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Calculations 
input of calculations and results



v Calculate the trichromatic coordinates x, y, z in the CIE XYZ for a color
sample with tristimulus values X, Y, Z.

X = 20 x = ? 
Y = 40 y = ?
Z = 10 z = ?

3

Calculations

EXAMPLE 1



X = 20 x = ? 
Y = 40 y = ?
Z = 10 z = ?
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Calculations

EXAMPLE 1

𝒙 =
𝐗

𝐗 + 𝐘 + 𝐙

𝒚 =
𝒀

𝐗 + 𝐘 + 𝐙

𝒛 =
𝒁

𝐗 + 𝐘 + 𝐙
𝒙 + 𝒚 + 𝒛 = 𝟏



X = 20 x = ? 
Y = 40 y = ?
Z = 10 z = ?
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Calculations

EXAMPLE 1

𝒙 =
𝐗

𝐗 + 𝐘 + 𝐙
=

𝟐𝟎
𝟐𝟎 + 𝟒𝟎 + 𝟏𝟎

=
𝟐𝟎
𝟕𝟎

= 𝟎, 𝟐𝟖𝟓𝟕

𝒚 =
𝒀

𝐗 + 𝐘 + 𝐙
=

𝟒𝟎
𝟐𝟎 + 𝟒𝟎 + 𝟏𝟎

=
𝟒𝟎
𝟕𝟎

= 𝟎, 𝟓𝟕𝟏𝟒

𝒛 =
𝒁

𝐗 + 𝐘 + 𝐙
=

𝟏𝟎
𝟐𝟎 + 𝟒𝟎 + 𝟏𝟎

=
𝟏𝟎
𝟕𝟎

= 𝟎, 𝟏𝟒𝟐𝟗

𝒙 + 𝒚 + 𝒛 = 𝟎, 𝟐𝟖𝟓𝟕 + 𝟎, 𝟓𝟕𝟏𝟒 + 𝟎, 𝟏𝟒𝟐𝟗 = 𝟏
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Calculations

EXAMPLE 1

𝐱 = 𝟎, 𝟐𝟖𝟓𝟕
𝒚 = 𝟎, 𝟓𝟕𝟏𝟒



v Calculate the rectangular coordinates L*u*v* in the CIELUV color space for
the sample with the tristimulus values X,Y,Z.

X = 25 X₀ = 94,81 L* = ?
Y = 30 Y₀ = 100 u* = ?
Z = 18 Z₀ = 107,32 v* = ?
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Calculations

EXAMPLE 2



X = 25 X₀ = 94,81 L* = ?
Y = 30 Y₀ = 100 u* = ?
Z = 18 Z₀ = 107,32 v* = ?
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Calculations

EXAMPLE 2

𝒖! = 𝟒𝐗
𝐗$𝟏𝟓𝐘$𝟑𝐙

𝒗! = 𝟗𝐘
𝐗$𝟏𝟓𝐘$𝟑𝐙

𝒖𝟎 =
𝟒𝐗𝟎

𝐗𝟎$𝟏𝟓𝐘𝟎$𝟑𝐙𝟎

𝒗𝟎 =
𝟗𝐘𝟎

𝐗𝟎$𝟏𝟓𝐘𝟎$𝟑𝐙𝟎



X = 25 X₀ = 94,81 L* = ?
Y = 30 Y₀ = 100 u* = ?
Z = 18 Z₀ = 107,32 v* = ?
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Calculations

EXAMPLE 2

𝒖! =
𝟒𝐗

𝐗 + 𝟏𝟓𝐘 + 𝟑𝐙 =
4 - 25

25 + 15 - 30 + 3 - 18 =
100
529 = 𝟎, 𝟏𝟖𝟗𝟎

𝒗! =
𝟗𝐘

𝐗 + 𝟏𝟓𝐘 + 𝟑𝐙 =
9 - 30

25 + 15 - 30 + 3 - 18 =
270
529 = 𝟎, 𝟓𝟏𝟎𝟒

𝒖𝟎 =
𝟒𝐗𝟎

𝐗𝟎 + 𝟏𝟓𝐘𝟎 + 𝟑𝐙𝟎
=

4 - 94,81
94,81 + 15 - 100 + 3 - 107,32 =

379,24
1916,77 = 𝟎, 𝟏𝟗𝟕𝟗

𝒗𝟎 =
𝟗𝐘𝟎

𝐗𝟎 + 𝟏𝟓𝐘𝟎 + 𝟑𝐙𝟎
=

9 - 100
94,81 + 15 - 100 + 3 - 107,32 =

900
1916,77 = 𝟎, 𝟒𝟔𝟗𝟓



X = 25 X₀ = 94,81 L* = ?
Y = 30 Y₀ = 100 u* = ?
Z = 18 Z₀ = 107,32 v* = ?
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Calculations

EXAMPLE 2

𝑳∗ = 𝟏𝟏𝟔𝟑 𝒀
𝒀𝟎
− 𝟏𝟔

𝒖∗ = 𝟏𝟑𝑳∗ 𝒖! − 𝒖𝟎
𝒗∗ = 𝟏𝟑𝑳∗ 𝒗! − 𝒗𝟎



X = 25 X₀ = 94,81 L* = ?
Y = 30 Y₀ = 100 u* = ?
Z = 18 Z₀ = 107,32 v* = ?
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Calculations

EXAMPLE 2

𝑳∗ = 𝟏𝟏𝟔
𝟑 𝒀
𝒀𝟎

− 𝟏𝟔 = 116 =
# 30
100

− 16 = 𝟔𝟏, 𝟔𝟓𝟒𝟐

𝒖∗ = 𝟏𝟑𝑳∗ 𝒖! − 𝒖𝟎 = 13 = 61,6542 = 0,1890 − 0,1979 = −𝟕, 𝟎𝟔𝟕𝟓
𝒗∗ = 𝟏𝟑𝑳∗ 𝒗! − 𝒗𝟎 = 13 = 61,6542 = 0,5104 − 0,4695 = 𝟑𝟐, 𝟕𝟒𝟕𝟏



v Calculate the rectangular coordinates L*a*b* in the CIELAB color space for
the sample with the tristimulus values X,Y,Z.

X = 34 X₀ = 94,81 L* = ?
Y = 50 Y₀ = 100 a* = ?
Z = 30 Z₀ = 107,32 b* = ?
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Calculations

EXAMPLE 3



13

Calculations

EXAMPLE 3

𝒀
𝒀𝟎

> 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝒀∗ =
𝒀
𝒀𝟎

𝟏/𝟑

𝒀
𝒀𝟎
≤ 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝒀∗ = 𝟕, 𝟕𝟖𝟕 𝒀

𝒀𝟎
+ 𝟎, 𝟏𝟑𝟖

Tree-power transformation

Linear transformation
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Calculations

EXAMPLE 3

Tree-power
transformation

𝑿
𝑿𝟎

> 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝑿∗ = 𝑿
𝑿𝟎

𝟏/𝟑

𝒀
𝒀𝟎

> 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝒀∗ =
𝒀
𝒀𝟎

𝟏/𝟑

𝒁
𝒁𝟎

> 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝒁∗ = 𝒁
𝒁𝟎

𝟏/𝟑

Linear transformation

𝑿
𝑿𝟎
≤ 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝑿∗ = 𝟕, 𝟕𝟖𝟕 𝑿

𝑿𝟎
+ 𝟎, 𝟏𝟑𝟖

𝒀
𝒀𝟎
≤ 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝒀∗ = 𝟕, 𝟕𝟖𝟕 𝒀

𝒀𝟎
+ 𝟎, 𝟏𝟑𝟖

𝒁
𝒁𝟎
≤ 𝟎, 𝟎𝟎𝟖𝟖𝟓𝟔 𝒁∗ = 𝟕, 𝟕𝟖𝟕 𝒁

𝒁𝟎
+ 𝟎, 𝟏𝟑𝟖
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Calculations

EXAMPLE 3

𝑳∗ = 𝟏𝟏𝟔𝟑 𝒀
𝒀𝟎
− 𝟏𝟔

𝒂∗ = 𝟓𝟎𝟎 = 𝑿∗ − 𝒀∗

𝒃∗ = 𝟐𝟎𝟎 = 𝒀∗ − 𝒁∗
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Calculations

EXAMPLE 3

𝑳∗ = 𝟏𝟏𝟔 =
𝟑 𝒀
𝒀𝟎

− 𝟏𝟔 = 116 =
# 50
100

− 16 = 𝟕𝟔, 𝟎𝟔𝟗𝟑

𝒂∗ = 𝟓𝟎𝟎 = 𝑿∗ − 𝒀∗ = 500 = 0,7105 − 0,7939 = −𝟒𝟏, 𝟔𝟏𝟖𝟕

𝒃∗ = 𝟐𝟎𝟎 = 𝒀∗ − 𝒁∗ = 200 = 0,7939 − 0, 6539 = 𝟐𝟕, 𝟗𝟔𝟗𝟓



v Calculate the color difference ∆𝐄∗between sample (batch) and standard
using coordinates L*a*b* from CIELAB color space.

v Calculate the difference in lightness ∆L∗, in choma ∆𝑪∗ and in hue ∆𝑯∗ in
cylindrical space CIELCH color space and all differences express
verbally.
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Calculations

EXAMPLE 4

𝑳𝒔𝒕∗ = 𝟑𝟔, 𝟒𝟑 𝑳𝒃∗ = 𝟑𝟗, 𝟖𝟎 ∆𝑳∗ = ?
𝒂𝒔𝒕∗ = 𝟒𝟖, 𝟔𝟓 𝒂𝒃∗ = 𝟒𝟖, 𝟔𝟒 ∆𝑪∗ = ?
𝒃𝒔𝒕∗ = 𝟐𝟒, 𝟔𝟐 𝒃𝒃∗ = 𝟐𝟐, 𝟐𝟏 ∆𝑯∗ = ?

∆𝑬∗ = ?
∆a*=	?	
∆b*=	?	
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Calculations

EXAMPLE 4
𝑳𝒔𝒕∗ = 𝟑𝟔, 𝟒𝟑 𝑳𝒃∗ = 𝟑𝟗, 𝟖𝟎
𝒂𝒔𝒕∗ = 𝟒𝟖, 𝟔𝟓 𝒂𝒃∗ = 𝟒𝟖, 𝟔𝟒
𝒃𝒔𝒕∗ = 𝟐𝟒, 𝟔𝟐 𝒃𝒃∗ = 𝟐𝟐, 𝟐𝟏

∆𝑬∗ = ∆𝑳∗ 𝟐 + ∆𝒂∗ 𝟐+ ∆𝒃∗ 𝟐

∆𝒂∗ = 𝒂𝒃𝒂𝒕𝒄𝒉∗ − 𝒂𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗

∆𝑳∗ = 𝑳𝒃𝒂𝒕𝒄𝒉∗ − 𝑳𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗

∆𝒃∗ = 𝒃𝒃𝒂𝒕𝒄𝒉∗ − 𝒃𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗
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Calculations

EXAMPLE 4
𝑳𝒔𝒕∗ = 𝟑𝟔, 𝟒𝟑 𝑳𝒗𝒛∗ = 𝟑𝟗, 𝟖𝟎
𝒂𝒔𝒕∗ = 𝟒𝟖, 𝟔𝟓 𝒂𝒗𝒛∗ = 𝟒𝟖, 𝟔𝟒
𝒃𝒔𝒕∗ = 𝟐𝟒, 𝟔𝟐 𝒃𝒗𝒛∗ = 𝟐𝟐, 𝟐𝟏

∆𝑬∗ = ∆𝑳∗ 𝟐 + ∆𝒂∗ 𝟐+ ∆𝒃∗ 𝟐 = 3,37 B + −0,01 B+ −2,41 B

= 17,1651 = 𝟒, 𝟏𝟒𝟑𝟏

∆𝒂∗ = 𝒂𝒃𝒂𝒕𝒄𝒉∗ − 𝒂𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ = 48,64 − 48,65 = −𝟎, 𝟎𝟏

∆𝑳∗ = 𝑳𝒃𝒂𝒕𝒄𝒉∗ − 𝑳𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ = 39,80 − 36,43 = 𝟑, 𝟑𝟕

∆𝒃∗ = 𝒃𝒃𝒂𝒕𝒄𝒉∗ − 𝒃𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ = 22,21 − 24,62 = −𝟐, 𝟒𝟏
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Calculations

EXAMPLE 4
𝑳𝒔𝒕∗ = 𝟑𝟔, 𝟒𝟑 𝑳𝒃∗ = 𝟑𝟗, 𝟖𝟎
𝒂𝒔𝒕∗ = 𝟒𝟖, 𝟔𝟓 𝒂𝒃∗ = 𝟒𝟖, 𝟔𝟒
𝒃𝒔𝒕∗ = 𝟐𝟒, 𝟔𝟐 𝒃𝒃∗ = 𝟐𝟐, 𝟐𝟏

𝑪∗ = 𝒂∗ 𝟐+ 𝒃∗ 𝟐

∆𝑪∗ = 𝑪𝒃𝒂𝒕𝒄𝒉∗ − 𝑪𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ = 53,4709 – 54,5249 = – 1,0541  

𝑪𝒃𝒂𝒕𝒄𝒉∗ = 𝒂𝒃𝒂𝒕𝒄𝒉∗ 𝟐+ 𝒃𝒃𝒂𝒕𝒄𝒉∗ 𝟐 = 48,64 B+ 22,21 B = 𝟓𝟑, 𝟒𝟕𝟎𝟗

𝑪𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ = 𝒂𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ 𝟐+ 𝒃𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅∗ 𝟐 = 48,65 B+ 24,62 B = 𝟓𝟒, 𝟓𝟐𝟒𝟗



21

Calculations

ℎNO = 𝑎𝑟𝑐𝑡𝑎𝑛
𝑏∗

𝑎∗

ℎNO,O = 𝑎𝑟𝑐𝑡𝑎𝑛 PP,PQ
RS,TR = 0,4283

ℎNO,UV = 𝑎𝑟𝑐𝑡𝑎𝑛 PR,TP
RS,TW = 0,4685

EXAMPLE 4

∆𝒉𝒂𝒃 = 𝒉𝒂𝒃,𝒃 − 𝒉𝒂𝒃,𝒔𝒕 = 0,4283− 0,4685 = –𝟎, 𝟎𝟒𝟎𝟏
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Calculations

EXAMPLE 4

Angle a* b* add
0 – 90 ° + + nic

90 – 180 ° – + 𝝅
180 – 270 ° – – 𝝅
270 - 360 ° + – 2𝝅

+ +– +

– – + –
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Calculations

EXAMPLE 4

∆𝑯∗ = 𝟐 3 𝑪𝒃∗𝑪𝒔𝒕∗ 𝒔𝒊𝒏
∆𝒉𝒂𝒃
𝟐

∆𝐻∗ = 2 3 53,4709 3 54,5249 𝑠𝑖𝑛
– 0,0401

2 = –𝟐, 𝟏𝟔𝟕𝟑

∆𝑯∗ = ∆𝑬 𝟐– ∆𝑪∗ 𝟐– ∆𝑳∗ 𝟐

= 4,1431 B + −1,0541 B+ 3,37B = 4,6972 = 2,1673
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Calculations

ℎNO,O = 𝑎𝑟𝑐𝑡𝑎𝑛 PP,PQ
RS,TR = 0,4283 3 QSZ[ = 𝟐𝟒, 𝟓𝟒𝟐𝟒

ℎNO,UV = 𝑎𝑟𝑐𝑡𝑎𝑛 PR,TP
RS,TW

= 0,4685 3 QSZ
[
= 𝟐𝟔, 𝟖𝟒𝟐𝟑

EXAMPLE 4

∆𝒉𝒂𝒃 = 𝒉𝒂𝒃,𝒃 − 𝒉𝒂𝒃,𝒔𝒕 = –𝟐, 𝟐𝟗𝟗𝟗
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Calculations

verbal expression of differences
+ ∆𝒂∗ redder
– ∆𝒂∗ greener
+ ∆𝒃∗ yellowish
– ∆𝒃∗ bluer
+ ∆𝑳∗ lighter
– ∆𝑳∗ darker
+ ∆𝑪∗ more chromatic, cleaner
– ∆𝑪∗ less chromatic

+ ∆𝑯∗ change in counterclockwise direction

– ∆𝑯∗ change in clockwise direction

EXAMPLE 4
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Calculations

EXAMPLE 4

standard
sample (batch)
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Calculations

example

∆𝐻∗ = +0,5à to green

∆𝐻∗ = −0,5à 𝐭𝐨 𝐲𝐞𝐥𝐥𝐨𝐰
∆𝐻∗ = +0,5à to red

∆𝐻∗ = −0,5à 𝐭𝐨 𝐛𝐥𝐮𝐞



v Calculate the CIE whiteness WCIE a CIE tint TCIE (tint) for sample with
tristimulus values.

28

Calculations

EXAMPLE 5

X = 90 X₀= 94,81 x=?
Y = 94 Y₀= 100 y=?
Z = 105 Z₀= 107,32 WCIE=?

TCIE=?
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Calculations

EXAMPLE 5

𝒙 =
𝐗

𝐗 + 𝐘 + 𝐙

𝒚 =
𝒀

𝐗 + 𝐘 + 𝐙

𝑾𝑪𝑰𝑬 = 𝒀 + 𝟖𝟎𝟎 3 𝒙𝟎 − 𝒙 + 𝟏𝟕𝟎𝟎 3 𝒚𝟎 − 𝒚

𝑻𝑪𝑰𝑬 = 𝟗𝟎𝟎 3 𝒙𝟎 − 𝒙 − 𝟔𝟓𝟎 3 𝒚𝟎 − 𝒚
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Calculations

EXAMPLE 5

𝒙 =
𝐗

𝐗 + 𝐘 + 𝐙
=

90
90 + 94 + 105

= 𝟎, 𝟑𝟏𝟏𝟒

𝒚 =
𝒀

𝐗 + 𝐘 + 𝐙
=

94
90 + 94 + 105

= 𝟎, 𝟑𝟐𝟓𝟑

𝒙𝟎 =
𝐗𝟎

𝐗𝟎 + 𝐘𝟎 + 𝐙𝟎
=

94,81
94,81 + 100 + 107,32

= 𝟎, 𝟑𝟏𝟑𝟖

𝒚𝟎 =
𝐗𝟎

𝐗𝟎 + 𝐘𝟎 + 𝐙𝟎
=

100
94,81 + 100 + 107,32

= 𝟎, 𝟑𝟑𝟏𝟎
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Calculations

EXAMPLE 5

𝑾𝑪𝑰𝑬 = 𝒀 + 𝟖𝟎𝟎 3 𝒙𝟎 − 𝒙 + 𝟏𝟕𝟎𝟎 3 𝒚𝟎 − 𝒚
= 94 + 800 3 0,3138 − 0,3114 + 1700 3 0,3310 − 0,3253
= 𝟏𝟎𝟓, 𝟔𝟑𝟗𝟖

𝑻𝑪𝑰𝑬 = 𝟗𝟎𝟎 3 𝒙𝟎 − 𝒙 − 𝟔𝟓𝟎 3 𝒚𝟎 − 𝒚
= 900 3 0,3138 − 0,3114 − 650 3 0,3310 − 0,3253
=–𝟏, 𝟓𝟕𝟐𝟓
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Calculations

EXAMPLE 5

𝑻𝑪𝑰𝑬 =–𝟏, 𝟓𝟕𝟐𝟓

+
–



v Calculate the difference between the values of the Kubelka–Munk
function for the standard and sample (batch).
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Calculations

EXAMPLE 6

𝑹𝒔𝒕 = 𝟔𝟎% 𝑲 / 𝑺𝒔𝒕=?

𝑹𝒃 = 𝟒𝟎% 𝑲 / 𝑺𝒃=?

DK / S = ?
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Calculations

EXAMPLE 6
𝑲
𝑺]^

= 𝟏_𝜷𝐬𝐭 𝟐

𝟐𝜷𝐬𝐭
𝑲
𝑺a
= 𝟏_𝜷𝒃 𝟐

𝟐𝜷𝒃

∆
𝑲
𝑺
=
𝑲
𝑺O

−
𝑲
𝑺UV
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Calculations

EXAMPLE 6

𝑲
𝑺UV

=
𝟏 − 𝜷𝐬𝐭 𝟐

𝟐 3 𝜷𝐬𝐭
=

1 − 0,6 P

2 3 0,6
= 𝟎, 𝟏𝟑𝟑𝟑

𝑲
𝑺O

=
𝟏 − 𝜷𝒃 𝟐

𝟐 3 𝜷𝒃
=

1 − 0,4 P

2 3 0,4
= 𝟎, 𝟒𝟓𝟎𝟎

∆
𝑲
𝑺
=
𝑲
𝑺O

−
𝑲
𝑺UV

= 0,45 – 0,1333 = 𝟎, 𝟑𝟏𝟔𝟕



v Calculate the excitation (coordinate) purity pE for hue with the
coordinates given in the table together with the white point of CIE D65
(W) and the corresponding purest color of this hue (F1).
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Calculations

EXAMPLE 7

Sample VZ 𝑥 = 0,4523 𝑦 = 0,4567
Pure color F1 𝑥GH = 0,5 yGH = 0,5

White point W 𝑥I = 0,3138 yI = 0,3310
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Calculations

EXAMPLE 7

𝒑𝑬𝒚 =
𝒚 − 𝒚𝟎
𝒚𝑭𝟏 − 𝒚𝟎

=
𝒂
𝒃

𝒑𝑬𝒙 =
𝒙 − 𝒙𝟎
𝒙𝑭𝟏 − 𝒙𝟎

=
𝒂
𝒃

𝒑𝑬𝒙 = 𝒑𝑬𝒚
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Calculations

EXAMPLE 7

𝒑𝑬𝒚 =
𝒚 − 𝒚𝟎
𝒚𝑭𝟏 − 𝒚𝟎

=
0,4567 − 0,3310
0,5 − 0,3310

= 𝟎, 𝟕𝟒𝟑𝟖

𝒑𝑬𝒙 =
𝒙 − 𝒙𝟎
𝒙𝑭𝟏 − 𝒙𝟎

=
0,4523 − 0,3138
0,5 − 0,3138

= 𝟎, 𝟕𝟒𝟑𝟖



v Calculate the maximum wavelength λmax (nm) of the maximum spectral
density of the emission from an absolute blackbody at 7500 °C from
Wien’s displacement law. The value of Wien’s displacement constant is
𝒃=0,002896 mK.
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Calculations

EXAMPLE 8

𝝀𝒎𝒂𝒙 =
𝒃
𝑻
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Calculations

EXAMPLE 8

𝝀𝒎𝒂𝒙 =
𝒃
𝑻
=
0,002896
7773,15

= 3,7256 3 10–d𝑚

𝟕𝟓𝟎𝟎 °𝑪� 𝟕𝟓𝟎𝟎 + 𝟐𝟕𝟑, 𝟏𝟓 = 𝟕𝟕𝟕𝟑, 𝟏𝟓 𝑲
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Calculations

EXAMPLE 8

𝝀𝒎𝒂𝒙 =
𝒃
𝑻
=
0,002896
7773,15

= 3,7256 3 10–d𝑚

𝟕𝟓𝟎𝟎 °𝑪� 𝟕𝟓𝟎𝟎 + 𝟐𝟕𝟑, 𝟏𝟓 = 𝟕𝟕𝟕𝟑, 𝟏𝟓 𝑲

𝝀𝒎𝒂𝒙 = 3,7256 3 10–d𝑚à 3,7256 3 10–d 3 10ef = 372,56 𝑛𝑚

𝝀𝒎𝒂𝒙 = 𝟑𝟕𝟑 𝒏𝒎
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