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Abstract - Candidate retrofit light sources are typically
evaluated partly in terms of their luminous efficacies relative to
the sources they are to replace. This may involve comparing
photometric measurements collected under sources with
different spectral composition. Errors in such measurements
could occur if the photometer relative spectral responsivity does
not exactly match the spectral luminous efficiency of the human
eye. This note reports the extent of photometric errors observed
when comparing different compact fluorescent sources against
incandescent ones.

1. INTRODUCTION

Broadband photometry is the most widely used method of
photopic light measurement [1]). Central to the method is a
luminance or illuminance photometer consisting mainly of a
photodetector with relative spectral responsivity modified or
corrected to approximate that of the CIE Standard Photometric
Observer [2]. This spectral modification is typically achieved
by coloured glass placed anterior to the detector surface [1,3].
The spectral response of the CIE Standard Photometric
Observer is represented by the V(A) function, also called the
relative photopic luminosity function.

The V(A) function is shown in Fig. 1 together with the
spectral responsivity of a typical moderately priced illuminance
photometer as provided by its manufacturer. For accurate
measurements, the two curves should match [4]. With coloured
glass correction, they rarely do. This introduces the potential
for systematic errors which vary with the spectral composition
of the light source being measured. The poorer the match, the
greater the probability of the photometer responding differently
to different light sources of equal luminosity.

The type of photometer characterized in Fig.1 shows, for
example, a -17% error at 612 nm, the primary wavelength of
many compact fluorescent and other triphosphor lamps (Fig. 2).
The overall photometric error would not necessarily be as large,
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Fig. 1. Spectral match characteristic of the four Pphotometers tested.
Manufacturer's data.

however, due to the tendency of overestimates at some
wavelengths to cancel underestimates elsewhere in the
spectrum.

The CIE proposes two methods of error designation for
photometers [5,6]. The first, f1(Z), is a direct measure of the
error that would occur if a lamp Z of relative spectral
distribution SO.)Z were measured. It can serve as a correction
factor for subsequent measurements of distributions S(A),.

£1Z)=100[(s(Z)/s(A))-1] ¢))
where
s(Z) sensitivity (responsivity) of photometer when
illuminated with lamp Z;
s(A) sensitivity (responsivity) of photometer when

illuminated with lamp type A used in calibration.
Thé second error designation, f';, is independent of target

illuminant and does not allow positive departures fyom V(A to
cancel negative ones. It cannot be used as a correction factor.
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where
A wavelength of incident radiation, from O to o°;
V(A) relative photopic luminosity function;

S\ A relative spectral distribution of the illuminant used
in calibration of the photometer;
s(A)e; relative spectral responsivity of the photometer.
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Fig. 2. Relative spectral power distributions of compact fluorescent
(no. 1 to 12) and incandescent lamps (no. 13 & QI105).




Unfortunately, these agreed error designations are not
commonly used. More common is a statement like that given
by the manufacturer of the photometer characterized in
Figure 1: "spectral response falls within £2% of the CIE
photopic luminosity curve." This describes only the accuracy
of response to the source used in calibration; typically CIE
Iluminant A [1,7]. It says nothing of the instrument's spectral
responsivity and accuracy to other illuminants [4].
Consequently, additional calibration would be required before
the photometer could be used in evaluating the performance of
different compact fluorescent systems relative to other
illuminants [8].

This technical note describes the calibration procedures
developed for this purpose and reports the photometric errors
observed for four different units of the same model illuminance
photometer while measuring different compact fluorescent and
incandescent sources.

IL. MATERIALS AND PROCEDURES

A wide range of compact fluorescent sources were used [8,9].
Their rated colour temperatures ranged from 2700K to 2800K.
Three of the illuminants were enclosed within frosted glass or
plastic diffusers which modified lamp spectral power
distribution to some degree. These illumtinants, except lamp
12, were powered at 120 Vac. Lamp 12, with dc ballast, was
powered at 12 Vdc. The 13th illuminant was a tube shaped
incandescent lamp introduced for comparison. These lamps
were aged, base up, for at least 100 h and were stabilized for at
least 45 min at room temperature before being measured.
Figure 2 shows the spectral power distributions of these 13
illuminants.

A 14th illuminant, Lamp QI105, was a 200 W incandescent
luminous intensity standard obtained directly from the Institute
for National Measurement Standards, National Research
Council Canada. It approximated a CIE Illuminant A.

All measurements were taken in a black windowless room to
remove the effects of stray light. Ambient temperature
remained constant to within £ 1 °C. Air flow in the room was
negligible.

The calibration procedure began with a portable
spectroradiometer, a device capable of measuring absolute
spectral distributions of sources. From these distributions, the
instrument calculates the appropriate photometric quantity
(e.g., luminance). Since the calculation procedure [1] involves
the V(L) function, the instrument's response need not be
physically matched to V(A). Spectroradiometers used in this
manner are therefore not subject to errors caused by changes in
lamp spectral power distribution.

The spectroradiometer was modified by replacing its objective
lens with a cosine diffuser. This effectively transformed the
instrument from a spectroradiometric luminance meter to a
spectroradiometric jlluminance meter. The instrument was
mounted on a photometric bench and calibrated against Lamp
QI105 using conventional calibration procedures [e.g., 10] for
illuminance meters.

The standard lamp QI105 was then replaced by one of the 13
lamps, Z, in question. Illuminance E(Z,R) reported by the
spectroradiometer was noted. The spectroradiometer was
replaced by one of the four illuminance photometers, P; (Fig.
1). lluminance, E(Z,P;) was noted. Relative error, f(Z,P)), for
the measurement of lamp Z by photometer P; was determined
in a manner analogous to (1):

f(Z,P) =100 [ (E(Z,P)) /E(ZR))-1] )

This procedure was carried out at least once for each
combination of 13 lamps X 4 illuminance photometers.
Variability was assessed by repeating the procedure on the
following day for four of the lamps.

1. RESULTS

From Table I, measurement errors across the different
combinations of lamps and photometers ranged from
approximately -1% to -11%. The results were reproducible to
within approximately 1 or 2 percentage points as given by the
consistency in repeated measurements for Lamps 5,6,8 and 13.
Therefore, differences of less than 2 percentage points between
any two entries in Table I cannot be considered significant.

Most notably, there was considerable variation across the 12
different compact fluorescent sources. Although these lamps
radiated at approximately the same wavelengths (Figure 2), the
proportion of energy in each of the wavelengths differed
slightly. The differences were sufficient to cause photometric
errors varying by up to 9 percentage points across the different
lamps for any of the given photometers.

Errors across the 4 photometers for any given lamp varied by
approximately 3 percentage points. Greater variability could be
expected across different model units from different
manufacturers.

Interestingly, errors for the two incandescent sources (Lamps
13 and QI105) varied by 3 or 4 percentage points from each
other. Lamp 13 was a 130 W long life source operating at a
much lower colour temperature than Lamp QI105 (Figure 2).
As with the compact fluorescent lamps, the incandescent lamps
differed sufficiently in their spectral power distributions to
cause small but noticeable differences in photometric error.

TABLE
PERCENT ERROR f(Z,CP{.) OF PHOTOMETERS P; IN MEASURING

DIFFERENT COMPACT FLUORESCENT AND fNCANDESCENT
LAMPS
LampZ P Py Py Py
1 2.2 -3.4 4.5 -6.2
2 -5.9 -6.5 -8.8 -8.2
3 -7.8 9.5 -7.8 -6.2
4 -1.8 0.7 -3.3 2.7
PR &6 o ot
P o8 a7 &5
7 -1.9 -8.3 -10.0 9.7
& 50 33 o3 93
9 1.7 -8.0 -10.3 -10.0
10 -84 =17 -10.7 1.7
11 -6.1 =75 7.5 -6.8
12 7.7 -8.6 9.6 9.1
B+ 39 55 110 03
QI105 -5.3 -5.6 -8.0 -6.7
*Repeated measure




IV. DISCUSSION AND CONCLUSIONS

Photometric errors of -1 to -11% were observed in the
measurement of different compact fluorescent sources using
mid-priced broadband photometers. The errors were most
likely due to inexact matches in spectral responsivity of the
photometers to the V(A) function. In some cases, errors greatly
exceeded that which one might infer from manufacturer
specifications (i.e., "within £ 2% of CIE Photopic luminosity
curve”.) Photometer manufacturers should adopt the CIE
designations to more completely represent the errors applicable
to their instruments,

Where accurate photometric measurements are required, a
number of procedures are proposed: 1) calibrate each
photometer separately, as described above, for each illuminant
to be measured; or 2) use spectroradiometric photometry
instead of broadband photometry; or 3) use a broadband
photometer having superior spectral responsivity correction.
The latter might be achieved through the integration of such
technologies as diffraction gratings, photodiode arrays and
microprocessors [11].  Aliernatively, the error can be
eliminated by a calculation procedure [6] involving the relative
spectral responsivity of the photometer, the spectral power
distribution of the illuminant to be measured, and the spectral
power distribution of the source used to calibrate the
photometer.

Such higher accuracy procedures are undoubtedly practiced in
well equipped laboratories. The procedures are not always
feasible, however, to practitioners contending with more
economical photometers and a diversity of changing sources.
Under such conditions, a conventional photometer of the type
studied here cannot necessarily be used to accurately compare
the luminous output of different lamp types nor sometimes
even different models of the same lamp type. Where such
measurements are attempted, the implicit inaccuracies in the
methodology should be reported.
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