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Abstract

One phrase, colour mixing, names two different operations. Mixing light adds; stacking paints or filters

multiplies.The error from confusing them is counted, and the coordinate in which multiplication becomes addition is

shown.No new theorem or law is claimed. First, stacked filters multiply——two sheets of transmittance  give

, three give , four give  (Section 2). Second, and this is the core. The error from

treating it as addition widens with the count——  at two sheets and  at four (Section 2). Third,

with unequal sheets the product falls below even the smaller one——  with  gives , under the

average  and under  itself (Section 2). Fourth, in optical density the multiplication becomes an addition

——rising by exactly  per sheet, so subtractive mixing is not nonlinear but linear in another coordinate

(Section 3). Fifth, that  is its third appearance in this corpus——the digits gained per bisection step in

Paper 288 and the frequency of a leading  in Paper 612, all three being the share of one decade occupied by a factor

of two, agreeing to within  (Section 3). Sixth, the separator is whether the mixing happens on intensity or on

transmittance——under one word, the place where the addition occurs differs (Section 4). Keywords: additive

mixing, subtractive mixing, transmittance, optical density, which quantity is added, shared root.

— —



Scope of this paper (scope note): No new theorem or law is claimed——the distinction between additive and

subtractive mixing, the Beer-Lambert law and the additivity of optical density are all standard (Bouguer , Hunt

and Pointer ).Vision science is not built——colour-matching functions, adaptation and individual differences in

colour vision are not treated.No real material is claimed——spectral properties of inks and pigments are not treated;

the transmittances are representative values at a single fixed wavelength.Halftone mixing is not treated——mixing by

juxtaposition, as in halftone dots, is not treated; only stacking is.Colour from anything but absorption is not treated

——fluorescence, scattering and interference are not treated.Relation to earlier papers: Paper 323 showed that the

“three” in three primaries is not a property of light, separating what comes from linearity from what comes from

convexity——there the number of primaries was the subject, and the treatment lived on one linear map. Here that

linearity is shown to hold only for additive mixing. The linear side, and the side that becomes linear only after taking a

logarithm.Papers 288 and 612 are also cited——because  appears for the third time, named as a shared root

in the sense of Paper 300.What is added is showing the error to widen to  with the count, showing the product

to fall below the smaller factor, putting the spacing in optical density at , confirming that value to be the

corpus’s third, and placing the separator on which quantity the addition acts upon.

1. Notation and the Question

Setting: superposing light adds intensities. Stacking objects multiplies transmittances.

 is transmittance and  optical density. A single wavelength is fixed throughout, with transmittances taken as

representative values.

Question: does the single phrase “colour mixing” name a single operation?

2. The Error from Confusing Them

Computation 2.1: for stacked filters of transmittance , the product and the average were set side by side.



sheets product average error

Observation 2.2

this is the core: the error is not constant but widens with the count.  at two sheets,  at four

——checking one sheet and declaring it close enough gets worse with every sheet added.

Computation 2.3: two sheets of unequal transmittance were stacked.

quantity value

product of  and 

average of  and 

the smaller of the two

Observation 2.4

the product is below not only the average but the smaller factor.  falls under ——“mixing

lands you in between” is a property of addition, and multiplication does not have it.

Observation 2.5

the direction is opposite too.Adding all three primaries of light tends to white; stacking all three primaries of

colourants tends to black——under the one phrase “three primaries”, the destination lies on opposite sides.



3. The Coordinate in Which Multiplication Becomes Addition

Computation 3.1: the transmittances were converted to optical density.

sheets transmittance optical density

Observation 3.2

in optical density the rise is exactly  per sheet.The density at four sheets is exactly  times

that at one——so subtractive mixing is not “nonlinear” but linear in another coordinate.

Observation 3.3

put otherwise, both sides add.Additive mixing adds on intensity; subtractive mixing adds on density——

what differs is not the operation but which quantity it acts upon.

Observation 3.4

this  is the corpus’s third.In Paper 288 it appeared as the digits gained per bisection step, in Paper

612 as the frequency of a leading ——derived from three separate formulas the three agree to within 

, and all three are the share of one decade occupied by a factor of two.

Observation 3.5

this may be called a shared root in the sense of Paper 300.It is not that the numbers merely coincide: the

source is the same, and the source lies on the side of the factor two——built from a factor of three it is off by

, so the agreement comes from the number two.



4. The Separator

Observation 4.1

the separator is whether the mixing happens on intensity or on transmittance.Under one word, the place

where the addition occurs differs——calling both of them addition is legitimate only once the coordinate is

named.

Observation 4.2

beside Paper 323.Paper 323 showed that the “three” in three primaries is not a property of light, separating

linearity from convexity——there the count was the subject and the treatment lived on one linear map. Here

that linearity is shown to hold only for additive mixing: the linear side, and the side that becomes linear only

after a logarithm.

Observation 4.3

what is not said.Colour-matching functions, adaptation, real ink spectra and mixing by juxtaposition are not

treated, and a single wavelength is fixed——what is shown is that one phrase names two operations, and the

coordinate that joins them.

5. Roll Call and Closing

1.  at two sheets (Computation 2.1): it multiplies.

2.  at four (Computation 2.1): further down.

3. error  at two (Observation 2.2): the core.

4.  at four (Observation 2.2): it widens with the count.

5.  times  is  (Computation 2.3): below the smaller.

6. the average is  (Computation 2.3): for comparison.

7.  per sheet (Computation 3.1): evenly spaced.

8.  at four (Computation 3.1): exactly four times.

9. a factor of three is off by  (Observation 3.5): the source is two.



10. which quantity is added (Observation 4.1): the separator; Paper 323, Paper 288, Paper 612.

Closing: Colour mixing is not one operation: one side adds, the other multiplies transmittances.Two filters of

transmittance  multiply to , three to , four to , while averaging always gives 

——the error is not constant but widens with the count,  at two sheets and  at four, so checking

one sheet and calling it close enough gets worse with every sheet.Unequal sheets behave the same way: the product of

 and  is , under the average  and under the smaller factor ——“mixing lands you in

between” belongs to addition and multiplication does not have it.Yet in optical density the multiplication becomes an

addition, rising by exactly  per sheet to  at four——so subtractive mixing is not nonlinear but

linear in another coordinate, and what differs is not the operation but which quantity it acts upon.And this 

is the corpus’s third——the digits gained per bisection step in Paper 288 and the frequency of a leading  in Paper

612; derived from three separate formulas the three agree to within , all being the share of one decade occupied

by a factor of two, and a factor of three is off by .The separator is whether the mixing happens on intensity

or on transmittance.Placed among the earlier papers——Paper 323 discussed the count of primaries on one linear

map; here the reach of that linearity is cut.To be honest——colour-matching functions, real inks and juxtaposed

mixing are not treated, and a single wavelength is fixed.
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