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The problem

Clothes can look darker or change color
when they get wet. Investigate the 
phenomenon. 
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What it means «cloth looks darker»?

In physical terms it means that 
cloth scatters back a smaller 

part of falling light.
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Luminance factor

• Luminance factor is the ratio of the luminance 
of a body to that of a perfect diffuser.

Standard perfect
diffuser

MgO ceruse

Our perfect
diffuser

white coated paper
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Experimental setup

White light 
electric torch Sample

Light sensor
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Dry and wet cloth

Luminance 0.18 Luminance 0.09

Darkening factor 0.50
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Measurement results

Material Luminance
of dry material

Luminance
of wet material

Darkening
factor

Light blue cloth 0.57 0.44 0.77

Light pink cloth 0.29 0.22 0.76

Sand 0.24 0.12 0.50

Dark blue cloth 0.18 0.09 0.50

Black cloth 0.052 0.048 0.92



Outline of the report

Multiple diffuse scatteringMultiple diffuse scattering

Quantitative theoryQuantitative theory

ExperimentExperiment

Wet Wet ssmoothing of rough surfacemoothing of rough surface

Color changeColor change
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11stst effecteffect::
wet wet ssmoothing moothing 

of rough surfaceof rough surface
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Dry and wet sand 10



Rough plate 11



Rough plate (video) 12



Algodoo simulation

Dry plate: n = 1,5
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Algodoo simulation

Wet plate: water n = 1,33
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Cloth is not similar to glass plate

1 mm 0.1 mm
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22ndnd effecteffect::
multiple diffusemultiple diffuse

scatteringscattering
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Laser and rice grains (video) 17



Multiple scattering 18



Effect of wetting on singular scattering 19
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Effect of wetting on multiple scattering
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Multiple scattering and absorption
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LiquidFiber
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Theoretical prediction
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The higher refractive index 
of wetting liquid the darker is 

the cloth.
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ExperimentExperiment

23



Refractive indices

Water 1.33

Silicon oil 1.40

Sunflower oil 1.47

Benzyl alcohol 1.54

24



Cloth samples

White Water Sunflower oil

Dry Silicon oil Benzyl alcohol
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Experimental setup

Different
samples
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Luminance factor vs. refractive index
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Comparison with the theory
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Fiber & air bubble scattering

Fiber Air
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Colour changeColour change

«Clothes can look darker or change color
when they get wet…»
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What it means «cloth changes color»?

In physical terms it means that
there are changes in a relative 

distribution of energy in light spectrum. 
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Dry and wet sand 32



Explanation

λ

«red» grains

«white» grains
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Spectrophotometer 34



Dark-green cloth
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 ,  n m

dry

wet
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Blue cloth

3 5 0 4 0 0 4 5 0 5 0 0 5 5 0 6 0 0 6 5 0 7 0 0 7 5 0

dry

wet
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SummarySummary
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Summary 38
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