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Go back to the definition using a source 

(like a platinum blackbody) 
instead of the spectral responsivity of the human eye
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The candela is the luminous intensity, in the perpendicular direction, 
of a surface of 1 / 600 000 square metre 

of a black body at the temperature of freezing platinum 
under a pressure of 101 325 newtons per square metre

Definition of 1967:

Definition of 1948:
The value of the candela (new candle) is such that the brightness of the full 

radiator at the temperature of solidification of platinum is 
60 candelas per square centimetre
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Platinum blackbody
In 1881 Violle proposed as a light standard a surface  of platinum at its freezing point

In 1908 Waidner and Burgess suggested as a standard of light a blackbody, immersed
in a bath of freezing platinum

In 1931 Wensel et al  realized the suggestion of Waidner and Burgess – developed a 
platinum fixed-point blackbody where the cavity was immersed in freezing platinum

In 1931 the Wensel’s platinum blackbody was adopted as a photometric primary 
standard by the CCE
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Platinum blackbody. Original paper 
C. W. Waidner and G.K. Burgess.  1908

“…the authors would suggest that experiments be carried 
out on the black-body platinum standard…”

“The unit of light, based on this standard, might be defined 
as the intensity of the light emitted by 1 sq. cm of a black-
body at the temperature of solidification of platinum”.
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Platinum blackbody. Original paper 
H. T. Wensel, Wm. F. Roeser, L. E. Barbrow, and F. R. Caldwell.  1931
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Platinum blackbody. Original paper 
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Platinum blackbody. Design

Platinum purity …….…... 99.998
Crucible material …….… Thorium oxide (fused)
Heat insulation …………. Thorium oxide (powder)
Crucible length ………..... 45 mm
Crucible outer diameter … 17 – 22  mm
Cavity diameter …………. 2.5 mm
Opening diameter ……….. 1.5 mm
Temperature ……………... 2041.3 K (ITS-90)
Brightness ……………….. 60 cd cm-2
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Platinum blackbody. Induction furnace
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Platinum blackbody. Realization of Candela

Cavity diameter ……. 2.5 mm
Opening diameter ….. 1.5 mm
Brightness ………….. 60 cd cm-2

l1 - distance A – aperture 
area 𝐸𝐸v,BB =

𝐵𝐵v,BB � 𝐴𝐴 � 𝜏𝜏
𝑙𝑙1
2

𝐼𝐼v,lamp = 𝐸𝐸v,BB � 𝑙𝑙2
2

l2 - distance

𝐵𝐵v,BB - brightness of the blackbody
 𝜏𝜏 - transmittance of the prism and lens
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Platinum blackbody

- Chemically stable (platinum did not react with thorium oxide)
- Highly reproducible. 0.1 % - Wensel’s estimation

Advantages:

Disadvantages :
- Temperature (2042 K) was too low for photometry;
- Blackbody opening (1.5 mm) was too small. Luminous intensity could 

not be realised by the blackbody itself. 
- Emissivity of thorium oxide is too low;
- The crucible material, thorium oxide, is breakable
- Thorium oxide is radioactive!
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High-temperature fixed points (HTFPs)
Mise en pratique – kelvin 

Re-C (2748 K)
δ(MoC)-C (2856 K)
WC-C (3021 K)

annex “Relative primary radiometric thermometry”
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Molybdenum-carbon fixed points blackbody

Temperature ……………... 2856.67 K , uc = 0.23 K
Cavity opening ………….…. 14 mm
Crucible material ……..….… graphite
Emissivity ………………..… 0.9997
External aperture ………..….. 5 mm
Luminous intensity ………..... 389 cd
Uncertainty of 
candela realization …………. 0.20 % (k=2)
Reproducibility (repeatability) … < 0.01 %
Long-term stability ……….. 0.02 %
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Molybdenum-carbon fixed points blackbody

 External 
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New Old Definition of the Candela
Now we could go back to the 1967 definition, but replace the platinum blackbody 
with the molybdenum-carbon blackbody:

“The candela is the luminous intensity, in the perpendicular direction, of a surface of 
5.0432·10-8 square metre of a black body at the temperature of the molybdenum-
carbon fixed point under a pressure of 101 325 newtons per square metre”

or

“The candela is defined by taking the fixed numerical value of the brightness of a 
molybdenum-carbon fixed point black body to be 1.983·107 candelas per square metre 
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“The candela is the luminous intensity, in the perpendicular 
direction, of a surface of 5.0432·10-8 square metre of a black body 
at the temperature of the molybdenum-carbon fixed point under 

a pressure of 101 325 newtons per square metre”

“The candela is defined by taking the fixed numerical value of 
the brightness of a molybdenum-carbon fixed point black body 

to be 1.983·107 candelas per square metre 
or

New Old Definition of the Candela

Benefits of this definition

The Candela can be realised using the definition only!
(the present definition, 2019, does not allowed this)
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“The candela is the luminous intensity, in the perpendicular 
direction, of a surface of 5.0432·10-8 square metre of a black body 
at the temperature of the molybdenum-carbon fixed point under 

a pressure of 101 325 newtons per square metre”

or

New Old Definition of the Candela

Problems
Taking this definition, we fix the exact value of the 

Brightness (Temperature) of the fixed point.

This is a conflict with the kelvin definition in SI

Therefore, we cannot fix the temperature or brightness

“The candela is defined by taking the fixed numerical value of 
the brightness of a molybdenum-carbon fixed point black body 

to be 1.983·107 candelas per square metre 
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New Old Definition of the Candela
What can we do with the Problem? Avoid Fixed points in the definition? 

“The candela is the luminous intensity, in the perpendicular direction, of a surface of 
5.0432·10-8 5.0454·10-8 square metre of a black body at the temperature of the molybdenum-

carbon fixed point 2856 K under a pressure of 101 325 newtons per square metre”

In practice, the blackbody temperature T≠2856 K. In this case we will 
calculate luminous intensity as  

𝐼𝐼v = 𝐴𝐴 � 𝐾𝐾cd �
2ℎ𝑐𝑐2

𝑛𝑛2𝜆𝜆5
𝑉𝑉 𝜆𝜆

exp ℎ𝑐𝑐
𝑛𝑛𝜆𝜆𝑛𝑛𝑛𝑛 − 1

d𝜆𝜆
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Blackbody-based Definition of the Candela
Why not include V(λ) in the definition? 

where n is the refractive index of air, 𝑉𝑉x 𝜆𝜆 – is one of the CIE spectral luminous efficiency
function, 𝜆𝜆𝑎𝑎 = 555,017 nm and Kcd is luminous efficacy of monochromatic radiation of
frequency 540 × 1012 Hz, equals to 683 when expressed in the unit lm W–1, which is equal to
cd sr W–1, or cd sr kg–1 m–2 s3, where the kilogram, metre and second are defined in terms of
h, c and ∆νCs”.

1 cd =
𝐴𝐴 � 𝐾𝐾cd
𝑉𝑉x 𝜆𝜆𝑎𝑎

�
2ℎ𝑐𝑐2

𝑛𝑛2𝜆𝜆5
𝑉𝑉x 𝜆𝜆

exp ℎ𝑐𝑐
𝑛𝑛𝜆𝜆𝑛𝑛𝑛𝑛 − 1

d𝜆𝜆

“The candela is the luminous intensity, in the perpendicular direction, of a black body at the 
temperature of T and of the area A, where T and A are related by the equation
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Thank you for your attention
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Source-based Definition of the Candela
Why not include V(λ) in the definition? 

where 𝑉𝑉x 𝜆𝜆 – is one of the CIE spectral luminous efficiency function, 𝜆𝜆𝑎𝑎 = 555,017 nm and
Kcd is luminous efficacy of monochromatic radiation of frequency 540 × 1012 Hz, equals to
683 when expressed in the unit lm W–1, which is equal to cd sr W–1, or cd sr kg–1 m–2 s3,
where the kilogram, metre and second are defined in terms of h, c and ∆νCs”.

𝐼𝐼v,x =
𝐾𝐾cd
𝑉𝑉x 𝜆𝜆𝑎𝑎

�𝐼𝐼e,λ 𝜆𝜆 𝑉𝑉x 𝜆𝜆 d𝜆𝜆

“The candela, symbol cd, is the SI unit of luminous intensity of a light source in a the given
direction. It is defined by taking the luminous intensity of the source to be equal
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