








The first phase of the experiment was completed using low CCT (approximately 2850 K) sources. For the second phase,
the regular MR lamps were replaced with 12-V 50-W "SoLux" MR lamps, which were dimmed to provide 50 lux at
approximately 4200 K. Figure 3 shows the spectral power distribution, and the loss of long wavelength power to achieve
the higher CCT is apparent. The 3-band source was adjusted to match this CCT, and the spectral power distribution is
shown in Figure 4. Data for these sources are also shown in Table 1, and for this higher color temperature the radiant
luminous efficacy for the 3-band source is 46%s higher than for the MR lamp. The main reason for this difference being less
than for the low color temperature case is that the radiant luminous efficacy of the MR lamp is higher. However, this is not
because this is a more efficient lamp, but is due to there being less radiant power emitted at the long wavelength end of the
visible spectrum, where the luminous efficiency is very low.

22 EXPERIMENTAL DESIGN

The experimental design called for a pair of identical "art gallery"” settings to be viewed sequentially; i.e., not simultaneously.
Two adjacent partitioned offices measuring 8 feet 6 inches by 6 feet 9 inches by 7 feet high were lined with white
"Foamcore", and three pairs of identical prints of artworks were presented in these simulated "art gallery" settings. Figure 5
shows one of the settings. The artworks selected were:

ESCHER: "Day and Night", by M.C. Escher (Figure 6). This woodcut is achromatic, comprising black on white
contrasts and providing a transition from mainly white to mainly black.

MONDRIAN: "Composition", by Piet Mondrian (Figure 7). This painting presents contrasting unique hues.
RENOIR: "Portrait of Mme. Durand-Ruel", by Pierre Auguste Renoir (Figure 8). This painting presents a broad range
of hues (red hat, green foliage, blue dress) as well as delicate flesh tones.

The comparison condition was lit by a MR lamp that was preset by the experimenter to an illuminance of 50 lux. The test
condition was lit alternately by a MR lamp identical to the one in the comparison condition, or by the 3-band source
adjusted to have CCT and chromaticity matched to the comparison source. The arrangement of the light sources in the test
room, including the sensors connected to the feedback device, is shown in Figure 9.

Each subject was taken to the comparison situation, where one of the artworks was on display at the preset illuminance.
They were instructed to suppose that this was an art gallery, and that they had come to see this picture. Then they were
taken to the test situation, where the identical artwork was on display, and they were told to adjust the control "to match
the appearance of this situation as closely as possible to the appearance of the previous situation". Subjects could return to
the comparison situation as often as they wished, but could not view the two situations simultaneously. When a setting had
been made, the experimenter recorded the control reading and asked the subject whether they could see any differences
between the two situations, using five categories of difference:

Brightness

Clarity

Acceptability of overall color appearance
Brightness or colorfulness of individual colors
Naturalness of individual colors

A seven-point scale of difference was used to describe the magnitude of the difference of appearance of the test situation
relative to the comparison situation: +3 Much more; +2 More; +1 Slightly more; 0 No difference; -1 Slightly less; -2 Less; -
3 much less.

For each phase of the experiment, subjects made six settings, one for each of the two light sources illuminating each of the
three artworks. The order of presentations was randomized for each subject. The light source CCT was approximately
2850K for the first phase, and subjects returned to repeat the procedure for the second phase, for which the CCT was
approximately 4200K. Light source data are given in Table 1.






33 DISCUSSION OF RESULTS

Subjects matched the illuminance in the test room to the illuminance in the comparison room, indicating that illuminance
effectively evaluates the overall sense of equality of illumination as it affects the appearances of the art gallery settings,
despite the very different spectral compositions of the two types of lighting. The fact that the 3-band source provides a
given illuminance with substantially lower irradiance on the illuminated object offers a significant benefit for conservation.

For the light sources used in the experiment, the irradiances in watts per square meter (W/mz) to provide 50 lux on the
artworks were:

MR lamp 3-band source
Low CCT (2850 K) 0.22 0.13
Intermediate CCT (4200 K) 0.20 0.14

It is conventional to assess the exposure of illuminated museum exhibits in terms of lux-hours per year (Ix h/y), so that an
object lit to 50 lux and exhibited for 3,000 hours per year is exposed to 150,000 Ix h/y (IESNA 1996). This measure does
not distinguish between the ditferent irradiances of light sources at the same illuminance. If the light source in this example
is a regular MR lamp, then changing to a 3-band source at the same illuminance would reduce the exposure by 41%, and
would be equivalent to only 89,000 Ix h/y of exposure to the regular MR lamp. Looked at another way, it would take 1.7
years of exposure to the low CCT 3-band source to subject the object to the same effective exposure as would occur in one
year with a regular MR lamp at the same illuminance. For the intermediate CCT sources, it would take 1.4 years.

The reported differences of appearance between the 3-band source and either of the MR sources were slight. Even so, if the
requirement is to produce a low radiant power light source that is indistinguishable from a MR lamp, some increase of long
wavelength visible radiation will be needed. This would have the effect of increasing the vividness of strong red surface
colors and making flesh tones appear warmer. :

There are two approaches to developing practical light sources that can gain the conservation advantage of the 3-band
source. A new type of filter could be developed that would convert the continuous spectrum of a regular MR lamp into a 3-
band spectrum. While this would achieve high radiant luminous efficacy (Im/Wy), the luminous efficacy of the lighting
system in terms of lumens per watt of electrical power input would be poor. It must be recognized that whenever a filter is
added to a lamp, it is necessary to increase the lamp wattage to maintain the illuminance. A more efficient approach would
be to develop a new lamp type specifically for museum applications in which a 3-band spectrum is generated by efficient
conversion of electrical power. While this latter approach offers the prospect of a superior solution, the development costs
are likely to be much higher.

It should not be presumed that the museum community will respond with enthusiasm to this initiative. There is a long
history of museum directors, particularly art museum directors, insisting that natural light is the only true light for the
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Table 3. Subjective assesment ratings for:

Artwork - Escher
CCT -2850K

Criterior Light Rating Average
Source i
3 2 1 0 | 2 3 | Raung
MR i i 1 12 3 i +0.12
Brightness _ _ -
3-B 2 10 3 1 +0.19
MR - I 2 10 3 B i -0.06
Clarity - R -
3B 2 4 6 4 -.025
Overall color MR i B 1 10 5 [ i +0.25
appearance i . -
3-B 1 8 5 2 +0.5
Indvidual MR - B - 14 2 B - +0.12
colors - n _ _
3-B 1 13 2 +0.06
. MR B B 2 12 1 i i 0
| Naruarlness i i
3-B 1 2 9 3 1 +0.06
Table 4. Subjective assesment ratings for:
Artwork - Mondrian
CCT 2850K
Criterior Light Rating Average
Source Rating
-3 -2 -1 0 +1 +2 +3
MR [ 1 4 10 1 T i -0.31
Bright
TIgniness 3B [ 1 3 8 4 T - -0.06
MR | - 2 14 | - i -0.12
Clari _ R
anlty 3-B 2 1 9 3 I 0
Overall color MR [ i I 14 [ 1 i +0.06
appearance i R
3-B 2 4 6 3 1 -0.19
Indvidual MR [ - 3 11 2 i i -0.06
1
colors 3-B 1 3 2 5 4 1T 031
MR [ - 1 14 1 " i 0
 Naruarlness 3B [ 2 4 9 1 - 044




Table 5: Subjective assesment ratings for:
Artwork - Renoir
CCT 2850K
Criterior Light Rating Average
Source i
3 2 1 0 1 2 3 Rating
MR i 1 11 3 | +0.31
Brightness -
3-B 6 8 2 +0.75
MR 2 3 I -0.44
Clarity _
3-B | | 7 6 | +0.25
Overall color MR i 2 10 3 I +0.19
appearance
3-B | 4 6 5 -0.06
Indvidual MR i 5 8 2 | -0.06
colors
3-B I 2 I 9 3 -0.31
MR i 3 Il | 0
Natuarlness
3-B 2 3 7 4 -0.19
Table 6. Subjective assesment ratings for:
Artwork - Escher
CCT -4200K
Criterior Light Rating Average
Source Rating
-3 -2 -1 0 +1 +2 +3
MR i 2 Il 2 I +0.13
Bright i
rignness 3-B 2 10 4 +0.13
MR i 3 I 2 -0.06
Clari
anity 3-B | 6 7 2 -038
Overall color MR i 2 14 -0.13
appearance 3-B 2 6 7 | -0.56
Indvidual MR i | 14 | 0
1
colors 3-8 | I I 3 0
MR 1 | 14 -0.19
Natuarlness 3.8 I 4 1l -0.38




Table 7. Subjective assesment rateings for:

Artwork - Mondrain
CCT - 4200K
Criterior Light Rating Average
Source Rating
-3 -2 -1 0 + +2 )
i i i 4 10 2 1 i 0
Brightness - - - - -
2 12 2 0
) i i i 13 3 i i +0.19
Clari N _ N i _

N I 13 2 +0.06
Overall color i i 1 2 11 I i -0.06
appearance _ _ i _

PP 3 5 5 3 -0.50
[ndvidual ] i 1 4 8 2 i i -0.25
colors - - - -

3 3 7 3 -0.38
i i i 2 14 [ i i -0.13
Natuarlness - - - -
[ 4 9 2 -0.25
Table 8. Subjective assement ratings for:
Artwork - Renoir
CCT -4200K
Criterior Light Rating Average
Source Rating
23 2 -1 0 +1 +2 +3
i i i i 10 6 i i +0.38
Brightn R R _ B
rightness 1 2 8 5 +0.06
i | i 2 9 3 2 +0.31
Clari R R B
anty 1 4 8 2 1 -0.13
Overall color i i ] 3 Il 2 i i -0.06
appearance R R 3 R q ) ) B 0
Indvidual [ i i 2 10 3 1 [ +0.19
:ol B B _
olors 2 I 6 4 3 +0.31
i i i i 13 3 i i +0.19
Natuarlness N N | 1 3 3 3 5 1038
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