully-selected fluorescent bulb
and accurate adjustment of the quantity of neon
light. Region 3 has here just completely disappeared,
and colour reproduction is throughout satisfactory.
In fact with light from this source the surroundings
appeared perfectly “natural”. The gaps in the
mercury spectrum were adequately filled by the
neon light and the fluorescent light.

Finally, fig. 8 compares daylight with a “blended-
light” lamp (70-watt super-high-pressure mercury

" vapour supplemented with a 150-watt incandescent

electriclamp). The dearth of red rays in the mercury
lamp has here been made good by the excess of
red light afforded by the electric lamp as compared

- with daylight (fig. 1, curves I and 3). Here again

there is a definite region of unsatisfactory colour
reproduction, although this lack is of a different
character to that found in the daylight lamp in
fig. 5. ' ‘

20414
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What is the relationship between the coefficients
0, 1, 2,3 and the number of “steps” in colour
divergence? This relationship was found by a

YELLOW

20418

‘Fig. 8. Comparison of colour reproduction with a compound
source made 1ip, of mercury light and an incandescent electric
lamp, with that obtained with daylight. -

GREENISH-YELLOW

COLOUR REPRODUCTiON OF “WHITE” LIGHT", ' a

comparison of incandescent electric lamps which
were fed with different voltages (i.e. black bodies
with different temperatures). It was established

that the coefficient 0 corresponds roughly to a . .-

difference of 0—1 steps, coefficient I to from 1 to 3
steps, coefficient 2 to from 3 to 5 steps and coef-
ficient 3 to from 5 steps onwards.

The necessity for the complete suppression of
region 3 thus coincides with the requirement stated
above that the colour difference must not exceed
4 steps. ‘ _ .

We thus see that it is indeed possible to obtain
such high quality of colour reproduction with gas -
discharge lamps and fluorescent light (fig. 7). The
light output of such a “daylight combination®
may be higher than that of an ordinary incandes-
cent lamp, while that of the earlier types of day-
light lamps (incandescent lamps with coloured -
bulbs) was much smaller than the output of the -
ordinary incandescent lamp. T

In many cases where the need for a correct colour
reproduction is not. so pressing 'a combination of
mercury light and incandescent light (fig. 8) will
already be found qg.ite satisfactory. - -
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ILLUMINATION AND ARCHITECTURE
By L. €. KALFF.

Summary. The intended appearance of the artistic forms employed in architecture is in
many instances only brought out when they are suitably illuminated. The corresponding
results obtained with daylight have been understood and utilised by architects {rom the
earliest times. The innumerable applications and types of artificial lighting available
at the present day open up a host of avenues for arriving at similar results with artificial
sources of light, some of which have already been fully explored and the results applied
in practice, while in many others only the threshold has heen crossed and full development
is reserved for the future.

Fig. 1. (Left) A building in the
Doric style as seen in sunlight.
All forms and profiles stand out
with their true values. Tt is
distinctly seen how eg. the
flutings and the cornice have been
designed entirely on the marked
contrast between light and shadow.

Fig. 2. (Right) The same building
when seen in diffuse daylight loses
all plasticity in its finer profiles
and hence the characteristic ap-
pearance which the architect had

intended.

An analysis of the relationship between illumi-
nation and architecture brings us to the conclusion
that these two concepts are inseparably linked
with each other. To state this fact may appear
superfluous, although a number of interesting
consequences accrue from it. Long before techno-
logical developments enabled electricity to be used
for the illumination of architectural works, archi-
tects have been building for thousands of years
and from the very first had functioned as what
might be termed “illumination architects”, i.e.
daylight or sunlight architects. Some explanation
of this aspect of the subject is perhaps necessary.

Every artistic form, which has been evolved on
aesthetic lines from practical or other considerations,
must be illuminated in a perfectly definite manner
in order to reveal to the spectator its specific details
of beauty, in other words the forms and plastic
motifs of a building can be suitably enhanced in
accordance with the aims of the artist by employing
an appropriate illumination. That from the very
outset every architect based his designs on a specific
daylight illumination may be readily demonstrated
with the aid of a few examples.

Examination of the different architectonic forms,
profiles and ornaments as found in different parts
of the world under different climatic conditions,
will show that architects in different countries in
evolving their designs have been guided strictly
by the distribution of daylight prevailing in each
particular country and associated with the climatic

conditions obtaining there.

Thus it is seen in Egyptian and Assyrian archi-
tectural and plastic motifs (fig. 3) that in these
couniries with their abnormally dry climate and
very bright and even harsh sunshine preference
has been given to particularly pronounced forms
and plastic designs ,while ornamentation has been
limited to extremely shallow bas-reliefs which
when illuminated by bright sunlight reveal a very
striking and sharp delineation, even when cut
only a few millimetres deep. The same principle
is found to have been followed in the artistic
productions of Ancient Greece, and it is interesting
to note that bas-reliefs of this type are not found
in countries further north where the same harsh
sunlight is absent and where the sky is compara-
tively cloudy or overcast and the incident light
would be too weak to bring out the finest archi-
tectural details.

A typical example of highly-refined “illuminated”
architecture is offered by the Greek temples. In
the profile of a frieze shown in fig. I it may be seen
how the angle of incidence of the sun’s rays has
been taken into account so that certain parts of
the profiles lie in shadow, while again others are
brightly illuminated; a modillion for example must
stand out in the light against a shaded background,
so that each individual modillion constitutes an
illuminated unit in the long dark border of the
frieze. It is noteworthy that the same profiles
which are employed in the frieze behind the front
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Fig. 3. Assyrian architecture with its bas-reliefs in stone or
terra-cotta also brings out the characteristic features suited
to a sunny climate.

row of columns in the peristyle exhibit entirely
different forms. It is evident that there no part of
the frieze receives the sun’s rays, so that the only
illumination consists of the sunlight reflected from
the ground and the steps of the temple, which
although powerful is yet markedly diffused. For
this reason the profiles of these interior friezes
have been modelled inuch deeper and with more
emphasis, so that even in their location in a half-
light their plasticity is yet prominent. On an
examination of fig. 2 it becomes still more clearly
apparent that the architecture of the temple has
been based on sunlight as the medium of illumi-
nation. In this photograph taken with an overcast
sky the plasticity of the lightly modelled profiles
is absent, and as a result one of the characteristic
beauties which the architect had undoubtly intended
has become lost.

If we pass to the more northern countries where
an overcast sky, fogs and diffuse daylight are of
common occurrence, it may be seen, for instance,
on Gothic architectural monuments that extremely
deep profiles and heavy ornamentation have been
employed in order to obtain the desired effects
of light and shade with the diffuse illumination
there available. An excellent example of this fact
is the Hotel de Ville (Town Hall) of Louvain
(fig. 4) with its living silhouettes, its carved stones
and balustrades and deeply chiselled relief. If an
architectural masterpiece of this kind were trans-
planted to the harsh sunlight of Egypt, the greater
part of its intrinsic beauty would be lost owing

ILLUMINATION AND ARCHITECTURE

to the pronounced and heavy contrasts obtained
between the excessively emphasised light and
shadow effects.

A further characteristic consequence of the
prevalence of diffuse lighting in northern countries
lies in the preference shown for colour contrasts
rather than contrasts produced by plastic modelling.
An apt example of this is the typical bright exteriors
of the burnt-clay and sandstone structures which
in the Duteh Renaissance styles gave a much more
characteristic appearance to the facades than mere
sculptural ornamentation. Also in Germany, Sweden
and Great Britain many examples are met awhere
colour contrasts have been employed in place of
plastic effects. On the other hand, examination of
an Italian palace, such as the Palazzo Pitti, which
has been built of a grey stone, reveals that here
in the south the mere contrast between light and
dark areas already produces a very fine effect.

On comparing a variety of modern applications

Fig. 4. North European Gothic structures, of which the Hotel
de Ville at Louvain is an excellent example, reveals a living
silhouette effect, stone balustrades and very deeply engraved
reliefs and profiles, since the prevalence of dull weather
makes these pronounced contrasts essential in order to obtain
the desired effect.
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Fig. 5. The Festival Hall of the Brussels World Exhibition, architeet Van Neck, reveals
a4 design determined to a large extent by the system of artificial illumination adopted.

of artificial iHlumination with the experienced
use which has been made for years with natural
light, it is realised that hitherto artificial illumination
and architectural considerations have only very
rarely been considered in the light of their mutual
relationships. When floodlighting the profiles and
friezes of a classical work
of architecture, the flood-
lights are nearly always
directed from below up-
wards, thus destroying all
surfaces in shadow as
worked out and intended
The
building
acquires a flattened effect

by the architect.

{rieze on the

as a result of this illum-
ination, the shadows dis-
appear under the window
sills and along the sides

of the windows, and the

greater part of the
shadows produced by
artificial illumination is
almost invisible to the

spectator who nearly al-
ways 1is looking in the
direction of the light

itself. Another example
is offered by the classical

Vol. 2, No, 1

intevior whose forms hawve
also been based on illu-
mination by sunlight. An
examination of such in-
terior decoration when
iluminated by an electric
lamp suspended in the
centre of the room reveals
no shadows at all, and
the only means of seeing
the plastic design is offered
by heavy deposits of dust
collecting in the deeper
dust be-

coming visible owing to

hollows, the

its difference in colour.
As long as the available
light source remained weak
and also evolved a large
amount of heat, its most
practical position was in
the middle of the room,
where everyone could
conveniently gather round

the light, so that full use could be made of the
expensive and weak illumination and at the same
time the danger of fire was reduced to a minimum
owing to the light being at its maximum distance
from the walls and ceiling. But the net result of

this central position for illumination is, as has

Fig. 6. The har in the Capitol Theatre, Madrid, has also been exclusively designed from
considerations of illumination technology.
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already been indicated in
the case of one of the
classical examples referred
to above, that only few
shadows are obtained in
the
tion.

interior ornamenta-
For this

only a limited amount

reasomn

of plastic modelling was
employed for these in-
teriors, and the principal
effect was obtained by
a suitable choice of mate-
rials and colours. Daylight
illumination has always
been of unreliable quality
and every consideration
had to be given to the
location of the room in
regard to the direction
of the and the

ever fluctuating outdoor

wind
illumination, whose in-
tensity depends on the
time of the day and can

therefore not be calculated a priori.

Fig. 8. The giant candelabrumn of the Roxy Theatre in New
York is not only an interesting lighting ornament, but also
reveals shadow edges and decorative bas-relief which are
only brought out by the grazing light rays.

JILLUMINATION AND ARCHITECTURE 11

Fig. 7. Colonial Museum, Paris, a work of the architects Jaussely and Laprade, has a facade

which has in fact a better appearance during the night than in daylight. The lights mounted

behind the breastwork not only afford a very fine illumination of the bas-reliefs of the walls,

but also the stepped profiles under the cornice have been designed for this form of illumination.
Particularly successfull is the sihouette effect of the columns.

In this direction there are innumerable potential
of artificial
lighting. At no excessive cost incandescent electric

applications for modern methods
lamps afford a high light output, while their wide
ranges of shape and intensity with almost a complete
absence of the danger of fire permit them to be
placed in their optimum interior positions, and the
direction and intensity of the light radiated to
be accurately estimated a priori. In modern interior
decoration we can therefore take as a basis the
same general principles as adopted in previous
centuries by architects and designers who only
had to make provision for daylight illumination.

Naturally for daylight illumination we have
almost unconsciously learnt how to give due
consideration to the interplay of light and shadow
so as to give life to plastic ornamentation and surface
design, while to achieve the same natural result
with artifieial light remains a problem of the future.

Electric incandescent lamps, arc lamps, discharge
tubes, ete., are now marketed with so many different
shapes and output ratings that a suitable lighting
unit can be selected for practically any purpose.
But in this connection the appearance of the building
under illumination by each light source and the
impression made on the spectator by the resulting
effect are points which require consideration. What
is the most suitable illumination for each particular
case? What impression and psychological effect
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have to be produced ? Is the whole of the tht to
be reflected from the ceiling downwards; must the

PHILIPS TECHNICAL REVIEW

walls be lit up or is the room to be divided up by

rich ornaments in order to form a silhouette? In,

what direction shall the gaze be attracted and
shall this be done by adopting a colour contrast
or by more intensive _illumination ? How do our
moods react to coloured light, and how can we
create a specific psychological effect? These are
only a few of the innumerable problems which
have to be solved.

The only true medium for plastic art has hitherto
been exteriors where the interplay of light and
shadow brings out to the full the many nuances
bas-relief,

associated with profiles, ornaments,

-

niches, joints and entablatures. In past years these

forms were introduced also into interior decorative
schemes quite indiscriminately, with the result that
the weak and wusually centrally-situated light
sources to a great extent neutralised the desired
effects incorporated in design. Contrasts in colour
and materials had then to be adopted as supple-
mentary motifs. But. with artificial light it has
now become possible to create these effects in
interiors exactly as realised with exteriors and
even with more pronounced results. We have
here a new mode of artistic expression with which

" Vol. 2, No. 1

we can in the first place gain practical experience-
and then incorporate the results in our architectural
designs. Naturally the adoption of this system of
lighting requires entirely new methods of con-
struction, which at the present time have been
followed in only isolated instances. These new
principles imply the adoption of entirely different
cross-sections for our buildings as compared with
those adopted hitherto, and it will take many years
before Wea are sufficiently skilled to apply this
new method of interior decoration faultlessly and
with as much facility and understanding as for
exteriors. . :
The object of the present article is to indicate
the new direction of architectural evolution and
to convince the architect of the urgent necessity
of a close study of its potentialities and applications.
in the light of modern technology. Examples of
some modern designs are shown in figs.5 to 8, in

‘which the spacial forms and the lighting equipment

have been rationally adapted to each other.
Developments in . this direction will continue
unhaltingly; those who do not keep pace with them
will be regarded as retrograde and their work soon
forgotten, while those realising their import and
significance will be abreast with the times and
produce works of art infused with life.

23
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THE PHOTO- ELECTRIC EFFECT AND ITS APPLICATION
' - IN PHOTO- ELECTRIC CELLS ' '

by M. C. TEVES.

Summary. This article discusses the principles of photo-electric phenomena. The external -
photo-electric effect is dealt with in greater detail, being followed by a description of tech-
nical developments culminating in modern photo-electric cathodes.

Intro duction

About a century ago (1839) E. Becquerel dis-
covered that an electromotive force is generated
between two metal plates immersed in an elec-
trolyte when these plates are illuminated.
-W. Smith in 1873 observed that the electrical
resistance of the semi-conductor selenium varied
when light was directed on it. In 1876
W. G. Adams and A. E. Day investigated the
occurrence of electric currents when selenium con-
nected in an electric circuit was exposed to light,
while finally in 1887 W. Hallwachs prompted by
an observation of H. Hertz on the diminution

in disruptive voltage on illuminating the’ elec-

trodes with light from another spark gap, observed
that a negatlvely-charged plate loses its charge
when it is exposed to ultra-violet light. If the
plate is positively charged no discharge takes
place. P. Lenard and J. J. Thomson demon-
strated that the light.induced the ejection of elec-
trons from the plate. This group of phenomena is
termed ‘‘photo-electric”.

Those phenomena observed to take place with
-Selenium in which the electrical process is located
within the illuminated body are grouped together
under the general term of the internal photo-
electric effect. But if electrons are emitted from the
illuminated surface,” as in the last-mentioned
experiments of Lenard and Thomson, the
behaviour in question is classed as an external
photo-electric effect.

In the present article we shall limit ourselves
to a discussion of the latter effect. The ejected
electrons issue. from the plate with a specific
velocity and can therefore overcome a potential
difference. It is, however, surprising that the
'poténtial difference V.., which is just able to
. retard and arrest the fastest electrons, is not
determined by the intensity but exclusively by
the frequency of the light, accordmg to the
equation:

V,pex = constant (» — ).
Light with a frequency lower than v, is no longer
able to induce the ejection of electrons. v, is termed
the “limiting frequency” or also the “red limit™

of the photo electrlc effect. It is a constant for each
substance.
This fact is difficult to interpret with the aid

of the electromagnetic theory of light, for in some

way or other the electric-field intensity of the light
must be responsible for the emission of an electron
from the cathode. But this field intensity is deter-
mined by the intensity of the light rays and is

: independent of the frequency.

A similar difficulty is encountered, moreover,
in regard to other photo-effects. In the action of
light on a photographic plate there is also a fre-
quency threshold value below which the light
produces no effect at all. Again in relation to its
physiological effects the. frequency of light is .
frequently of greater moment than its intensity.
It 'is evident that the electromagnetic theory of
light is incomplete in these directions.

This shortcoming is overcome by the assumption
that light energy can be radiated or absorbed only -
in specific amounts, “quanta”,. of the value of hy
(i.e. a ‘constant times the frequency). h-is the
socalled Planck’s constant and is 6.55 10~ erg
per second. To liberate electrons from a metal a
specific amount of energy E is required which can
only be derived from the radiation when these
quanta hy are > E, i.e. when v exceeds a definite
value of ;. If h» > E the excéss energy is con-
verted into kinetic energy of the emitted elec-
tromns. ) .

From these considerations Einstein in 1905
deduced the famous equation:

hw—E=h@—m.im

1/2 m vrznax =

where e is the charge, m the mass and v,,,, the max-
imum velocity of the emitted electrons. The
energy E = hv, can be expressed with the aid of
equation h v, = e ¥, in the form of a potential
fall ¥,, which the electrons have to overcome on
being emitted from the metal.

In Table I the value of the potential fall ¥
is given .in volts for a number of metals, as well -
as the “red limit” in Angstrom wnits (1 A = 10~*
cm).
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" Table I

Met al _Woirtll(-f,l(x)riltcstmn_ Reitli1 limit
Silver . . . . . . . . 4.61 2680
Gold . .. ... .. 4.90 2520
Cadmium . . . . . . 4.00 . 3100
Mercury . . . . . . 4.53 2735
Tungsten . . . . . . 4.50 2700
Molybdenum . . . . . 4.15 3000
Platinum . . . . . . 6.30 1960
Lithium 2.28 5400
Sodium . .. .. . . 2.46 5000
Potassium . . . . . . 2.24 5500
Rubidiam . . . . . . 2.15 5700
Caesium . . . . . . 1.90 6500

For a given spectral composition of the light the
photo-electric current is proportional to the inten-
sity. The response to the light takes place without
lag, i.e. the photo-electric effect follows, all fluc-
tuations in intensity without measurable delay,
‘even when ﬁuctuatlons in time take place of the
order of 10~° .

If all the electrons emltted from the photo-
. electric cathode _diverted to the anode
by a sufficiently powerful field, a “saturation
current” is produced which is proportional to the
number of light quanta incident per second,
i.e. to the intensity of the light, provided of course
that the frequency is above the value v, defined by
Einstein’s equation. Furthermore, the current
intensity is determined by the probability of
absorption of light  quanta

are

resulting in the

HA/lumen

80|

oL
o : 50

20.;/94
Fig. 1. Photo-electric current per lumen plotted as a function
of the anode voltage for two different modern photo-electric
cathodes of the type with caesium oxide deposited on silver
in a vacuum. I Standard base; 2 special base. The curves apply
for incident light from an electric lamp burning at a tem-
perature of 2600° K.
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emission of an electron, such probability being
governed by the wave length of the light.
In fig. I the variation of photo-electric current per

- lumen is plotted against the anode voltage for two

different modern types of photo-electric cathodes.
It is seen quite clearly that also with these (non-
metallic) cathodes a saturation current is reached
as the voltage is raised.

The following simple calculation will give an
idea of the possible order of magnitude of the
saturation current. We take as wave length 1 =
7000 A or » = velocity of light/wave-length =
0.43'1015 sec™, i.e. the long-wave red, since modern
photo-electric cells usually exhibit their maximum
sensitivity in this frequency range. A quantum hy

" of this radiation has an energy of 6.55:10~% X

0.43-10'5 = 2.81-10~"* erg. Thus with 1 watt, 107 —-

2.81'10'% = 3.56°1018 electrons can be hberated.
In terms of current this is equal to 1.59°10—" x
3.56'101%8 = 0.566 A. Actually in practice a sen-
sitivity of not more than a good 1/500 of this
sensitivity has hitherto been attained, as is shown

-for instance in the curves reproduced in fig. 2.

Similar to those in fig. 1 these curves also apply
to modern photo-electric cells, the characteristics
of which will be discussed later in this article.
The photo-electric currents of pure metals are
much smaller still.

With the illumination .from an electric lamp
curve 1 in this figure corresponds to an output of
80 wA per lumen. For practical purposes, however, -
the currents obtained with this sensitivity will
frequently prove inconveniently small (see e.g.
the estimate made in the article “A surveillance
system using infra-red rays”1)). It is therefore

* extremely important as regards their technical

applications that the efficiency of photo-electric
cells is made as high as possible.

The curve which gives the variation in sen51t1v1ty
as a function of the frequency of the incident light,
is termed the spectral sensitivity curve, .
examples of which are reproduc:ed in fig. 2. Along
the ordinate the photo-electric current divided by
the incident energy in mA. per watt is plotted,
and along the abscissa the wave length in microns,
the frequency and a scale in “electron volts”, the
latter giving the potentials in volts corresponding
to the frequencies in accordance with the equation
eV = hy. It is seen that the red limit for both
cathodes is situated at a wave length of approxi-
mately 1.5 p, or at a frequency of 2.101* cycles
per second or at 0.83 electron volt. In the same

1) A. L. Timmer and A. H. van Assum, Philips techn.
Rev., 1, 306, 1936.
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way the maximum sensitivity for both’ cathodes
can also be stated in each of these three scales.

" Technical Developments

" 'When employing the photo- electrlc effect the
chief aim is to obtain the maximum current with
the specific light source available. The light source
is in nearly all cases an electric lamp of which the
bulk of the energy radiated lies in the infra-red

region of the spectrum.
mA/W
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Fig. 2. “Colour sensitivity curve”. Photo-electric current plotted
‘against the frequency of the incident light for the same
types of photo-electric cells for which the photo-electric
current is given in fig. 1.

It is seen from Table I that only the alkali-metals
lithium, sodium, potassium, rubidium and caesium,
have their red limit located in the visible part of

" the spectrum, that of caesium being displaced

furthest towards the red. Thesc elements are
insensitive to infra-red radiation. The maximum
sensitivity for potassium is at 4350 A, for rubidium
at 4800 A and for caesium at 5400 A. Even when
using a caesium cell, only 3 to 4 per cent of the
light radiated from an electric lamp has a suf-
ficiently high frequency to cause photo-electric
emission. According’ to the table other metals
are still less suitable.

Elster and Geitel found that, as a result
of passing an electric discharge through hydrogen
in contact with potassium deposited on the walls

_of a bulb, a photo-sensitive layer was formed whose

red limit was displaced towards the red by several
thousand Angstrom units as compared with that
for untreated potassium. These cells are termed
“hydrogenated cells”. Since the red limits of
caesium and rubidium correspond to still longer
wave lengths it was to be expected that hydrogen-
ated cells of these metals would exhibit a more
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satisfactory behaviour than those of potassium.
The stability of hydrogenated rubidium and
caesium cathodes was, found to be
unsatisfactory at ordinary temperatures.

In the development of the modern photo-electric
cell another method was therefore adopted.
Langmuir and Kingdon had found that the
emission of electrons from incandescent filaments,
e.g. those of tungsten, could be considerably in-
creased by coating their surfaces with electro-
positive metals, such as the alkaline earths (Ba)
or alkali-metals (X, Rb or Cs).

however,

If a tungsten filament on which a thin coating of caesium
has been deposited is heated in a vacuum, electrons commence
to be emitted already at 300 °C. If the temperature of the
wire is gradually raised this emission increases, reaches a
maximum and then begins to drop again when a temperature
of abont 700 °C is attained, at which the cacsium is volatilised
from the wire. ]

That the caesiuin atoms remain on the wire up to a high
temperature is demonstrated by the fact that they are attached
to their base with considerable cohesion. It is assumed that
they are ionised and that an electron is given off to the under-
lying tungsten. The ionized caesium atoms build up a positive
surface charge and so decrease the work done in the emission
of the electron. This is shown in fig. 3. The electron enters
an accelerating field as soon as the last tungsten atoms are
passed, which facilitates the emission. This reduction in work
done, which was -originally observed on the emission of
electrons from incandescent filaments, also applies to the
photo-electric effect. .

If the tungsten is coated w1th a layer of megative ions,
for instance by absorption of: oxygen atoms, the reverse
process takes place: emission is rendered more difficult, and
the voltage drop V, mcreases )

x

9
.
.
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Fig. 3. Effect on work of emission of tungsten due to adsorbed
caesium atoms. The caesium atoms deposited on the tungsten
give up their electrons to the tungsten, and as a result an
electrical double layer is formed. The electrons issuing from
the tungsten encounter an acceleratmg field V' which lowers’
V, and so facilitates their emission.

Ives and other investigators found that surface
coatings of electro-positive metals are also very
useful for inducing photo-emission, and the red
limit is displaced far. into the infra-red region.
Koller described the combinations: silver—mona-.
tomic oxygen layer—mbnatomic caesium layer,
whose red limit has still a greater wave length.
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Still another method was adopted by De Boer
and Teves who based their work on the followmg
considerations: '

To obtain a high photo- electnc current it is
desirable:

1. To reduce as far as p0551ble the work required
for emission.

2. To increase as far as possible the efﬁciency,'

i.e. the percentage of absorbed light quanta

which result in effective photo-electric emission.

The first condition leads, as already indicated,
to the use of strongly electro-positive metals. But
from the point of view of the second condition
- metals are not very suitable, for their electrons
are extremely mobile, so much so that the greater
part of the light energy promotes motion of the
electrons and is lost in the form of heat. The photo-
electric effect in insulators gives a much better
efficiency. When light is absorbed by free atoms
(in a gas) each absorbed light quantum actually
liberates an electron, if the energy of the light
quantum is greater than the ionisation energy.

The purpose of the investigations carried out
by De Boer and Teves was to influence the
photo-electric effect on solid surfaces in this
direction, viz., by the adsorption of caesium on
deposited coatings of salts. In the first instance
barium fluoride coatings were used for this purpose,
being deposited by sublimation in vacuo so as to
obtain a laminated structure with a large surface

(about 100 times greater than with a compact struc-

ture). This surface thus had a large number of
areas exhibiting a very marked adsorption. Later
oxides were used in place of the salts and these
proved more efficient still. '

The mechanism here responsible for the emission -

of photo-electrons differs fundamentally from that
occurring with metals. The alkali-metal atom
adsorbed at the insulating oxide layer behaves
with respect to light similar to a free atom in a gas,
except that the ionisation energy has been altered
by adsorption. A light quantum can ionise this atom
and the electron can as a result pass out into the
vacuum. The photo-electric effect in this case
depends on this process.

When an adsorbed atom has become ionised and
an electron has been emitted, a positively-charged
metallic ion remains. This must be neutralised
before it can again participate in the emission
process. But a neutralising electron cannot be
withdrawn without further ado from the insulating
coating, since this would merely result in a dis-
placement of the charge. The electron must there-
fore be extracted from the metal substratum.
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This is indeed readily 'possible, if the thickness of
the insulating coating does not exceed 100 to 1000
molecules, viz., by the field generated by a positive
ion becoming sufficiently powerful’ to draw an
electron directly from the underlying metal.

If the oxide layer still contains free metal, these
particles can ‘act as intermediate carriers, while
if the conduction mechanism has been inadequately
developed or has become overloaded by an excessive
withdrawal of current, fatigue . phenomena may
set in since unneutralised positive charges remain
extant in the layer. By inserting an additional metal
particle the conduction mechanism is improved and
the yield can be considerably increased.

A decisive factor in the choice of the insulating
coating is the desire to reduce as far as possible
the ionisation energy of the adsorbed alkali-metal
atom. The best results in this direction are obtained
with caesium oxide.

The optimum composition determined as a
result of prolonged experiments consists of a silver
mirror which is oxidised to silver oxide by a glow
discharge in oxygen and then exposed to the action
of caesium vapour. The caesium is converted
to a caesium oxide, while the liberated silver
remains in a very finely divided state and as already
indicated increases the conductivity. )

Table II gives the sensitivities of various photo-
electric caesium cells, as well as the wavelength
range corresponding to maximum sensitivity, and
the red limit. The sensitivities have been expressed
in pA per lumen, using light from a tungsten
lamp operating at a temperature of 2600 ° K.

Table I
. Max. Wave-length y
Sensitive layer Sensitivity | of max. E{e!l
. PP 1mit
approx. sensitivity :
pA/Lumen*| A A
Pure caesium . 0.15 |. 6300
Ag . with monatomic
coating of 0, and Cs 1.5 3500 8000 -
Ag with pure Cs,0 and
Cs (monoatomic). . . 12 6100 11500
" Same with Ag in Cs,0 |~ 20 7000—8000 | 12000
Same with additional - . -
Agin Csy0. . . . . . 30 7500—8000 | 12000
Same with additional . :
Csin G0, . . . . . 40 7500—8000 | 14000
Same with additional :
Ag and addltlonal Cs
in Cs0. . . 0 . L. 55 7500—8500 | 17000

1), For light from a tungsten lamp burning at 2600 °K.
The efficiency i.e. the ratio of the number of
photo-electrons emitted to the number of light
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quanta incident on the cell, is about 1:100 for
the most sensitive cell using the most suitable
light source. This ratio is still very much less than
1 : 1. Thus only a small fraction of the incident

12636
1294/

a) b)

Fig. 4. Photo-electric cell with caestum cathode:
a) vacuum cell, type 3512;
b) with rare gas filling, type 3530.

light quanta is absorbed by the adsorbed caesium
atoms; this is partly due to the fact that the bulk
of the light is absorbed by the coloured covering
surface.

In many cases the photo-electric current can be
further intensified by filling the cell with a suitable
rare gas: ionisation of the electrons by collision with
the atoms of the rare gas then ensures that under
favourable conditions an average of about 20 elec-
trons reach the anode for each electron emitted
from the photo-electric cathode. In this way 100
to 200 pA per lumen can be attained with low
currents for long periods.

Disadvantages of the gas filling are its inertia,
a result of the time required for ionisation to
develop, also the fact that there is no linear relation-
ship between the photo-current and the electron
current, as well as the greater fortuitous fluctuations
in the electron current with constant light intensity,
this latter resulting in a disturbing noise.

Fig. 4 shows two photo-electric cells with caesium
cathodes: a) a vacuum cell, and b) a gas-filled cell.
Fig. 5 gives the mean photo-electric current in
A per lumen for standard gas-filled caesium cells.
No saturation current occurs with these cells. The
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current, which increases with the voltage even-
tually causes an arc owing to the steady increase
in ionisation, i.e. to a passage of current which
is maintained also in the absence of any incident
light.

For both types of cells the permissible load is
5 wA per 100 sq.cm. of cathode surface. After
1000 hours the sensitivity is then still 60 per cent
of the initial value. The arcing voltage of the
gas-filled cell is 150 volts in the dark, and the
working voltage 100 volts. In the dark the current
(the
socalled dark current)is 10 '°A persq. cm. of cathode
surface. At temperatures from 15 to 30 ° C this dark
current rises by 10 per cent per degree.

spontaneously emitted from the cathode

For ultra-violet light, with for instance wave
lengths below 4000 or 3000 A, other cells are
employed, viz., sodium cells for below 4000 A
and cadmium cells for below 3000 A. Below 3500 A
a jacket of glass permeable to ultra-violet rays
must be used, while below 2800 A quartz is necesary.

pA/ fumen
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Fig. 5. Photo-electrie current per lumen plotted us a function
of the anode volts for a gas-filled cell. Contrary to the curves
for vacuum cells (fig. 1) this curve exhibits no saturation as
the anode voltage increases.
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SPECTRAL DISTRIBUTION OF THE RADIATION FROM THE “BIOSOL”

By A. VAN WIJK.

Summary. Short description of the “Biosol” und supply arrangements, followed by a
discussion of meusurements of the speetral intensity distribution. The spectral sensitivity

curves for various biological and therapeutic applications of ultra-violet radiation are
also discussed and as far as permissible conclusions are drawn regarding the efficuacy
of the *“Biosol”.

The “Biosol” and Supply Arrangements

The “Biosol”’, which was primarily evolved for
medical purposes, is a tubular quartz lamp in
which an arc discharge through mercury vapour
is generated between electrodes. The density of
the mercury vapour is maintained constant, during
the operation of the lamp, while the vapour pressure
is of the order of 1 atmosphere. Two types of lamp
are made: Type A rated for 250 watts and Type B
rated for 475 watts. In general the “Biosol” is con-
nected directly to an A.C. supply through a choke
coil (for voltages from 200 to 260 volts). In the case
of an A.C. supply below 200 volts the lamp is
connected up over a transformer. The choke coil
or transformer is accomodated in the base of the
lamp stand which supports the lamp and its

reflector. The latter is chromium plated on the
inside and can be adjusted both in height and
direction (fig. 1). It is made up of six facets
arranged at such angles to each other that the

e

radiation reflected from each facet is focussed on
the same strip, 40 cm wide, situated 50 cm in
front of the lamp (fig. 2). In this way a very uniform
distribution throughout the irradiation field is

Ao

obtained, also at a greater distance from the lamp
(fig. 3).

The lamp in most cases lights directly the current
isswitched on; if it does not doso, a push is operated
so that a higher potential is applied to the lamp for
a short time. The circuit is shown in fig. 4. To
obtain the higher voltage required for ignition,
operation of the push connects a small transformer

in series with the mains supply. The current is
then limited by a high resistance. A glass filter
partially transmitting ultra-violet rays can also be
fixed over the lamp; it absorbs the greater part of
the shorter ultra-violet rays (below approximately
0.28 1) but allows the longer rays to pass through,
thus adapting the lamp to other biological purposes.
The spectrum of the “Biosol” with and without
the filter is shown in fig. 5, from which it may be

BT Fig. 1. Philips “Biosol” Irradiation Unit. seen that a line spectrum is obtained.
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Dosage Control of Ultra-violet Radiation

As soon as we commence to deal with & compound
radiation made up of a variety of wave-lengths,

50cm

: 40cm _1'7

] 20422
Fig. 2. Concentration of rays with the “Biosol” reflector.
The virtual images L,, L,, L, etc., of the light source L are
all projected on to the same strip, 40 cm wide, at a distance
of 50 cm.

instead of a simple monochromatic radiation, the
estimation of the radiation intensity becomes
complex and cannot be determined by the appli-
cation of any general rules. The evaluation of
intensity . depends in fact on the nature of the
effects and results which are to be achieved with
the radiation. Thus, e.g. dlfferent compositions of
visible radiation, producing an equivalent impres-
sion on the eye, are found to have entirely different -
values when compared as regards their photo-
graphic activity, or their influence on the assimil-
ation processus in the green portions of plants.
The reason for the different effects produced by

. 50

20423
Fig. 3. Relative irradiation intensity in a plane at 50 c¢m
distance from.the “Biosol”” lamp in the reflector as a function
of the distance from the centre of the irradiation field. The
curves relate to measurements parallel to the axis of the lamp
(broken lines) and perpendicular to it (full lines).

radiations having different spectral compositions
“is that the action of the radiation on the processes
- above-mentioned depends on the various wave
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lengths to different extents. To'calculate the action
produced by a compound radiation it is necessary
to multiply the radiation energy in each wave-

- length interval by a factor expressing the sens-
itivity of the particular process under consideration

with regard to that wave length, and then add or
integrate the result over the whole wave-length
range entering into question. .

But since the different radiation effects may

correspond . to different sensitivity curves, .the -

results obtained by such calculation for a specific
compound radiation and a specific action cannot
be employed pari passu for drawing any conclusions

“of the effect which the same radiation might

produce in other processes.

In reference to our introductory remarks regard-
ing the action of a visible compound radiation it
must be emphasised that a statement of the intensity

of illumination, expressed in lux units,,produc_éd”
.by a given radiation on a given surface is no
" iridication of the potential effect on the “same

Bibso?

sn b ,
220V 20424

Fig. 4. Circuit layout of the “Biosol” with lighting arrangement.-

If the push D is not pressed, the contact is closed. The “Biosol”
is connected to the 220-volt mains supply through the choke
coil Z. The secondary of a small auxiliary. transformer is
connected up through a 60 000-ohm resistance and the push
switch. If the lamp does not hght, D is pressed and the
secondary voltage of T is then put in series with the mains
voltage through the 60 000-ohm resistance, the lamp beginning
to burn although the current remains very low (apprommately
7 milliamps). On releasing D the direct-on-mains connection
is re-established, the current is built up and is then only
limited by the choke coil Z, -

radiation on the growth of plants or in causing
the blackening of a photographic plate. The i intensity
of illumination may be based on the socalled normal
ocular sensitivity curve, which may be taken to

be sufficiently valid for every normal md1v1dua1 )

For a given photographic plate a similar sensitivity
curve can also be deduced, such curve then serving
as a basis for calculating the “photographic
illumination-intensity” for the particular type of
plate under consideration. For other kinds of plates
different curves must then be employed.

A similar state of affairs is encountered in esti-- -

mating the action of ultra-violet radiation when
used for biological and therapeutic purposes. The
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efficacy of the radiation depends here entirely on
the action which it is desired to produce. But in
comparison matters are less favourable here, since
it has hitherto not been possible to deduce a sen-

2537 2804 3130 3655 4358 A
, .

| | | |

20425

Fig. 5. Spectrum of the “Biosol” with and without filter.
Equivalent exposure times.

sitivity curve for every biological therapeutic process
entering into consideration. It is in fact doubtful
whether standard sensitivity curves, whose validity
is reliable as regards normal individuals, at all exist
for the various processes in question. But such curves
are necessary if we are to evolve a biological unit
of irradiation intensity for any specific process,
although a knowledge of the corresponding sen-
sitivity curve is not absolutely indispensable for
this purpose.

It thus follows that there can be no question at
all of introducing a single unit for expressing the
intensity of ultra-violet radiation in reference to
its biological and therapeutic effects, and that at
most it might be possible to introduce a whole
series of these units although at the present time
no basis for this development has been evolved.

That the biological and therapeutic sensitivity
curves for ultra-violet radiation have not been
adequately studied in the past is due mainly to
the serious experimental difficulties encountered,
tnter alia, in producing sufficiently powerful mono-
chromatic radiations. In addition, there are the
ever-present and serious difficulties of carrying out
a really quantitative biological experiment. Actually
the only relative sensitivity curve which has been
sufficiently accurately investigated up to the present
is that relating to the socalled erythema effect.
It may be recalled here that the term erythema
is applied to the redness of the skin exhibited after
a few hours’ irradiation with a sufficiently powerful
dosage of ultra-violet light. If the intensity of the
radiation is sufficiently high, the redness usually
becomnes converted to a tan which can persist for
a fairly long time and is termed pigmentation.
If the radiation is not powerful enough, the redness
disappears, for instance after about 20 to 40 hours,
without leaving any visible trace. The most accurate
erythema curve which has been evolved to date is
that due to Coblentz and Stair?!). In how far

1) Res. Paper No. 631, Bur. Stand., J. Research, 12, 13, 1934.
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this erythema curve may be regarded as a standard
applicable to all (normal) individuals is still a
matter of controversy.

Some knowledge has also been gathered as regards
the influence of wave length on a variety of other
processes, but not sufficient for the data to furnish
the requisite unit of dosage measurement. Thus it
is known that pigmentation (tanning, see above)
develops to some extent parallel to an erythema,
although it has frequently been assumed that there
are differences towards both the short and the
long waves. Regarding the treatinent of rickets
which is based on the formation of vitamin D in
the skin, it has been established that, just as in
the production of an erythema, only wave lengths
below approx. 0.31 u are efficacious, although in
other respects the curve is definitely different?). The
bactericidal (bacteria-destroying) action is most
powerful at approximately 0.25 to 0.26 1 and drops
off in both directions. In the treatment of lupus
(tuberculosis of the skin), the wave length interval
between 0.32 and 0.35 u appears to have the
greatest activity. If the connective tissues of the
eyes become inflamed by exposure to ultra-violet
radiation, the eyes will ache after a few hours
and will feel as if sand has entered them. Those
who have ascended a glacier omitting to protect
the eyes with a suitable pair of goggles will
remember these symptoms. The protecting fore-
head affords a fairly satisfactory protection for
the eyes against the solar rays incident from above,
ice, still
water surfaces and bright sand is incident on the

but the radiation reflected from snow

eyes from a direction in which they are quite
unprotected. This effect which is Lermed conjunc-
tivitis (since is consists of an inflammation of the
conjunctiva) soon disappears, for instance after the
elapse of ten hours. The effect on the conjunctiva
is still comparatively weak with rays of about
0.3 p, but increases considerably in intensity with
shorter waves. Fig. 6 depicts, in addition to the
erythema curve, also the conjunctivitis curve
calculated from the data of Fischer, Eymers
and Vermeulen3).

In view of the circumstances outlined above,
the only satisfactory method for determining the
dosage of ultra-violet radiation necessary in a
specific case is to ascertain the physical composition
of the radiation as accurately as possible, i.e. the
intensity of the various wave lengths (in absolute

*) Cf. e.g. Bunker and Harris, Science, 83, 487, 1936
E. Gorter, J. Pediatrics, 4, 1, 1934.

%) Cf. the 1935 report of the Commission for ulira-violet
rays of the International Illumination Committee.
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units, e.g. ergs per sq. cm and sec) and to give the -

time of exposure. All other data, such as those
. expressed in “erythema units” — which one might
be tempted to use owing to the ease with which
they can be determined — provide no. information
/?el.eryth.‘fac}. Rel. Catﬁunct. fact.
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Fig. 6. 1) Erythema curve of Coblentz and Stair.
- 2) Conjunctivitis curve of Fischer, Eymers and
Vermeulen.
* In both cases the reciprocal of the dosage required to obtam
a just perceptible effect is plotted as a function of the wave
length. The maximum values in the range of wave lengths
shown have been arbitrarily put equal to umity.

of practical utility and are incomplete. The more
knowledge is gained regarding the curves of bio-
logical action, the better equipped will be the
investigator to calculate in advance the potential

. effect of a specific irradiation, i.e. as obtained with

a radiation having a known spectral distribution
curve. '

The questions of principal current interest as
regards dosage measurement and control with
ultra-violet radiation are the following:

Determination of the spectral intensity distri-
bution in the radiation from ultra-violet light
sources and the plotting of the blologlcal sen51t1v1ty
curves 3). .

Spectral Intensity Measurements” with the “Biosol”

The intensity of the spectral lines emitted by

-the “Biosol” between 3130 and 2480 A was

determined in absolute units. Table I gives the
" results of measurements for both types of “Biosol”
without a filter or reflector. To permit comparison,
" the relative values obtained by Krefft and
"Pirani with a similar mercury discharge at a
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-vapour pressure equal to that in the “Biosol”
are also included. ’

Table 1. Radiation Intensity of the “Biosol” at 50 em distance.

Wave- Absg}u‘t‘%il:stglr},s 1ty Relative | Absolute : Relative
length ntensity . .
A : B (KI‘. &P.) . A . v B
- | 1000 ergs | 1000 ergs| - - -
A per sq. per sq. -
cm/sec. | cmfsec | ' .
3130 | 2.01 _4.76 66.4 30 | 72
3022 | 0.864 2.10 315 27 66.5
2967 | - 0.493 | 1.05 14.8 33 71
2894 | 0.180 0.425 5.9 305 | 72
2804 | 0.325 0.855 | 11.3 29 75.5
2753 | 0.115 0.270 -| - 3.8 30 )
2699 | 0.150 0.350 4.9 305 71.5
2652 | 0.687 1.640 224 308 73
2537 | 1.17 2.370 29.1 40 81.5 -
2483 | 0.370 |  0.880 12.3 30 .5
" Average 30 71.5

With the exception of the line with a wave length
of 2537 A, whose 1nten51ty in particular is closely
dependent on the pressure, our values are in satis-
factory agreement with the relative values of
Krefft and Pirani. Since these investigators also

made measurements at longer wave lengths,

including those in the visible spectrum, we can

calculate from their observations the intensity of

e “Biosol” also in this’ range, using the above-
mentioned conversion factor. As a check the
intensity of the “Biosol” was calculated (on the
basis of the relative ocular semsitivity curve and
the value of the mechanical equivalent of light)
from the intensity of the visible lines obtained
in this way, and compared with the values obtained
by direct measurement (Compare Table II).

Table II. Candle Power (Intern. Candles) of *Biosol” per-
pendicular to axis of tube.

Type Calculated | Measured | Calec.’: Measd.
“Biosol” A 675 625 1.08
“Biosol” B 1630 -1570 1.04

Furthermore, by measuring the irradiation inten-
sity with different wave lengths on a surface at a
distance of 50 cm from the lamp both with and
without the reflector, the intensification” factor of

_the reflector was determined as a function of the

wave length. Table IIT gives the results obtained
for both types of “Biosol” with and without the
filter. ’

. RN
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Table III. Radiation Intensity of “Biosol” with reflector at.
50 cm.distanee.

Intensity of Intensity of
“Biosol” A “Biosol” B
Wavelength - -
Without | With | Without | With
filter filter filter filter
1000 ergs | 1000 ergs | 1000 ergs | 1000 ergs
A per sq. per sq. per sq. per sq.
e cm/sec. | cm/sec. | cm/sec.’| cm/sec.
5770/91 6.55 5.9 16.3 14.7
5461 5.9% 5.35 14.7 13.2 .
4358 5.2 4.7 12.5 11.3
4078 0.48 0.43 1.15 1.04
4047 2.9 2.6 6.95 6.25
3655 9.4 8.45 22.4 20.2
3342 7.6 6.1 1.82 1.45
3130 5.5 3.8 13.6 9.0
3022 2.43 1.27 5.9 3.08
2967 1.35 0.59 2.85 1.25
. 2894 0.46 0.15 1.1 0.35
2804 0.82 0.15 2.15 0.41
2753 0.27 0.035 0.67 0.086
2699 0.35 0.028 0.84 © 0.067
2652 1.60 0.084 3.85 0.20
2537 2.55 0.032 5.15 0.064
2483 0.78 0.003 1.85 0.007
111111}‘(1“““““0“ in 1 7g5.10° | 7.05-10° | 1.97-10° | 17.7-10°

Erythema Action of the “Biosol” With and Without
Filter :

For each of the emitted lines the fractional
contributions to erythema can now be calculated
by multiplying the intensity by the erythema
factor. Table IV gives the results of this calculation
.for “Biosol” B (with'reflector, and at a distance
of 50 cm) with and without the filter. o

Summation gives a measure for the total erythema
effect. It is found that with the “Biosol” B without
filter the total effect is equivalent to that produced
by a radiation exceeding 13000 ergs per sq. cm and
sec with a wave length of 2967 A (at which, accord-
ing to Coblentz and Stair, the erythema factor
has its maximum value and is taken as equal to
unity). The lamp with filter gives a radiation whi¢h
as regards erythema effect is equivalent to that
obtained with an intensity of 3560 ergs per sq. cm
" and sec at 2967 A. It was ascertained experimentally
that to obtain a specific erythema the time of
irradiation required with the filter was three times
that required without the filter. The agreement
“between calculation and direct measurement is thus
satisfactory. According to Coblentz (IIe Congres
International de la Lumiére, Copenhague, 1932) a
just perceptible erythema on the inside of the fore-.
arm requires a radiation dosage of approximately
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200 000 ergs per sq. cm at A= 2967 A. We found
in good agreement with this figure that the limiting
dose at a distance of 50 cm from the “Biosol” B
with filter was about 45 secs with the majority
of the individuals examined (45 X 3560 = 160 000).
When using the lamp without a filter a weak
erythema was observed in most cases after only
15 secs irradiation. However considerable differ-
ences existed between individual subjects.

As may be seen from Table IV, when using the
“Biosol” without a filter about 45 per cent of the
erythema is due to radiation with a wave length
less than 0.280 p, i.e. to a radiation which is not
present in the solar spectrum. If the filter is fixed
in front of the lamp, only a negligible proportion
(about 3 per cent) of the erythema is due to this
short-wave ultra-violet radiation. Corresponding
differences naturally also apply to other biological
processes. It is to this effect that the value of the
filter is due, viz., that it adapts the action of the

- “Biosol” to make it comparable to that of sunlight.

Table IV. Intensity I, erythema factor f and erythema ratio
I1.f of “Biosol” B at 50 cm distance for different wave-lengths
in absolute measure and as a percentage of the total erythema
effect.

‘Wave.| Bry- | Without filter With filter
ave-| .}
length | 002
gth ¢ ctor| Inten- [ Erythema Inten- | Erythema
sity ratio sity ratio
1000ergs 1000ergs|
A per sq. | Abs. [ 9/, | persa.| Abs. | 9/,
cm/sec cm/sec
3130 | 0.03 | 136 408 | 3.1 9.00 270} 1.6
3022 | 0.55 | 5.90 | 3240 | 24.6 3.08 ; 1700 | 47.8
2967 | 1.00 [ 2.85 | 2850 | 21.6 1.255 | 1255 | 35.2
(2925); 0.70 | 0.435 | 304 2.3 0.161 | 113 [ 3.2 -
2894 | 0.25 | 1.10 275 | 2.1 0.352 88| 2.5
2804 | 0.06 | 2.16 (- 130 | 1.0 0410} ' 25| 0.7
2753 | 0.07 | 0.67 47| 0.4 0.086 6 0.2
2699 | 0.14 | 0.84 118 | 0.9 0.067 | 9 03
2652 | 0.25 | 3.84 960 | 7.3 0.201 50 1.4
(2576)| 0.49 | 0.755 | 370 | 2.8 |  0.013 61! 02
2537 | 0.5 5.16 2840 | 21.6 0.064 35 1.0
2483 1 0.57 | 1.85 | 1055 ] 8.0 0.007 4|01
(2464)| 0.57 | 0.27 154 1 1.2 —
(2400)( 0.56 | 0.74 415 | 3.2 —
13166 (100.1 3561 1100.2
Proportion of radiation with :
wave-lengths below 2800 A in | 45.4 per cent| 3.2 per cent
total erythema effect

Conjunctivitis Effect of the “Biosol” B with and
without Filter o

With the aid of the curve for the conjunctivitis
effect reproduced in fig. 6, the corresponding curve
for the radiation of the “Biosol” B was determined.



JANUARY 1937

for an intensity equivalent as regards this effect,

at the wave length 2967 A (Table V).

Table V. Intensity I, conjunctivitis factor ¢ and conjunctivitis
. ratio Le of “Biosol” B at 50 em distance for different wave-
lengths. ‘ : :

} Without filter With filter
Wave- Conjune- X
leneth | BVits Conjunc- Conjunc-
SR factor | Intensity| tivitis | Intensity| tivitis
’ i ratio ratio
L 1000 ergs 1000 ergs
A per sq. per sq.
cm/sec, cm/sec.
3130 0.75 |- 13.60 10 9.00 6.8
3022 0.85 5.90 ‘5 3.08 2.6
2967 1.0 2.85 2.8 1.255 1.3
2925 1.5 0.435 0.6 0.161 0.2
2894 .2 1.10 2.2 - 0.352- 0.7
2804 4 2.16 8.6 0.410 1.6
2753 6 0.67 4.0 0.086 0.5
2699 | 7 0.84 6.3 0.067 0.5
2652 8 . 3.84 32.6 0.201 | - 1.7
2576 10 0.755 7.5 0.013 0.1
- 2537 12 5.16 62 0.064 0.8
2483 15 1.85 27.8 0.007 0.1
2464 17 0.27 44.6 — —
2400 20 0.74 - 14.8 — —
' 188.8-10° 16.9-10°

According to Fischer, Eymers and Ver-
- meulen, the limiting dose at 2967 A for conjunc-
tivitis is approximately 12-10°% exrgs per sq. cm. This
dosage can be obtained with approximately 7.5 secs

irradiation with the “Biosol”” B without filter (perhaps .

even a shorter exposure would be sufficient owing to
the proportion of wave lengths below 0.240 u
which could not be taken into account). On the
other hand, when using the filter on the lamp approx-
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imately 80 secs irradiation would be required to
reach the limiting dosage. Experiments to determinc
this have not yet been made; but the results of
calculation agree with general “experience that
between the lamps with and without the filter
there is a marked difference as regards the con-
junctivitis effect, which difference is much more
pronounced than that found for erythema. The
calculation given here is however very unreliable
owing to the considerable uncertainty attaching to
the conjunctivitis curve. ' ’

Treatment of Rickets

The requisite daily dosage found by Gorter .
and Soer ) for the treatment of rickets in children
was as follows: 4.2:106 ergs (0.1 cal) on irradiation
with a wave length of 2967 A. This radiation was
concentrated on a skin surface of 200 sq cm, i.e.
21°10 ergs per sq cm. In agreement with the dosage
values given above for producing an erythema,
no erythéma résults with this irradiation. Neglecting
all consideration of other wave lengths, the requi-

- site exposure to irradiation for the treatmant of

rickets with the “Biosol” B with filter at a distance
of 50 cm is found to be 21-10%: 1255 = approx- -
imately 17 secs, if an area of 200 sq. cm 1is to be
irradiated. On increasing the  irradiated suxface
the requisite exposure ‘time diminishes roughly in
inverse proportion. o ’

These examples will suffice to demonstrate how
with-an adequate knowledge of the spectral bio-
logical-activity curves the potential effects and the
requisite irradiation times can be deduced from
the known'spectral distribution of the radiation
from the “Biosol”. ’

N

4) E. Gorter and J. J. Soer, Ned. T: Geneesk., 74, 4310,
1930.
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THE “PHILORA” SODIUM LAMP AND ITS IMPORTANCE TO PHOTOGRAPHY

by J. A. M. VAN LIEMPT.

Summary. In photographs taken with sodium light illumination the relative brightnesses

of coloured objects are rendered very well. The reproduction becomes almost perfect if the
sodium light is mixed with a snitable quantity of incandescent or mercury light. Further-

more sodium light offers unexpected advantages for the illumination of dark rooms.

Introduction

It may be stipulated as a requirement for non-
coloured photographs that the colours naturally
occurring in practically every group of persons or
things photographed shall be reproduced in a
greyish tint whose subjective brightness-impression
is in agreement with the corresponding colours.

The old type of photographic plate, semsitive
only to blue, did not meet this requirement at all.
It was therefore an important step in the develop-
ment of the photographic negative when H. Vogel
discovered, in 1873, that by adding certain col-
ouring matters to the photographic emulsion one
could greatly increase the sensitivity of the emulsion
to red and yellow rays. This gave rise to ortho-
chromatic and panchromatic plates, now in gencral
use. Meanwhile it has been found that although
these plates considerably improved the photo-
graphic reproduction of colour, they have not yet
proved capable of reproducing colours in an ideal
manner when working with any of the artificial
light-sources hitherto available in great variety.
The only way to come to some extent near the
desired result was to select, with a given light-
source, a suitable filter for each class of plate.

As a matter of fact it is a laborious matter to
select such a filter combination; besides, in such
filters much light is lost by absorption, so that the
required exposure time becomes longer than is
desirable.

In collaboration with the court photographer
F. Ziegler of The Hague we carried out several
experiments on sodium lamps as a light-source
for photography. The result, surprising though it
first seemed, revealed the fact that this nearly
monochromatic light-source solves the problem
of photographic reproduction in a most satisfactory
manner without making use of filters?).

By way of further illustration we are setting
forth below a series of measurements carried out

1) Several articles by F. Zicgler on this subject have
appeared in ,,Bedrijfsphotographie” 17, 247 1935); 18
331 (1936).

with various types of plates on the market with
sodium light, which may be combined with other
auxiliary light-sources.

For these measurements use was made of the
Colour Test Chart (Stufenfarbentafel) 2)
by Agfa, a photographic reproduction of which
is given in fig. I (taken in daylight on panchromatic

issued

red yellow green blue
Fig. 1. Reproduction of the Agfu Colour Test Chart on
o ‘. . 1 Lol
panchromatic plate with daylight.

plates. This chart consists of 4 strips coloured red,
vellow, green and blue respectively, each colour
having beside it a numbered shade of grey. These
four colours are the main colours of the spectrum
and represent average colours as met with in prac-
tice (i.e. not pure colours of the spectrum).

As a result of scientific measurements in the Agfa
laboratory it has now been definitely established
that every colour, when correctly reproduced
photographically, can be represented by a certain
shade of grey which is indicated by the figure 100,
which figure means that this particular shade of
grey
our eye as the original colour.

A shade of grey that is indicated, for instance,
by the figure 80 is one that reflects 80/, white light
compared with the shade of grey indicated as 100,

makes the same brightness-impression on

and so on.

?) See H. Arens and J. Eggert, Z. wiss. Phot. 27 279
(1930) and M. Biltz, Wiss. Ver. Agfa 4, 42 (1935).
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If, therefore, a photograph is taken of the Colour
Test Chart in the correct exposure time,using for
illumination the light-source to be examined, we
obtain a negative in which can be seen what shade
of grey in the scale corresponds to the colour
concerned.

If, for instance, red is reproduced by grey-
" shade 40, this means that the reproduction of red
is too dark. In this case, therefore, the Iight-sdurce
used did not furnish sufficient red rays, or possibly
the plate used was not sufficiently sensitive to red.

"The correctness of the exposure time can easily
be verified by the reproduction in the scale of grey.
With cotrect exposure times all the stages of the
scale of grey will be seen quite distinct from each
other on the negative.

All the measurements were carried out w1th the
following types of lamps:

1) “Philora” Sodium Lamp type SO 650, a 100
watt lamp with an efficiency of approx. 62
lm/watt 3). -

2) - “Philora” mercury vapour lamp type HP 300,
a 75-watt quartz lamp with an efficiency of
approx. .36 lm/watt 3).

3) “Philora” mercury vapour lamp type HO 1000,
a 250-watt glass lamp with an efficiency of
~ approx. 36 lm/watt 3).

Along with these lamps some ordinary incandes-
cent lamps are also used.

The spectrum of the sodium lamp is practically
of a monochromatic yellow colour, in addition
to which the lamp gives a little red neon radiation;
the spectrum of the mercury lamps is a line spec-
trum in various colours, whilst the H.P. lamp
emits a faint continuous spectrum as well.

The photographs were taken with the light of
* these lamps (or combinations thereof) on negative
material as used in photographic practice. By way
of comparison some photographs were also exposed
in daylight in a room with a window facing north-
ward, the sky being practically cloudless.

The results were as. follows:

1If, in the above table I, we first examine the photo-
graphs taken in daylight we find that the colour
reproduction is far from perfect even when using

good panchromatic plates. Moreover, mercury
light is unsuitable, as it contains too’ much blue
and too little red. Sodium light, on the other hand,
gives the almost ideal colour reproduction in yellow
and red — somewhat less good in blue — whereas
the reproduction of green -is comparatively poor

3) In the determination of the efficiencies the losses in the
series resistances and transformers are taken into account.
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with practically every kind of = photographic
material, because (for reasons we need not go into
here) the negative material on the market is by
its nature poorly sensitive to green.

Tabel I. Measurements in unmixed “Philora” light

ti ’
Light- Cplour reproduction

source

" Plate _
- red |yellow | green | blue

Non-chromatic plates

Gevaert Ultra Rapid | Sodium 100 | 100 | 50 | 60
- Daylight | 30| 10| 25 | 180
Orthochromatic ' ) ’

plates

Sodium 90 110 50 60
H.P.lamp|, 50 10 15 220
H.Olamp| 40 20 [ 25 190
‘Daylight 30 20 30 180

Sodium 90 100} SO 60
Dayligllt 30|. 15 30 200

%

Gevaert Super Press

Gevaert Ortho
Process

Panchromatic plates

Gevaert Ulira Pan- .| Sodium 120 {120 50 40
chro , - | HPlamp| 50| 40| 35 | 180
' H.Olamp| 45 40 35 160
Daylight | 60 | 40 | 40 | .140

Sodiuri, | 140 | 120 | 60 | 40
Daylight | 90 40 | 30 | 140

Iiford Hypersen- Sodium | 120 | 110 ; 50 60
sitive Panchromatic | IL.PJamp| 55 30 | .30 180
) H.O.lamp 50 60 | 35 _ 140
Daylight 5 40 | 35 150

Agfa Superpan

o

Furthermore, it is a noticeable fact that colour
reproduction in sodium light is just as good on
non-chromatic material as on orthochromatic ma-
terial, so that — if the duration of the exposure
is no object — negative material that is sensitive
only to blue will do just as well as’ the more ex-
pensive panchromatic material; moreover, to a
certain extent with orthochromatic material the

the technique of development is sunpler than with

panchromatic.

We thus come to the remarkable paradox that
it is possible to obtain good colour reproduction
with the monochromatic light of sodium in con-
junction with non-chromatic material.

From daylight photos we have already seen that
the imperfect reproduction of colour obtained even

with the most up-to-date panchromatic material,

is due to the fact that this material is still insuf-
ficiently sensitive to red and yellow. Whilst the
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use of incandescent lamps as light-source does
considerably improve the reproduction of red,
that of yellow is still at a disadvantage. With
sodium ]ight,"thanks' to the large proportion
of yellow it contains, the deficiency of yellow-
sensitivity is entirely made good. As regards the
reproduction of red it should be noted that the
sodium lamp contains in the first place a small
proportion of red neon rays. Moreover, the red
occurring in practice is not a spectrally pure
colour but contains, in the sense of Ostwald’s
colour theory, an appreciable proportion of white
which reflects all other colours and especially
the yellow adjacent to red. The ability: of sodium
light to give very fair, though not perfect, repro-
duction of blue, is also due to a white content
in the blue colour met with in practice.

Since, further, the light reflected from sodium-lit
objects of different colours is, unlike incandescent
lamp light, nearly i_:nonochrométic, it is obvious
.that the same reproduction of colour will be

PHILIPS TECHNICAL REVIEW

produced on a nonchromatic as on'a panchromatic

plate. The exposure time will, however, be con-
siderably longer for thel'non-chromatic plate on

account of its low sen51t1v1ty to the yellow sodium

line (0.59 ).

to yellow only, but this sensmvrty to yellow should
be as high as possﬂ:)le IR

Measurements iri ‘mixed ]iéht '

The repi‘oduét_ion ‘of blue sodium light maybe
brought to perfection by adding the light of other
light-sources to the’sodium light. We merely state

the final result.” - o SO .y -

For sodium light" photography it
would indeed be sufficient to have a plate sensrtlve

v
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Emulsion: = Gevaert Super Press (orthochromatic)

Light-source: Sodium lamp with vacuum spiralised-filament
lamp. :

" Colour reproduction

Light-source -
red [yellow| green | blue
sodium lamp 90 110 | S0 60 .
1 w sodium lamp-power to . - ‘
0.30 w incandescent light 10_0 100 | 50 | 100

For panchromatlc matenal — which is generally
to be preferred on account of the shorter exposure
time — the best results are obtainable with a
combination of sodium and mercury light.

Emulsion:  Ilford Hypersensitive Panchromatic
Light-source: Sodium light with HO mercury lamp.

Colour reproduction

Light-source - —.
- . red |yellow| green | blue
Sodium lamp 120 | 110 | S0 60
1 w: sodium. lamp-power to 90 00 | 40 “gQ-
0.5 w mercury lamp power

i With these same light-sources we also found,
m a 51m11ar manner: '

;' RS i

: :Emulsmn

Gevaert Ultra Panchro 8000 H'and D

" Light soutce: Sodiumlamp with HO; mercury lamp.

Colour reproduction

Liglrt'-source
. red [yellow| green | blue
- Sodium lamp 120 | " 120 | 50 40
1 w sodium lamp- power to 120 100 | s0 80
0.5 w mercury lamp-power s . :

On non-chromatic material, thanks to its high

sensitivity to blue,” a very s_IigHt admixture of in-
candescent lamp light proves sufficient. =~ » -

Exampl es:
Emulsion:  Gevaert Ultra Rapid (non chromatic)

nght source: Sodium lamp in conjunction with vacuum
spiralised-filament lamp.

. Colour reproduction

Light-source

red |yellow groen blue’
Sodium lamp 100 ; 100 | 50 60
1w sodium lamp-power to 0.01w 100 | 100 50 100 .
incand. light - - .

In the case of orthochromatic plates which are
not so sensitive to blue it is necessary to add
somewhat more incandescent lamp light.

*Instead of adding mercury light we can also
obtain good results by combining the sodium light
with an “Argaphoto’ lamp with blue filter.

The ‘foregoing examples are merely intended as
a guide to practical photographers, each of whom
can, with the aid of Colour Test Charts, select for
himself the right combination to use in con]unctlon

'with the negative material he prefers

We would furthermore draw attention to the

~ high efficiency of “Philora” lamps to which we

referred at the commencement, this efficiency

" being such that, for the same current consumption,

the lamps give two to three times as much light as
ordinary incandescent lamps.

Another incidental advantage afforded by the
sodium lamp when used for portrait photography
is that, for a given illumination on the eye, the
pupil is rendered larger by sodium light than by
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Photo F. Ziegler, Den Haag
Copyright Nygh & v. Ditmar N.V.

Photograph taken on the betrothal of H.R.H. Princess Juliana and H.S.H. Prince Bernhard.

The exposure was made by sodium light.

27
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white light?) — a fact to which F. Ziegler
has already drawn attention.

The accompanying photos (fig. 2) plainly in-
dicate this. The same person has been photo-
graphed — in one instance after the eyes (while
accomodated to infinate distance) had been ex-
posed for 15 minutes to the light of a 300-lux
“Argaphoto” lamp, and in another instance after

Vol. 2, No. 1

Illumination of the darkroom

Finally, we should like to draw the attention
to an important application of the *“Philora”
Sodium Lamp, viz, as a dark-room lamp for use
in handling gaslight papers when making prints
and enlargements. Since the radiation of the sodium
lamp is almost purely monochromatic and ordinary
gaslight paper is insensitive to yellow, a photo-

o .

70393

Fig. 2. Photo’s tuken after accomodation during 15 min. with 300 lux incandescent light
(gasfilled) and with 300 lux sodium light respectively.

such an exposure of the eyes to 300 lux of sodium
light (luxmeter calibrated by means of the flicker
. Iris diam.
photometer). In the first case the ratio———
pupil diam.
is 3.7, in the second case 2.0.
For the time of exposurein seconds the following

formula may be used:

13500 F2
L x HD’

in which: F'is the opening of the lens

L the illumination in lux on the place of the object
to be photographed

HD the sensitivity of the plate for artificial light in
Hurter and Driffield units.

This relation may be used for the mixed light for
ortho- as well as panchromatic plates. Using pure
sodium light it is wvalid only for panchromatic
material.

%) A similar eflect is also obtainable with the “Photoflux”
lamp. See Z. wiss. Phot. 33, 287, 1935.

grapher working by a 50-watt sodium lamp can
flood his “dark” room with a sea of light — a boon
formerly undreamed of! As, however, the electrodes
of the lamp still give a faint continuous spectrum
it is advisable that the lamp be fitted not only
with an ordinary vacuum globe but also with an
effective yellow filter whereby this white light is
cut off and only a slight total loss of light occurs.
Gevaert Ridax paper immersed in the developer
can, for instance, be exposed for hours to this
light without showing the slightest blur. However,
when using bromide paper, which is more sensitive,
greater caution is required and one cannot indis-
criminately use this lamp.

The foregoing explanations will no doubt be
sufficient to show the great advantages which are
offered by sodium light both for photography and
for cinematography. At the same time it furnishes
us with a striking example of the manner in which
a technical product devised for a different purpose
may sometimes unexpectedly prove to be of far-
reaching importance in allied branches of technique.
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. PRACTICAL APPLICATIONS OF X- RAYS FOR THE EXAMINATION
OF MATERIALS IX '

By W. G. BURGERS.

To decide whether in a particular case of the
examination of a material the X-ray method might
prove of use, it must always be remembered that
_ this method gives in the first instance only infor-
-mation of the crystalline structure of a material.
If a specific difference between two materials is

due to a d1vergence in their crysta]lme texture,
it may be assumed at least in principle that such
difference can be detected by X-ray examlnatlon
In many instances the difference in texture is a

result of differences in"composition of the substances

under consideration, and in a number of examples
already cited, e.g. No. 9 (metallic deposition in the
formation of metallic carbides), No. 10 (detection
of thotium oxide and metallic thorium in a tungsten
wire), and No. 15 (excessive tantahim content of
tantalum carbide) it has been observed that the

radiographs in cases of this type differ from each

- other in the relative POSIthIlS or number of the

interference lines.

. Also in a material of homogeneous composition,
differences’ in crystalline configuration can also

occur, for instance as regards size and complete

formation, or also the mutual orientation, of the

crystals making up the material.

_Differences of this type correspond in general
to very pronounced differences in the physical and
mechanical properties of  the substan_ce. Also in
these cases, it may be expected that X-ray exam-
ination will give information ‘of the characteristic
state of the body. Some appropriate applications
of the X-ray method in this direction have already

been discussed in examples No. 3 (production of

fissures in soapstone on firing) and No. 5. (texture

of electrolytically-deposited nickel coatings), where -

it was found that the observed differences in proper-
ties were related to difference in the orientation
~of the crystals ). Attention should also be called
. to examples Nos. 17 and 19 where in a homogeneous
substance differences in the conditions of internal
stress were revealed by X-rays. )

In the present and subsequent articles, a selection
of further examples will be discussed in which
different -“states” of one and the same material
can be differentiated by X-ray examination.

1) The dlﬁ'erence between real and cultered pearls (example 4)
is also due to this.

20. Recrystallisation of Drawn-Tungsten Wire

An instructive example of the potential applic-

"ation. of the -X-ray method to the detection of

changes in crystalline texture is obtained in the
heat treatment of a machined metal. It is well
known that plastic deformation of a metal causes

the marked deformation of the original crystalhtes,‘

a change whlch may be detected by the loss of
definition in the crystals on’etching the metal
and the productlon of a more or less fibrous texture.

If the deformed metal is maintained at a suitable

high temperature for a sufficient time, recrystal-

~lisation will take place, in other words the fibrous

texture - will * become reconverted to a normal
crystalline texture made‘d up of crystals with

sharply-defined ‘boundary - planes. Recrystallisation

takes place as a result of the displacement of atoms
at " specific hlghly-deformed and hence heavily

. stressed points in the machmed metal, these atoms
forming nuclei for new normal crystals which then -

grow at the expense of their distorted surroundings.
The etched figures reproduced in figs. la to ¢

. show this process in regard to a tungsten filament
about 90 p thick, using a magnification of over

X 300. Pieces of this wire were subjected to heat
treatment at an elevated temperature, and it is
seen how as a résult the original fibrous texture
becomes altered: At the lowest reheating tempera-
ture employed (fig. 1b) there is little change to be
seen; at the very most an incipient * coarsenmg

of the fibrous texture has developed In the next
stage illustrated (fig. 1a) this “coarsening™ is more
pronounced and the. fibres are seen to disappear
gradually; the formation of new crystallites however
cannot yet be definitely deduced from the etched
figure' (the point marked with an arrow is probably
the first beginning of this formation). In the section
of the wire reheated to a still higher temperature
(fig. 1d) this can already be distinctly observed:
The fine striations at the top of the figure are due
to a crystal which has become formed from a

nucleus in this part of the wire and has already

consumed part of the original fibrous texture.
In the last figure (fig. c) recrystallisation has

‘proceeded so-far that the whole section of the wire

has become occupied by a single crystal.
Figs. 1f to k reproduce the corresponding radio-
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graphs of the wire sections2?), and these also
clearly reveal the changes which have taken place
in the wire as a result of reheating. Fig. 1f and 1g

2) To obtain the radiographs a length of wire of about
1 mm was irradiated, i.e. about four to five times the
length shown in the polished sections. The points in the
radiographs are therefore due to a larger number of
crystals than shown in the polished sections.

Vol. 2, No. 1

both contain continuous lines, although the doublet,
which is “sensitive’” to a small alteration in the
intra-atomic distance (for the explanation of this
see article VIII of this series), is definitely separated
in g, as compared to the original state in f, where
it consists of a single ill-defined line. The latter
is due to the fact that in the drawn wire the lattice

203381

Fig. 1. Alteration in the crystalline texture of a drawn tungsten wire on heating to different

temperatures in sequence.

a to e: Etched figures (magnification 325).

f to k: Radiographs.

The recrystallation taking place in the wire is indicated in the etched figures by the
fibrous structure (figs. @ and b) becoming converted to newly-formed crystals (fig. d above
and fig. e) as revealed by fine parallel striations. In the radiographs recrystallisation is
revealed by the initially continuous interference lines becoming resolved into separated
spots. At the lowest reheating temperatures at which the fibrous structure is still prac-
tically unaltered (cf. fig. « with fig. g), the radiographs show a sharpened definition of the
interference lines (cf. fig. { with fig. g) from which a diminution of the internal stresses

may be concluded.
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of the crystals has become somewhat distorted by
the
internal micro-stresses

drawing process and thus gives rise to
(see example 18 in ar-
ticle VIII). The first effect of comparatively small
temperature rise is thus seen to consist of a decrease
in these deformations of the lattice and hence of
the internal stresses. Crystal growth susceptible

to detection by X-rays has however not yet taken

a: Radiograph of drawn tube.
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barely observable in the polished sections (cf. a
with b), the radiographs reveal (cf. fwith g) thatthe
stresses created by the drawing process have
already diminished. Furthermore, it may be deduced
from the definition of the interference spots in the
radiographs of the crystallising wires that the
freshly-formed crystals are to a large extent free
from stresses, which also cannot be directly con-

20399

. Occurrence of recrystallisation on heat treatment of nickel cathode tubes.

b: Radiograph of recrystallised tube.

place. This is brought out by the fact that the lines
in the radiograph have retained their continuous
character.

In the piece of wire which was reheated to the
(fig. 1h), the
begin to be resolved into individual points. This
phenomenon indicates that in the wire section
irradiated by the X-rays crystals were already
present of at least about 10y in size, i.e. nuclear
formation had been initiated, and the wire at least
partially was in a state of incipient recrystallisation.
With the progressive development of the recrystal-

next highest temperature lines

lisation process and the simultaneous disappearance
of the original fibrous texture, the continuous
character of the interference lines disappears
completely (figs. 1i and 1k), and only a few spots
remain which emanate from the relatively small
number of newly-formed crystallites.

The value of radiographic examination in regard
to polished sections is that each method of investi-
gation supplements the other. While, for instance,
in reheating the wire to the lowest temperature
employed structural changes were not at all or

cluded from the polished sections. On the other
hand the polished sections aptly bring out the shape
and size of the crystals finally formed.

21. Nickel Tube for Oxide Cathodes

In indirectly-heated receiving valves with oxide
cathodes, the oxide coating is deposited on short
drawn nickel tubes which have been subjected to
a special heat treatment, Recrystallisation may take
place during their heat treatment, and is revealed
in the radiograph, as in the previous example, by
the continuous lines obtained with the drawn tube
becoming resolved into individual spots.

On the examination by X-rays of two series of
nickel tubes of different origin the difference was
found that one series (cf. fig. 2a) has not yet
recrystallised while in the other series recrystal-
lisation has occurred (cf. fig. 2b). Moreover, from
the density of the spots in radiographs of different
recrystallised tubes certain conclusions could be
drawn as regards the more or less advanced stage
of the recrystallisation process.
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN

.

No. 1122: M. J. Druyvesteyn: Die Brenn-
spannung eines Niedervoltbogens
(Physica, 3,724 to 726, July, 1936).
The arc voltage of a low-voltage arc is measured
- as a function of the current intensity and the gas
pressure, in the course of which distinct differences
are observed between a tungsten and an oxide
cathode. Partly these differences are probably due
_to differences in temperature of the gas just in
front of the cathode, as a result of which, at the
same gas pressure, the density in front of the oxide

cathode is made much greater than in front of the -

tungsten cathode.

No. 1123: W. de Groot and J H. Gisolf:
" De Geiger-Miiller teller (Ned. T. Na-
tuurk. 3, 161-169, June, 1936).
. This paper which was read before the Nederl.
Natuurk. Ver. presents a survey of the literature
dealing with the Geiger-Muller counter, followed
by a report of observations made by the authors
themselves on the discharge of the counter by
means of a cathode ray oscillograph. The different
forms of the wire potential as a function of the
time which were found may be tiaced to the dif-
ferent values possessed by unavoidable capacities
and resistances, as was-illustrated by means of a
substitutional circuit. It was shown in particular
that the occasional instantaneous values of the
wire potential, which are greater than to be expected
from the corona characteristic, are in general not
due to the, potential between the electrodes falling
below the “initial potential”.-

No. 1124: A.Bouwersand W. J. Oosterkamp:
Die Unschirfe einer Rontgenaufnahme
(Fortschr. Réntgenstr. 54, 81-91, July,

» 1936). .
The best definition is obtained in radiographs
when the kinematic want-of-sharpness U, the
screen want-of-sharpness: U; and the geometrical

want-of-sharpness U, are almost equal ‘to each -
other, i.e. Uy = U;= U, It is just as incorrect '

to use too short an exposure as to work with too
- small a focal point or with mten51fymg screens
with an excessive high-definition.

E.J.W.Verweyand J. H.deBoer.
Surface oxide films. (Rec. Trav. chim.
Pays-Bas, 55, 675-687, July, 1936).

" No. 1125:

The electrokinetic potential of rare metals and
of carbon may be positive or negative according
to the conditions ruling. The adsorption of oxygen
at the surface of a pure metal imparts a positive
potential to the latter with reference to the solution.
In most cases the potential in the outermost part
of the double layer is however of opposite sign,
owing to the existence of a thin oxide film at the
surface, i.e. a monatomic layer of oxygen which
reacts chemically with the metal or the carbon,
causing the production of a compound with a
pronounced dipole moment. With carbon the
activation energy for this reaction is so great that
the surface oxide is formed only very slowly at
room temperature, so that the carbon still has an
electrokinetical positive charge. The nature of this .
activation energy and the manner in which the
potential in the double layer varies are discussed
in detail.

T. Jurriaanse and M. J. Druyve-
steyn: The transition from a glow
discharge to an arc discharge (Physica,
3, 825-840, August, 1936).

The probability of the transition of a glow dis-
charge to an arc discharge on contact between
the cathode and a conductor is investigated. The
probability of this transition is determined by a ‘
large number of factors, inter alia by the capacity
and the potential difference between the conductor
and the cathode; by the current density and the
cathode fall in the glow discharge. Transition
may occur equally on making or breaking contact
between the.conductor and the cathode. A deter-
mining factor in the probability of this transition
to an arc is the energy, of discharge between the
conductor and the cathode.

No.. 1126:

K. F. Niessen: Zur Theorie der
Brownschen Bewegung eines kritisch
geddmpften Galvanometers (Physica 3,
841-854, August, 1936). ‘

A theoretical method is evolved for determining
the Boltzmann constant k& from the Brownian
movement of a critically damped galvanometer.
The method described differs fundamentally from
the standard method in that the result is obtained

No. 1127:

~ from the time function of the mean value under

measurement.




VOL. 2-

FEBRUARY 1937

Pll leS TeCllIlICd[ ReVIeW

DEALING WITH ‘TECHNICAL PROBLEMS
RELATING TO THE PRODUCTS PROCESSES AND INVESTIGATIONS OF
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN
' EDITED BY THE RESEARCH LABORATORY OF NV. PHILIPS’ GLOEILAMPENFABRIEKEN, EINDHOVEN, HOLLAND

.

. A TELEVISION RECEIVER

By C. L. RICHARDS.

Summary. Description of a 1 television receiver designed for two scanning systems, viz.,
for 240 lines standard scanning and for 405 lines interlaced scanning.

Introduction

- The design of a television receiver is determined
" to a large extent by the principle of operation of
the transmitter from which radiated pictures are
to be picked up, particularly by the method of
scanning used and the type and form of the syn-
chronising signals employed at the transmitter.

The television receiver described here was
designed for picking up the programmes of the
B.B.C. transmitter in London, as well as the trans-
missions from the experimental television trans-
mitter installed at the Philips Laboratory. The
London station commenced transmitting television
by two different scanning methods: one with 25
pictures per second, 240 lines per picture and an
aspect or picture ratio of 3 : 4, and a second with
interlaced scanning with 2 X 25 pictures per second,
2021/, lines per picture and an aspect ratio of 4:51).
The Philips transmitter can be adjusted to various
scanning standards from 25 pictures with 90 lines
per picture to 2 X 25 pictures with 2021;/2 lines per
picture (interlaced scanning).

Since, in these transmitters, the method of mod-

ulating the picture and synchronising signals on

the carrier wave is substantially the same, the same
receiver can be employed for picking up both
transmitters. Two different scanning systems are
in fact provided, and each can be regulated independ-
ently, so that by changing over from one system
to thé other a wide range of scanning speeds can be
covered. In view of the very high modulation
frequencies entailed in scanning a picture resolved
into 405 lines, the receiver has been designed for
a max1mum modulation frequency of 2.5 megacycles.

1) Since this artlcle was written the 240 lines standard
transmission has been discontinued in London.

Type of Signals S

Vision and associated sound are transmitted by
modulating each on its own carrier wave. In the
case of the London transmitter, vision is for
instance transmitted on a carrier wave of 45
megacycles (6.67 metres) and sound, modulated
on a carrier wave of 41.5 megacycles (7.23 metres).
The method of modulating vision and the associated
synchromsmg signal is shown in fig. I. The or-

—_—
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Fig. 1. Variation of amplltude of high-frequency oscillations
in a wave modulated with vision signals,

dinate gives the amplitudes of the high-frequency
oscillations as a percentage of the maximum am-
plitude. "If no picture signal is received, i.e. the
picture screen is perfectly dark, the modulation of
the high-frequency oscillations is approximately
30 per cent. During scanning of a picture line along
which the brightness fluctuates from bright to
dark, the carrier wave is modulated to varying
degrees between 30 and 100 per cent. At the end
of each line the carrier wave is completely suppressed
for a short interval (zero modulation), and this
decrease in modulation from 30 per cent to zero
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constitutes the line synchronising signal. Similarly
at the end of each picture, a picture synchronising
signal is produced, which is not shown in fig. 1.

In interlaced scanning, the synchronising signals
are not produced in the same simple manner, but
lack of space precludes this point being discussed
in detail here.

Pete—
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plification must not alter the mutual positions
of the oscillations with different frequencies from
which the picture signal is built up, since the phase
of an oscillation has a marked effect on the distri-
bution of the bright and dark elements produced on
the screen. On the other hand, television reception
is simpler than sound reception inasmuch as pro-

=

Fig. 2. Circuit diagram of a receiver set for television with associated sound.
¥, Ultra-short wave amplifying valve for vision with sound.

V, Mixing valve with oscillator V.

V, to V; Amplification and rectification of sound signals.
V, to V, Amplification of vision and synchronising signals.’
Vyp and ¥V, Transmission of vision signals to the control electrode of the cathode-ray .

tube.

Vie» Vi1 V3o Amplification of synchronising signals and transmission to the correspondmg
. saw-tooth wave generators for deﬂectmg the cathode ray.

Desiderata of the Television Receiver

A television receiver differs fundamentally from
an ordinary radio receiver in that for the reception
of television pictures a receiver must give a uniform
amplification over a very wide frequency range.
It is therefore not possible to use circuits with a
high selectivity, so that there is a marked reduc-
tion in the 'ampliﬁcation which . can be obtained
per stage. Furthermore in receiving vision — as
opposed to the reception of sound — any phase
displacement which may be ‘obtained during am-

nounced non-linear distortion is permissible. As a
result, the carrier wave and one of the side bands
are, for instance, quite sufficient for good reception.
This offers the 1mportant advantage that the
frequency band to be treated is only half as
wide, so that the amplification in the individual
stages is practically doubled.

Circuit Arrangements of the Receiver

In a television receiver the wave on which the
picture is modulated must be picked up, amplified
and rectified; the vision signal obtained in this .
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way must then modulate the voltage at the control
electrode of a cathoderay tube in such a way
that the scanning spot on the fluorescent screen
always has the same intensity as that of the corresp-
onding point in the original picture. In addition,
a scanning -arrangement ‘consisting of two saw-
tooth generators is required, so that the scanning

“spot will cover the whole surface of the screen; .

a device is also needed responding to the synchroni-
" sing signals picked up and thus synchronise the
operation of the scanning device with that of the

transmitter. Finally, the sound which is modulated -

on another carrier wave must also be picked 'up,
amplified, rectified and finally passed to a loud-
speaker.

In the receiver descnbed here, a television
cathode-ray tube is used giving a picture measuring
25 X 18 cm, almost white in colour and sufficiently
bright for viewing in a dimly-lit room. The tube
operates on an anode tension of 5000 volts. The
cathode ray is deflected in both dn:ectlons by
electrical means through the agency of two pairs

- of deflecting plates; the requisite deflection voltage
being approximately 1000 volts. The modulation
voltage at the control electrode of the tube is
approximately 30 volts. '

A simplified circuit of the receiver is shown in
fig. 2. The two carrier waves for vision and sound
are picked up with the same aerial and both am-
plified in the same high-frequency stage by an
amplifying valve ¥,; the frequency characteristic

of this stage must naturally be sufficiently broad

for this purpose. In the top right hand corner of
Jig- 3 is shown the frequency range occupied by the
carrier wave and the side bands carrying the vision
signals, while in the left hand corner is shown the
much narrower range of the other carrier wave
and the sound signals modulated on it. Curve I
in fig. 3 shows the frequency characteristic of the
high-frequency amplifying stage. The high-frequency
circuits in front of and following the amplifying
valve V) can be finally adjusted by means of small
trimming condensers, thus permitting these circuits
to be tuned to both the B.B.C. transmitter and
the Philips transmitter.

To separate the picture and sound signals the
heterodyne principle employed in radio receivers
has been introduced. The two signals are passed
to the mixer valve V, together with an auxiliary
frequency generated by the oscillator V.

- Two mnew carrier -waves are produced in the
mixer valve, each with a lower _frequehcy than the
two primary carriers. In conformity with the no-
menclature employed in heterodyne radio receivers,
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these new waves are termed intermediate-frequency

carrier waves, although- their frequencies - are
i —

! " €
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Fig. 3. Diagrammatic representation of frequency bands.
Above: Radiated signals for vision and sound.

1 Characteristic of stages ¥V, and V,. :

2 Characteristic of stages V, to V, for amplification of sound
signals,

3 Characteristic of stages ¥, to ¥, for amplification of vision
and synchronising signals,

4 Characteristic of stages Vi, to V;, for 1mphﬁcatlon of

. synchronising, signals.

situated in an entirely different band (e.g. 10 and

7°5 megacycles) than is the case in radio reception.

Vision is modulated on one intermediate-fre-
quency carrier wave and sound on the other. The
two carriers are passed together to the grids of
two intermediate-frequency amplifying valves ¥V,
and V. '

The anode circuit of ¥, is tuned to the sound
intermedate ' frequency and has such a narrow
frequency characteristic that the vision signals
are no longer able to pass. In fig. 3 this charac-
teristic is represented by curve 2. In this connection
it should be remembered that behind the mixer
valve the signals are transmitted on an entirely
different carrier; since fig. 3 is intended. merely
to give a general indication of the mutual positions
of the frequency characteristics in the different
stages, this displacement of the carriers has not
been taken into consideration in this figure. The
intermediate-frequency carrier modulated with
vision is further amplified in ¥ in the usual way
and rectified in the diode Vi the low-frequency
signal so obtained is applied to the gramophone
pick-up sockets of a standard radio receiver
equipped with loudspeaker and volume control.

As already indicated, the two intermediate
frequency carriers are also passed to the grid of
the amplifying valve V. The circuit following this
valve, as well as the two succeeding amplifying
stages with the valves ¥ and Vj, together furnish
a frequency characteristic of the type shown in
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curve 3 in fig. 3, so that in the anode circuit of the

valve ¥V, there remain only the picture and syn-
chronising signals. Behind ¥, a separation” again
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Fig. 4. Circuits of valves ¥y and ¥, which apply the vision
signal to the.control electrode of the cathode-ray tube.

takes place. Passing to the left the modulated
intermediate-frequency waves reach the valve V),
which functions as an anode rectifier. Following

1
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fig. 5a; the grid voltage adjusts. itself in such a
way that the peaks on the right, which in this
case correspond to the base of the synchronising
signal, just fall within the region in which grid
current flows. For each line scanned the vision
signal is of different form and in general exhibits
marked fluctuations in modulation depth, as shown

‘e.g. for two lines in fig. 5a. On the other hand,

the synchronising signals always have the same

 modulation depth, so that the broken lines marked

I and 2 will always occupy the same positions. -

" In consequence, the values V) and V, (fig. 5b), of

the voltage at the anode of V20, corresponding
to the grid voltages 1 and 2 will also always be
the same irrespective of the modulation of the
vision signals. The control electrode of the cathode-
ray tube is connected directly to the anode of V).
By applying a suitable negative tension (adjusted
with the potentiometer P) between the control

-

Vg/,///lg
.
|
<
|
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Fig 5 o Characteristic and applied grid voltage
of valve V.

rectification picture signals are obtained which
can also be termed picture-frequency signals;
they are amplified by V,, and finally passed to
the control electrode of the cathode-ray. tube.

Since this part of the circuit requires closer -

attention, it has been reproduced separately in
fig. 4. The picture-frequency signals furnished by
the anode rectifier V,, are passed through a con-
denser C to the grid of V,; this grid is connected
to the cathode through a high resistance R; as
‘long as no signal is received the grid is at zero
potential with respect to the cathode. If now the
picture-frequency signal is applied to the grid,
grid current will flow and produce a voltage drop
in the resistance R, as a result of which the mean
grid bias becomes negative. This is shown in

b Anode volts of = ¢
valve Vg

- _/D
—t : : _
=
t ;)
. 20687
E

Voltage at “control electrode
of cathode-ray tube.

electrode and the cathode, the picture-frequency
signal can be applied to. the control electrode
of the cathode-ray tube in the manner shown
in fig. 5¢; it is seen that the line DE corresponding
to the perfectly dark picture occupies such a
position that current just fails to pass through
the cathode-ray tube, while modulation to the
right of DE allows a beam current to pass, which
is apprommately proportional to the modulation
and thus increases and diminishes with the bright-
ness of the radiated picture.

Reference will be made to some further detalls
of the receiver circuit. Correct tuning is obtained.
by adjusting the oscillating circuit of the oscillator,
shown next to V; in the circuit diagram, in such
a way that the loudspeéaker reproduces the sound
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picked up, i.e. tuning is done on the sound and not
on vision, since the circuits in the receiver have
much sharper resonance curves than those of the
television receiver. Automatic volume controll is
provided’ in the sound intermediate-frequency
ampliﬁer to prevent overloading and also to minimise
variations in the loudspeaker sound output, oc-
curring as a result of a shght drlft in the oscillator
frequency. :

It is evident from curves I and 3 in ﬁg 3 that.

only, one of the two side bands of the carrier on

- which the vision signals are modulated is amplified.
The suppression of the other side band does not
adversely affect the quality of the picture, as has
already been pointed out above.

Synchromsmg Signals

In dlscussmg the receiver circuits in reference to
fig. 2 it was already mentioned that an intermediate-

- frequency carrier on which the picture and syn-

chronising signals are modulated is obtained in the
circuit behind V. The carrier wave is amplified
. by the valve Vy,, and the circuit following this
valve has a transmission characteristic of the type
shown in curve 4 in fig.3, ¥}, is a triode with in-
corporated diode (fig.6). The incoming signal

7]
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" Fig. 6. Circuits of the diode-triode V7y;,. The short line repre-
_ sents the diode anode. In this stage the synchronising 51gnals
are separated from- the vision signals.

is rectiﬁed in the diode giving a picture-frequency
signal at the resistance R,. As shown in the figure
the signal is also applied at the same time to the
grid of the triode. The characteristic of the triode
is so chosen (fig. 7) that the amplitudes of the
vision signals all fall within those grid voltages
at which no anode current flows, while the opposite
is the case for the synchronising signals. The
anode current of the triode is thus of the form
shown in fig. 7b; it is seen that the synchronising
signals are almost completely separated from the
vision signals . proper.

The circuit shown in fig. 6 is followed by the
stage Vy,, which serves for the still more complete’

separation of the synchronising signals from the

- Fig. 7.
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vision signals. Following Vie are filters in which
the.line and picture synchronising signals can be
separated from each other on the basis of their

ia
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a Characteristic and apphed grid voltage of the
diode-triode valve F7;.
b Anode current of triode section of V7,.

frequency difference; finally, each is applied to
one of the saw-tooth wave generators servmg for
deflecting the cathode ray.

Saw-tooth Wave Generators

In the circuit diagram the saw-tooth wave
generators are represented by two groups each
composed of three circuits (not specifically indi-
cated) on the right of the cathode-ray tube. Each
of the two generators contains a condenser which
is charged through a resistance and discharged by
a valve (top circuit). The saw-tooth voltage of the
condenser is amplified by the two amplifying
valves following it, and which apply the scanning
voltage to the deflection plates of the cathode-ray
tube. The circuit containing the two amplifying
valves is so arranged that the saw-tooth generators
automatically continue in operation, even in the
absence of synchronising signals. Means are also -
provided for improving the linearity of the saw-
tooth waves. Each. saw-tooth generator is actually
duplicated in order to be able to employ different
scanning methods, a point already indicated at
the outset. )

Assembly of Components

The cathode-ray tube (f in ﬁg 8) is- mounted
horizontally in a chassis a, on which the various,
amplifying stages and the saw-tooth generators
are also fixed. The tube is inserted from the front,
after removing a loose front panel on the cabinet.
Behind this panel those controls are also mounted
which normally require a smgle adjustment only
and need no further attention during normal
operation of the apparatus. :
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. Four control knobs serve for the adjustment of
the television receiver (in the actual apparatus
these are combined to a pair of twin knobs k and 1),

B I
@\_&.—_._. —_F |_L_ a

(2]
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Fig. 8. Diagrammatic section through the receiving set.
a Vision receiver. b Broadcast receiver. ¢ Loudspeaker.
d Anode current unit ¢ Safety contact. f Cathode-ray
tube. g Tuning scale of radio receiver. .

Vision controls: h Pic¢ture adjustment.
of scanning method.

Radio controls: m Volume and band width.
wave range; on. and off switch; changeover for radio or
television reception. .

! Tuning and selecting

n Tuning and .
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and with which the following adjustments can be
made: 1. Adjustment’ of the amplification of the
vision amplifier, permitting a variation of the
amplitude of the picture-frequency signal at the
control electrode of the cathode-ray tube - (see
fig. 5¢) and thus increasing or reducing the bright-
ness of the picture; 2. adjustment of the potentiom-
eter P in fig. 4, permitting the line DE (fig. 5c¢)
corresponding to a dark screen to be brought into-
the correct position, viz., just at the current cut-off
point of the cathode-ray tube; 3: tuning of the
oscillating circuit'; 4: changing over from one
scanning system to the other.

The chassis b for a broadcast receiver with the
control knobs m and n, which can also be used
for normal radio reception, is mounted lower in the
cabinet. The television receiver is switched on in
the fourth position of. the wave switch, and the
associated sound is then reproduced through the
pick-up connections of the sound receiver.

‘The loudspeaker and the various anode voltage
units are located is the bottom of the cabinet.
All high-tension leads are provided with metallic
screening throughout the set; protection against
high-tension shocks is also provided, the mains -
voltage. being cut off and the high-tension conden-
sers discharged when the cabinet is opened.
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THE REPRESENTATION OF COLOUR SENSATIONS' IN- A COLOUR
SPACE-DIAGRAM OR COLOUR TRIANGLE

By P. J. BOUMA.

Summary. On the basis of the experimental results obtained on colour mixing, it is demon-
‘strated how all colour sensations can be represented in a colour space-diagram and how
various transformations can be applied to this space-diagram. In many cases such a
space-diagram can be replaced by a suitable colour triangle. Various characteristics '
of these triangles, particularly the I.C.I. 1931 standard triangle (fig. 4), are discussed,
and a series of formulae given for the computation of colour mixtures.

Introduction

Coﬁéidering the practical importance which has
-been recently acquired by the problem of charac-
terising colour sensations produced by modern

sources of coloured light, it appeared to us desu:able_

to expand our purely qualitative analysis of colour
~ perception given in a previous paperl) to a more
precise quantitative discussion of the method for
characterising these colour sensations and to
describe the experimental principles of this method.

‘A colour sensation is produced when a
specific type of light stimulates the retina of the eye.
Colour sensations produced by different means,
(e.g. by mechanical agents) will not be discussed
here. The nature of the colour sensation is deter-
mined by: '

1) The physical composition (spectral dlStrlblltIOIl).

of the incident light, and
2) The characteristics of the eye.

Cdnstruction of a Colour Space-Diagram

It is assumed that we are dealing with a
“standard” and unstrained eye, which does not
receive colour
stimuli. The effects of fatigue, a%ter-images, simul-
taneous and successive contrast are considered
to be absent. It is also assumed that the bright-
ness level is neither so low that the Purkinje
phenomenon 2) is obtained, nor ‘'so high that a
condition of glare results. :

In these circumstances the well-known rule of
mixture applies:

simultaneously widely-different

If three arbitrary relative spectral distributions -

(i.e. three types of light) are selected, each colour
sensation can be created by suitably mixing these
three “primary colours”. The required result can
be obtained in each case only by a specific ratio
‘of the primary colours. '

" 1) Philips techn. Rev. 1, 283, 1936.
2) Philips techn, Rev. 1, 102, 142, 166, 1936.

- To ensure the general validity of this law we
must conform with the two following new  con-
ditions: ‘

1) The three primary colours must be selected
in such a way that it is not possible to produce -
any one of the colours by a sultable mixture -
of the other two. v

2) In each selection of the fundamental colours,
there are always colours K present which

- cannot be produced.in’ the manner indicated;
in. these cases it is however always possible
— and actually in one way only — to select a
mixture of K with one or two primary colours
and to obtain an identical colour sensation by
combining the two other primary colours (or by
taking a specific amount of the third primary
colour). The fact that a definite quantity B, of
a certain primary colour is added to K may be
expressed as follows: “We add the quantity
— B, of this primary colour to the simulative
mixture of the primary colours”; hence the rule
of mixtures assumes general validity in that
negative quantities of the primary colours can
also be dealt with.

Since with a specific choice of the primary colours
a certain colour sensation (brightness B) can be
simulated in one and only one way by mixing the
three primary colours with bnghtnesses B,, B, and
B, this colour sensation is completely characterised -
by the three quantities: Bl,Bz,B:, It may be recalled
that these three numerals determine merely the
colour sensation and do not express the spectral -
composition of theé light.

The totality of the colour sensations which can
be produced is therefore three- dimensional, in
other words™ if we "employ a three- dimensional
diagram 3) with the co-ordinates x;, %, % each-
colour sensation card be represented by a point in

3) It is immaterial whether the systems of axes are rec-
tangular or obllque, in figs. 1 and 2 they have been taken
as oblique.
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this diagram, when we take x, = B,, x, = B,,
and x; = Bj. To each colour sensation there thus
corresponds one point, and to each point no more
than one colour sensation.

Characteristics . of the Colour-Space-Diagram

To obtain some .idea of the position of colour
sensations in this space diagram, attention must
be called to a few laws which with the restrictions
outlined above (standard unstrained eye, brightness
above the limiting value of approximately 3 candles
per sq.m, etc.,) are of general validity:

1) On a proportional change in energy two “phy-
siologically eqﬁivalent” colours remain phy-
siologically equivalent, i.e. if two different il-
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ration in the energy of an illuminant (with constant
spectral composition) displacement takes place
along a line through the origin in the (x,, x,, x,)
space diagram. V

" For if B (colour k) ~_ B, (colour 1) + B, (colour 2) 4 B,

(colour 3) %) we have according to this law:

nB (colour k~ n B, (colour 1) -+ n B, (colour -2) + nB,
(colour 3). ) :

The brightness B (colour k) thus has the co-ordinates x, = B;,

———

X

Fig. 1. Diagrammatic representation of a colour space-diagram with red, green and blue
spectral colours as primary colours. The spectral colours lie on the surface of a cone, the
saturated purple colours in a plane O-r-v, and all other colours within this cone.

Colour triangles are obtained in the planes x; + x, 4 x;. The line O-w represents white;
the cone is truncated on the left for taking account of the Purkinje phenomenon.

each illuminant (and hence also the bright-
nesses) are multiplied or reduced by the same
factor (thus leaving the relative spectral dis-
- tributions unaltered). . . B
- 2) Physiologically equivalent colours behave sim-

ilarly in any mixing process, and they can’
therefore be substituted for each other in any °

mixture 4). . \ o
3) The brightness of a mixture is equal to the sum
of the brightness valués of the components.

It follows from the first law that on an alter-

4) It should be carefully noted that this rule does not hold
in regard to the mixing of dyes.

%y = By, x; = Bj, and the brightness n B (colour k)
the co-ordinates x," = n By, x,” = n B,, 5" = n By. Dis-
placement is thus along a straight line through the origin.

_ In particular a line through the origin corresponds
to every spectral colour. These lines lie on the
surface of a cone which is shown diagrammatically .
in fig. 1, where the primary colours selected are
at 4358, 5461 and 7000 A. These are the three
spectral colours which Guild and Wright em-
ployed for their calibration of the spectrum.. The
second is the "blue mercury line and the third

5) The symbol ~ is used to_indicate “physiological equiva-
lence”. ) .
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the blue mercury line. The letters r, g, gr, b and v
represent approximately the positions of the
spectral red, yellow, green, blue and violet. r and v
correspond to the ends of the spectrum. The cone
is truncated to the left in accordance with the above
restriction regarding the brightness level.

From the second law it follows that a mix-
ture of colours in the space diagram can be
represented by vectorial addition.

For if:

B (colour k) ~ B, (colour I) + B, (colour 2) 4 B, (colour 3)
and:

B’ (colourk’) ~ B,’ (colour 1) + By’ (colour 2) + B/ (colour 3)
then according to this law we have: _

B (colour I) 4+ B’ (colour k') ~ (B, + B,’) (colour 1)
+ (B, + B,’) (colour 2) + (B; + By’) (colour 3). .

The following co-ordinates therefore apply to the colour
sensations B (colour k) and B’ (colour k’):
= Bl,xZ—Bz,xa—Baandxl—Bl,xz,—Bz,xa—Ba
and to the mixture of these two colours:
%" =B, + B, s = 32 + By, %" = B; + By'.
The vector (%", x,”’, x;”’) is thus actually dbtained by
adding the vectors (x;, %,, %3) and (%, x;’, x3").

" We also see why the primary colours may not
be selected in such a way that one of them can be
‘produced by a mixture of the other two: Such a
combination of three primary colours would be
shown in fig. 1 by three coplanar vectors, and with
these primary colours only the colour sensations
laying in this plane could be obtained. It follows
furthermore from the rule of mixtures deduced
above that:

1) The plane O-v-r contains thé mixtures of

spectral red and spectral violet (saturated
_purples). '

2) All mixtures of spectral colours (i.e. all colour
sensations) lie within the surface.of the cone
formed by the spectral colours and the plane
O-v-r. In other words: Each point within this
‘conical surface represents a specific colour
sensation; a point outside this surface represents
no colour sensation'at all and has therefore
only a geometrical significance. The line O-w
represents white light.

From the third law we get the bnghtness
equation:

B=Bl+Bz+Ba

In fig. 1, r-gr-b and r'-gr'-b’ are planes which cut
off equal lengths from the'three axes; their equation
" . is thierefore %, 4 x, + x, = Cconstant, and these
planes are thus planes of constant brightness.

or.B=x1_‘—|—x2—|-x3. (1)

COLOUR SPACE AND COLOUR TRIANGLE o a1

Transformations of the Colour Space-Diagram

Having represented the various colours in this -

way we can pass in different ways from this system
to other systems, in which a colour is determined
by three other numerals, i.e. we can transform the
colour space-diagram obtained in various ways.
The most important transformation is the homo-
geneous linear transformation, which consists in

substituting the co-ordinates (%', x,’, ;') for the -

co-ordinates (%,; %,, %3), the relationships between
the two sets of co-ordinates being as follows:

%, = ay %) + 6y 2, + a0y :
I3 4 I3

X =Dbyx' +byx + by’ 5. . . (2)

I3 .
%y =0 %  + Cyx + C3 & ’

This substitution corresponds to a geometrical

rotation of the axes with simultaneous and dif-

ferent contraction or elongation in the directions

- of the three axes. In many cases this can be inter-

preted physically by a different choice of primary
colours coupled with a choice of different brightness
units for the three different primary colours. But
this interpretation is only applicable if the new
axes lie within the cone in fig. 1. If they are outside
it (and transformations of this type are frequently
employed in practice) transformation (2) loses its
simple physical meaning. It is advisable therefore
to regard this transformation always as a pure
mathematical artifice ©). The purpose of these
transformations.is purely of a practical nature, for
by a suitable choice of the coefficients in (2) dif-
ferent purposes can be served, e.g.: ’

1) The white line O-w can be brought into a speciﬁé »

position with Tespect to the axes, e.g. so that
it can be represented by the equation x' =
%, = %3

2) The brightness equation which after trans-
formation is:

B = (a; + by + ¢)) %' + (@, + by + ¢5) 5" +
+ (a3 + by +.¢3) %5’
can be given a specific form, e.g.

’.
B = «,;

'3) That all colour sensations shall have posii:ive

co-ordinates exclusively; this cannot be done
if the three axes are all within the cone of fig. 1
or lie along its surface. These axes can therefore
no longer be regarded as representing colours.

\

%) We prefer this interpretation to_the mtroductmn of the
rather problematlc and obscure concept of “imaginary
primary colours”. A line outside the cone does not represent
an imaginary colour but it represents no colour at all.
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bFig. 2 shows an example of a colour space-
diagram which has been obtained by a t1.'ansfor-
mation of this type and which has the three above-
mentioned characteristics. The planes x," + x," -+
%, = constant shown are now no longer planes
of constant brightness, such planes then being
all parallel to the plane O-x,"-x;" 7).

Construction of Colour ‘Triangles

Since all colours which lie in a straight line

" through the origin appear to be of practically the

same character to the eye and only differ in bright-

ness, it is frequently desirable to replace such a

line by a point. This can be done by the following
transformation:

bxl.
by = —————
1 % + x - %3
x
= N
. ' %+ % + %3
. %3
fg — ———————
8 % + x4+ x5 .

?) The truncation of the cone made necessary by the
Purkinje phenomenon has not been shown in this
figure. It would also be parallel to the plane O-x,’-x4.
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All points on a straight line through O have the
same co-ordinates (7,, t,, t3), and the equation
t, + t, + t; = 1is always satisfied. We can there-
fore say that if we are only interested in the charac-
ter of a colour sensation and not in its brightness,
it is sufficient to know the ratio of x;, x, and x,,
i.e. the co-ordinates (%, f,, t;). The co-ordinates
determined by equation (3) can be represented in
different ways:

1) In an equilateral triangle. If we draw an equi-
lateral triangle with height 1, the well known
property, that the sum of the distances of any
point from the three sides of the triangle is
always equal to unity, allows us to represent
the colour (%, ,, t;) by a point with distances
ty, &, and f; from the three sides. Geometrically
we can visualise such a triangle being obtained

. by choosing the trihedral angle 0-x,-x,-x; in the
corresponding colour space-diagram equilateral
and projecting the space from the centre on to
a plane %, + %, + %; =.constant (which 'is
genera'lly not a plane of constant brightness).

Xz

.

)(” 20598

Fig. 2. Diagrammatic representation of a colour space-diagram obtained “from fig. 1.
by linear transformation. The axes of co-ordinates lie outside the colour cone. O-w (white)
has equal distances to the three axes. Contrary to fig. 1 all colours have three positive

co-ordinates.
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Examples of this geometrical construction are

shown in figs. 1 and 2.

2) In an isosceles right-a
vantage being that it

Since t, + ¢, + #; = 1 it is sufficient to give two
of the co-ordinates, for instance t, and t;. We
can therefore also plot the points in a rectangular
‘system of co-ordinates, with ¢, and t, as ab-

scissa and ordinate. It

ty = /2 times the distance of the point from

the line t, + ¢t; =1
triangle). '

, COLOUR .SPACE AND COLOUR TRINAGLE

ngled triangle (the ad-
is easier to conmstruct).

is readily seen that then

(the hypotenuse of the

The following illustrations give examples of
colour triangles (drawn from the second method)
with spectral colours and the white point W both

inserted,

and which have been derived from

different space-diagrams:

0
- t2
08| ?
15300 -
061520 %
04 . N
W o
02
7000
5]
0 02 04 06 08 10

Fig. 3a. A colour triangle based on the early measurements

of Konig. For white we have here t; = t, = t,.
The brightness equation for the corresponding space
diagram is:

B = 0.568 x, + 0.426 x, + 0.006 x,

-

The axes are outside the spectral cone and are chosen
in those directions in which we can move through
space without certain types
" perceiving any change. If we assume that the three
dimensional nature of the totality of colour sen-
sations is due to the'existence of three photo-sen-
sitive systems in the eye (red, green and blue sys-
.tems), and that in those suffering from colour blind-
" ness one of the systems is lacking ‘and that a white
sensation is obtained by an equivalent stimulus

of each of these three systems, the triangle 3a will

represent approximately to what extent these
gystems are stimulated by specific types of light.

of .dichromates

y:
ﬂ\«w 4.300// Lt

o 02 04 06 . o8 10
’ ' 20600

Fig. 38b. A colour triangle based on the same measurements

as fig. 3a, and for whose space-diagram the bright-
ness équation B = %’ + x,” 4+ x,” applies. By the
transformation x,’ = 0.568 x, x’ = 0.426 xz,
xy’ = 0.006 x; this space diagram becomes trans-
formed to the previous diagram. The advantages
of the simpler brightness. equation and the simpler
rule of mixing  resulting therefrom (see below)
are discounted by the serious disadvantage that

" the white point W is now situated very close to the

spectral curve and an appreciable part of the colours
is hence concentrated in a small space. For this
reason space diagrams with B = x," + x," + =
are never used in practice.

’ ngl’—\]\

200
&l 5100
16 \~\

h \

20601

Fig. 3c. A colour trangle reproducing the recent measure-

ments of Guild and Wright. The primary col-
ours chosen here are the spectral colours 4358 A/




44

5461 A and 7000 A; the brightness equation for the
space-diagram is B = x; + 4.39 x, + 0.048 «x,.
The white (the standard N.P.L. white fixed by the
National Physical Laboratiory which very closely
resembles sunlight) is located at the centroid of the
triangle. As is always the case where the axes of the
space diagram actually represent colours, some
colours occur with negative co-ordinates (thus for
A = 5000 A, ¢, is negative).

10 ’

08|
05

04

02

AN

~08 0
‘ 20602

Fig. 3d. Another colour triangle also based on

the measurements of Guild and Wright.

This triangle was recommended in 1931

by the International Commission on II-

lumination (I. C.I.) and is now employed

internationally. The white (here the equal

energy spectrum, i.e. the spectrum’ which

has the same energy Ed A in all wave

length regions 4 - 4 4 d 1) is located

at the centroid; two of the sides touch the

spectral curve 8); the brightness equation

in the corresponding space-diagram is:

B = x,. In a physical sense this equation

has a some what surprising character as it

_ does not contain the co-ordinates x, and x,;

but it must be remembered that this

system has been evolved by a purely

formal mathematical transformation from

a system in which the physical inter-

pretation of all magnitudes and formulae

was directly apparent. The corresponding
space diagram is shown in fig. 2.

o

a6

Charactéristics, Concepts and Formulae of Colour
Triangles

Rules of Mixtures. From the space-diagram rule of"
mixing (vectorial addition) it follows immediately,
8) By very careful interpolation it is found that this is not

quite correct for the hypotenuse in ﬁg 3d; the dlﬁ'erence
is however extremely small.
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in conjunction with the geometrical method of

‘construction of the colour triangle, that in the

triangle all mixtures of two colours lie on the line
joining the colours ?).

The position of the mixture on the join depends
on the brightness ratio of the components. If 4
(t1, t5, t3) and B (1), ty’ t;') represent the colours
in the triangle which are mixed with brightness
B and B’ (fig. 3d) and if the brightness equa-
tion. for the corresponding space-diagram is
B = ax, 4 bx, 4+ cx;, then it can be shown
mathematically that the position of the point C
representing this mixture is given by the expression:

AC
CB

_Blay +btytcty
B aty + bty + cty

For colour triangles derived from space diagrams

with B = %, + %, + %,, this expression becomes:
' AC B
CB B

‘;l‘he "mixture of two colours having equal bright-

nesses is in this case always-located at the mid-
point of the line joining the colours. For the colour
triangle in fig. 3d we have:

(4)

. Dominant Wave-Length and Colorimetric Purity.
It is seen from fig. 3d that a colour P (1,”,t,",1,")
brightness B” can be obtained by mixing white light
with brightness B’ with a brightness B’ of a specific
spectral colour Q (%', 1)/, t;'). The wave length
of Q is termed the dominant wave length, and the
ratio E = B'/B"” the colorimetric purity of the
colour P. '

The colours P* which he in the triangle r-W-v
(fig. 3d) cannot be formed from white light and a
spectral colour; yet the colour P* (1", t,”, t,”')
(with brightness B’') can be mixed with spectral
colour Q* (, t,, t;) (with a br1ghtness B’) the result
being white light (z,, t, ¢;) (with brightness B).
In this case the wave-length of Q* is termed the
dominant wave length, and the ratio o =— B’/B"
the colorimetric purity of the colour P*: points
in the r-W-v triangle (purples) therefore have a
negative colorimetric purity. '

9) This rule was introduced in the previous article as a
convention. It is shown here that this convention was -
quite ]ustlﬁed
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For all pomts in the colour triangle the equatlon
apphes
+ bt + ctf

a tl" + b tz” + c tsll
at + bty 4+ cty

° ’
a tl" + b tz” + c t3”

where 1, 2 or 3 can be substituted for i as required,
while WP/W(Q must be taken negative, when W
lies between P and @, and positive when P lies
between Q and W.

For colour triangles whose space diagram is
given by B = %, + x, |+ x,, the colorimetric purity
is given by:

WP at
WQ

ti . ti”

t, — ¢/

COLOUR TRIANGLE

we _
o

i, —

13

144
L

o= —_— -
t, —

For the triangle in fig. 3d we thus have:

’

__wpP
~ W

b
2}

ti _ ti” t2'
— -

2

rn

— 6)
This triangle has been reproduced again in fig. 4
with the curves of comstant colorimetric purity
inserted. Since equation (5) also contains the factor
t,'/t,”", the scale of colorimetric purity -along a
straight line through W is generally not uniform
(especially marked deviations in the blue).

Determination of the point in the colour triangle
corresponding to a specific spectral distribution E (2).

020

100 Consider the various spectral colours are taken
in turn each with the same energy. These dif-
ferent colour sensations will give points in the space

090 diagram which form a curve on the spectral conical

B surface: .
5209 _ . _ .
\ e % = % (), %3 = %5 (A), 2% = x5 (2).

080 . \

1 Lo For the space diagram from which fig. 4 was
derived the co-ordinates for this curve are given

0701 in Table I.

5500
5050
-t 6:0
c00 “.90
060
. %
15700
2
0501 ss00 %
s o
%
- 5900
I/ 4 A )
w85 § F>2
m F AN -
[ S
0304 ><_ Sge |\\\ 3900
[ - Qs \ \\ N
. - 99 N
_ S2W; \\ N "
R ™~ 2 /. i N
020 ~ ) D N2 \|
%, D "‘T’
< .
010 N - \
< -
10> \\47014
£
461
t3 ] 440l
1
0 00 030 040 050 060 070 - 080 090 100

20603

Fig. 4. The colour triangle specified by the I.C.L. (see also fig. 3d) with lines of constant
colorimetric purity and a series of special points: 1) Dayllght (sun and sky); 2) Blue sky,

3) Mercury light; 4) Black-body radiation.
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Table I. Colour co-ordinates based on the LCI. System.

i lmwlam|zwl 2 awlao|sze

3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400
5500
5600
5700

0.0014
0.0042
0.0143
0.0435
0.1344
0.2839
0.3483
0.3362
0.2908
0.1954
0.0956
0.0320
0.0049
0.0093
0.0633
0.1655
0.2904
0.4334
0.5945
0.7621

0.0000
0.0001
0.0004
0.0012
0.0040
0.0116
0.0230
0.0380
0.0600
0.0910
0.1390
0.2080
0.3230
0.5030
0.7100
0.8620
0.9540
0.9950
0.9950
0.9520

0.0065
0.0201
0.0679
0.2074
0.6456
1.3856
1.7471
1.7721
1.6692
1.2876
0.8130
0.4652
0.2720
0.1582
0.0782
0.0422
0.0203
0.0087
0.0039
0.0021

0.9163
1.0263
1.0622
1.0026
0.8544
0.6424
0.4479
0.2835
0.1649
0.0874
0.0468
0.0227
0.0114
0.0058
0.0029
0.0014
0.0007
0.0003
0.0002
0.0001

0.8700
0.7570
0.6310
0.5030
0.3810
0.2650
0.1750
0.1070
0.0610
0.0320
0.0170
0.0082
0.0041
0.0021
0.0010
0.0005
0.0003 |
0.0001
0.0001
0.0000

5800
5900
6000 |
6100
6200
6300
6400
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700

0.0011
0.0008
0.0003
0.0002
0.0000

[—]

(== = — I — T I Y — i — Y — = =

" The following formula is employed to determine
the point in the triangle corresponding to a glven
spectral distribution:

11y 1y = E() B (A)dA: SE(Wy(A)d2: SE(2)ey(A)d2,

| (6)

or, for a line spectrum, the expression:

ty 1ty ity =IE (A) %, (1) : SE(A) %, (A) : ZE(A) %5 (1).
' (7)

In fig. 4 a number of these calculated spectral
distributions have been inserted.

1) Daylight (mean result of measurements of ~

Miss Eymers) consisting of a combination of
direct sunlight and reflected sky radiation. Do-
minant wave length 5600 to 5770 A; colorimetric
purity 0.14 to 0.22. :

2) Light of blue sky (Eymers): Dominant wave

length 4835 to 4855 A; colorimetric purity 0.09 -

- to 0.13.
3) Mercury light (1 atmos. pressure).

0.0017
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4) The dash line represents black-body radiation
at various temperatures. Close to T = 2800 °K
is the colour of glowlamp light.

Fig. 4 can be used for the graphical determination
of the dominating wave length (1) and the colori-
metric purity (see equation (5)) from the co-or-
dinates (z;, ¢y, #3). As examples:

t; = 0.1, 1, = 05, t; = 0.4 gives 4 =

o = 0.81 (fairly saturated blue-green)
=04, =02, t; = 0.4 gives A = 5215 A, 0 =

" — 1.12 (a mixture of purple and white with green
complementary colour).

5021 A,
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. OCTAVES AND DECIBELS

By R. VERMEULEN.

Summary. With the aid of practical data, the relationships are discussed between the
acoustic magnitudes: Pitch interval and loudness, and the corresponding physical mag-
nitudes: frequency and sound intensity. The object of this article is to emphasise that
the logarithmic ‘units, octaves and decibels, should be glven preference in acoustics for

denoting physwal magmtudes

Why is a preference shown in acoustics and
associated subjects for logarithmic scales and are
even new units introduced to permit the employment
of such scales? The use of logarithmic scales in
acoustics is justified from a consideration of the
characteristics of the human ear, apart from
many other advantages offered in both this and
~other subjects. Reasons for this are that to a
marked extent' acoustic measurements, and par-
ticularly techmical sound measurements, represent
attempts to find a substitute for direct judgement
by means of the ear. An instructive example of
this is offered in the determination of the charac-
teristics of a loudspeaker, in which not only must
the reproduced music and speech be analysed
critically but inter alie the loudness also deter-
mined, i.e. the sound output of the loudspeaker
“at’ different pitches for an equivalent electrical
power input. Yet neither the loudness nor the
pitch is a physical magnitude; these are physiolog-
ical and even to some extent psychological factors,
which cannot be evaluated by direct measurement,

since they are purely - subjective. To arrive at a

numerical value it is therefore necessary to make
do with an objective measurement of specific
physical factors, and in the case under discussion,
for instance, the sound output measured as a func-
tion of the frequency. To do this it is very desirable
to select such units for expressing the results
arrived at that the numerical values are to some
. extent proportional to the corresponding physiolog-
ical sensations. The same applies to electrical
magnitudes when these are used for sound trans-
mission, as for instance in telephony.

Pitcl; and Frequency

«

It is well-known that the pitc‘h is related to the
frequency of the fundamental tonel). That this
relationship, is, however not a linear function
will be evident from the following considerations.

1) That this relationship is not strictly absolute, but is
determined somewhat by the intensity and timbre, is
left unconsidered here.

In music, wheré without any close insight into the
physics of sound the pitch has always been denoted
in musical scores by notes, the concept “musical
or pitch interval” has been introduced to represent
a specific difference in pitch. The most important
pitch interval is the octave: Two tones which
are at an interval of an octave have such a marked

. natural similarity that musicians have not consid-

ered it necessary to introduce different names for
them, but have merely distinguished them by -
means of indices. In addition to the octave, there
are pitch intervals, such as the fifth, fourth and
several others, which are similarly perfectly natural
and self-evident, not only because two tones which
differ from each other by such a pitch interval
harmonise with each other, but also, and this is
the more important for what follows, because such
pitch intervals occur at all pitches with equivalent
differences.’ . _

Musicians therefore indicate the pitch in. musical
notation in such a way that a pitch interval nearly
always corresponds to the same difference in pitch 2),
independent of the absolute pitch value. The
keyboard of the pianoforte is also based on the
principle that equal pitch intervals are reproduced.
at uniform intervals throughout the whole compass
of the instrument.

A pitch interval regarded from the physical
aspect is, however, not representative of a specific
difference, but of a specific ratio of frequen-

‘cies, an octave corresponding to a doubling of the

frequency, and the fifth to a ratio of 2 : 3, ete.
(see Table I). The logarithm of the frequency
shares in common with the pitch the property
that on an alteration of the tone by the same
pitch interval it always increases by the same
amount, irrespective of the absolute frequency

values:

mé=wﬁ—wﬁ.
fz R

2) These mtervals are not absolutely equal since the pitch
interval between two successive tones in musical notation
is usually equal to a whole tone but sometimes also equal
to a semitone.
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Hence in the light of our introductory remarks

the logarithm is a suitable measure for the pitch.

Octaves

Owing to the fundamental importance of the
octave to hearing it appears desirable to select
not 10 the Briggsian base, but the number 2 as
the base of logarithms. In this way we get for the
magnitude I of a pitch ‘interval with the octave
as unit:

I= 2logﬁ'= 3.320 10logé .
f2 2

The octave can be subdivided in various ways.
The most common subdivision has been developed
from the desire to arrive at a scale enabling the

Table L
1 2| 3 ]4]s 6 | 7
Frequency *Milli-
ratio octaves
. Pitch1 § - - .
terva em- ‘em-
B - e
Unison : C 1 (1.000{1.000 0 0
Comma . | 81/80(1.013]1.000| 17.92 0
Semitone C# | 25/24/1.042|1.059| 58.89| 83.33
Limma 16/15{1.067|1.059] 93.11( - 83.33
Minor second Db | 27/25(1.080{1.059( 111.0 | '83.33
. 10/9 {1.111|1.122( 152.0 | 166.6
Major second D 9/8 |1.125{1.122| 169.9 ; 166.6
Augmented second | D# | 75/64(1.172|1.189| 228.8 | 250.0
Minor third Ep| 6/5 (1.200{1.189] 263.0 | 250.0
Major third E | s5/4 [1.250/1.260| 321.9 | 333.3
Diminished fourth |Fp | 32/25(1.280{1.260( 356.1 | 333.3
, Augmented third | E# |125/96[1.302|1.335| 380.7 | 416.5
Perfect fourth F 4/3 11.333|1.335| 414.8 | 416.5
Augmented fourth | F# | 25/18]1.389|1.414| 473.9 | 500.0
Diminished fifth Gbh | 36/25|1.440|1.414.] 526.1 | 500.0
Perfect fifth - G 3/2 |1.500]1.498] 585.0 | 583.3
Augmented fifth G# | 25/16|1.562]1.587| 644.0 | 666.6
Minor sixth Ab | 8/5 [1.600{1.587| 678.1 | 666.6
Major sixth A 5/3 11.667)1.682; 737.0 | 750.0.
Augmented sixth | Af |125/72[1.736|1.782| 795.8 | 833.3
Minor seventh Bb | 9/5 [1.800|1.782( 848.0 | 833.3
Major seventh B | 15/8 [1.875/1.883| 906.9 | 916.6
Diminished octave | Cl | 48/25[1.920(1.883| 941.1 | 916.6
Augmented seventh | Bf |125/64|1.953|2.000( 965.7 [1000.0
Octave c 2 {2.000]2.000(1000.0 (1000.0

In addition to the musical notation. (2), the above table gives
for the various pitch intervals, which are also indicated in
fig. 1, the following data: (3) the numerical ratio determining
the pitch interval and which for the less simple pitch intervals
is always a simple ratio, e.g. 125/64 = (5/4)® (i.e. the pitch
interval is composed of three successive thirds). The next
column (4) gives this fraction in decimals, while (5) gives the
tempered scale approximating to the natural pitch interval.
In the last two colums both the natural (6) and the tempered
(7) scales are given in milli-octaves.

Vol.r 2, No. 2

natural pitch intervals to be obtained with the
minimum number of keys per octave in instruments

“with a fixed keyboard, such as the organ and .

pianoforte. The principal natural pitch intervals
are shown on a logarithmic scale in fig. 1 with a

¢ d e f q a b | c
[TITT ] I l [T 11 | | l
% % % % % % % K%
¥ 5 ¢ 8
I |

3 4 5
_____ 3 4 [ —
% " % )
| |
- 5 1 #
I " %
' |
20767

Fig. 1. Pitch intervals and scales. Below the keyboard of the
pianoforte, the frequency ratios of the tones on the tempered
scale are given logarithmically, and below these again the
ratios for tones with natural pitch intervals. The musical
notation of the notes is indicated by letters and the frequency
ratios of the natural tones based on the fundamental tone C
by vulgar fractions. The tones of the major scale are indicated '
by thick lines, and may be regarded as evolved by a threefold
application_of the major chord whose tones have a frequency
ratio of 4 : 5 : 6, i.e. a major third and a fifth. The figure shows
how with this ‘chord the tones of the scale are obtained. It
follows from the figure that this scale can be represented to
a close approximation by those tones on the tempered scale
which correspond to the white keys on the pianoforte.

The pitch intervals, which are shown by slightly thinner lines
and which may partly be approximately represented by the
black keys, have been arrived at by corresponding application
of the minor chord. This minor chord may be regarded as a
harmonic of the major chord; it is made up from the frequency
ratio (1/4 : 1/5 : 1/6). The tempered scale gives an additional
two tones between C and D and between F and G, to which
no simple pitch intervals of C correspond. It will ‘be seen,
however, that these are required for arriving at the natural
pitch intervals by taking one of the other tones of the scale
as roots.

fundamental tone denoted by “C” as the tone of
origin. If the same pitch intervals were furthermore
based on one of the tones obtained in this _way,
new tones would be continually produced some
of which are shown in the figure by thin lines; it is
thus seen that a finite number of scale divisions
does not suffice. Nevertheless it is found that the
most important pitch intervals can be obtained
to a very close approximation by subdividing the
octave into twelve equal parts, which are also
shown in fig. 1 and by which additional new tones
are ‘obtained between C and D and between G
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Fig. 2. Compass of musical instruments and voices. The frequency range of the fundamental
tone for various musical instruments and voices is shown by a continuous line. For a
number of tones (heavy dot) the corresponding harmonics have been included as small
dots or a broken line. For speech the characteristic overtones (socalled harmonics) have
been included in the figure. : :
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and 4. Such uniform subdivision, termed a scale
of just temperament, has the advantage over
scales based on natural pitch intervals that devia-
tions in the pitch intervals on a keyboard from the
natural intervals are always of the same magnitude,

irrespective of the fundamental tone taken as basis.’

Owing to the general application of the decimal
~ system, a decimal subdivision is favoured in phy-
sical work, and pitch intervals of centi-octaves and
milli-octaves are used; these are also shown in
Table I. ' '

The' octavo provides a method for ascribing
numerical values to differences in pitch. To be
able to deduce the absolute pitch from the frequen-
cy, the frequency of a specific tone must be fixed

as a basis. Various conventions have been adopted -

for this purpose. The standard of pitch of orchestral
instruments is based on “4” whose frequency
according to the socalled international scale is
435 cycles, while the socalled physical scale takes
430.5 cycles for this tone, for it is considered an
advantage that C® then has a frequency of 1024,
i.e. exactly 10 octaves above 1 cycle. In American
scientific literature a fundamental tone of 1000
cycles is employed in conjunction with decimal
subdivision of the octave.

Fig. 2 shows the compass of a number of common
musical instruments and brings out the importance

of the various frequency bands as well as the .

frequency of the tones in the 