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Abstract

The Diffusion Hygrometer: A late invention of H. Greinacher

The diffusion of gases, dry and moist, had been studied in 1874 by Louis
Dufour, who observed a pressure difference across a porous wall
separating moist air and a vessel containing either water or a desiccant.
70 years later, Heinrich Greinacher (1880-1974) claimed to have built the
first Diffusion Hygrometer, proposed a theory and got a patent for it.
Two different models were produced by firms of Lausanne, TESA and
Rüeger. Eventually, they were a commercial failure. We found one
exemplar of each maker in the collections of the Physics Museum at UNIL
and have tested them. A comparison of the performances with the then
currently available hygrometers will be made.
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Physics Museum Web site:
https://museephysique.epfl.ch

Virtual visit (pdf):
https://documents.epfl.ch/users/l/lo/loude/www/Visite_MPL.pdf



I. HYGROMETRY JUST AFTER WWII 3
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Air moisture content is one of the 3 fundamental parameters 
describing the state of atmosphere: 
— atmospheric pressure patm, 
— temperature T, 
— water vapor partial pressure pw, or the relative humidity RH

Satisfactory, easy to use instruments were available for the 
measurement of patm (barometers) and T (thermometers).

For the measurement of the moisture content of air, either 
outdoors or indoors, 3 types of instruments were in common 
use, none fully satisfactory:
— the hair hygrometer,
— several types of psychrometers,
— several types of condensation (dew point) hygrometers.



I.1. HAIR HYGROMETER

4

Before 1783: Hygroscopes based on the dimensional change of 
hygroscopic substances had already been built 
Not calibrated!

1783: Horace-Bénédict de Saussure (1740–1799), at Geneva, 
publishes his « Essais sur l’hygrométrie » 4

— Human hair is the best hygroscopic material for hygrometers
— Has beautiful instruments built by Jacques Paul 
(see them at the Musée d’histoire des sciences of Geneva)

He makes hygrometry a quantitative science, by:
— doing extensive experiments on the vapor pressure of water 
at various temperatures
— publishing tables of water contents in grains per cubic foot at a 
number of temperatures and for various readings of his
hygrometer [cf. Middleton, 1969]



EXAMPLES of HAIR HYGROMETERS:
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Koppe (1880-1920) 5

De Saussure-like
(> 1783)

Haenni & Cie AG (~ 1950) 6

Simple, cheap, noiselesss, direct readout of RH (%),
no attention needed, also recording models
Main drawback: low accuracy
Still manufactured today, still sold, still used!
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1825: August’s 
Psychrometer

1886: Aßmann’s 
Aspiration Psychrometer

Sling Psychrometer

Tdb, Twb, (Tdb–Twb), patm,
instrument constant

RH, TDP, pws, …

I. 2. PSYCHROMETERS 7



PSYCHROMETERS: How to calculate RH, pws, TDP …
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Semi-empirical formulas, tables, charts, mechanical devices 8
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I.3. CONDENSATION HYGROMETERS
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Firm theoretical/empirical foundation 9:

Measurement of the temperature (Dew Point TDP) 
at which a slowly cooled mirror is tarnished by droplets of water

Example:

TDP = 15 ºC
=> Water vapor pressure

pw = 1.71 kPa

Tamb = 30 ºC
=> Saturation water pressure

pws = 4.24 kPa

=> Relative humidity
RH = 100 x pw / pws 
≈ 40 %



EXAMPLES of DEW POINT HYGROMETERS 10
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1819 : Daniell
The most accurate hygrometer type !

But smelly (ether cooling!), telescope observation,
time consuming operation, needs a skilled operator

1845 : Regnault 1878 : Alluard

Modern mirror condensation hygrometers automated
by Peltier cooling, opto-electronics, solid-state electronics



II. Louis DUFOUR

10

1832: Born at Montreux
Studies physics at Lausanne, then at Paris
1855: Physics prof. at the Academy of Lausanne
1867: Declines an invitation to the Poly of Zurich
1878: Forced to retire by a physical illness
1892: Death in Lausanne
Successor : Henri Dufour (no kin)

22 years of research:
— Very modest laboratory; one student-assistant
— Studies heat related problems
(delays in the freezing of water when cooled, in the boiling when 
heated; the “Foehn” problem 11; …)



L. DUFOUR: Diffusion of gases and vapours (1874-1875) 
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His last experimental work 
Studies the diffusion of gases and vapours, especially moist air, 
through porous walls (clay, marmor, diverse forms of carbon, etc.)
Many experiments, described in words (and numeric tables) only, 
no figures, no graphs

Main result:
Difference of pressure ∆p between the moist atmosphere of the 
laboratory and a vessel containing either a desiccant (∆p < 0) or 
water (∆p > 0) 
Dufour calls the phenomenon “Hygrometric Diffusion”
Stopped by illness, he doesn’t provides a theory, 
neither does he build an hygrometer
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August Kundt (1877) compares existing theories of diffusion 
with the experimental results of Dufour, of Merget (1874), 
Violle and others

Then nothing until 1944 !

A. Jouveneau (1896), in Belgium,
gives a very short description, 
of a Diffusion Hygrometer,
along with a drawing.  
No dimensions, no calibration

Schidlowsky (1886) Fig. 3

F. Schidlowsky (1886), in Russia, 
repeats the experiments of Dufour 
and is reported to have built the 
first Diffusion Hygrometer
[original paper (22 pages !) not yet translated]



III. Heinrich GREINACHER: life and work
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Work : mainly on electrotechnology, radioactivity and 
instrumentation for nuclear particle detection
Remembered above all for:
— his Voltage Doubler (1914), 
— his Cascade Voltage Multiplier (1920),
— his pioneering studies of the Magnetron (1921)

1880: Born in St Gall

Studies physics at Zurich, Geneva and Berlin

1907: P.D., then prof. at the University of Zurich

1924: Prof. at the University of Bern

1952: Retirement

1974: Death



H. GREINACHER: His inventions

14

Philips particle accelerator (1937) 
at the Science Museum in London 

Voltage Doubler (1914): 
AC-to-DC Converter

1932: Cockroft and Walton at the 
Cavendish Laboratory rediscover 
the Cascade Voltage Multiplier and 
use it to build a particle accelerator

The Greinacher voltage multiplier 
became known as the Cockroft-
Walton voltage multiplier…

Greinacher Cascade Multiplier 
(CH and DE patents 1920): 

AC-to-DC Converter
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H. GREINACHER: his Diffusion Hygrometer
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Also Director of the Meteorological Observatory at Bern.
That could explain why, near the end of his active life, he 
became, 70 years after Dufour, suddenly interested in 
instruments to measure the atmosphere moisture content

First paper: H.P.A. (1944), followed by 
7 more until 1954, after his retirement.
He cites the works of L. Dufour, as well 
as the theoretical considerations of Kundt
Brief mention of Schidlowsky, none of 
Jouveneau

In 1944, he got 2 patents 
for his invention: 
a Swiss one, and a British one

First prototype of the 
Double Diffusion Hygrometer
(Bern, 1944)



GREINACHER’s Double Diffusion Hygrometer (1944)
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Theory as given by Greinacher:
ps saturation water pressure at T

Device at T = Tamb,
in moist atmosphere

(RH > 0, partial water pressure p) Vessel A: 

K instrument constant, depending 
on the properties of the porous plate 

Device in dry atmosphere:

Vessel B (ideal desiccant): 

–––––––––––––––––––



GREINACHER’s Diffusion Hygrometer evolution
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Bern 1946
Thermometer 

in the same box,
porous plates at 

the rear, protected 
from drafts

Bern 1949 
Drastic simplification

Only one water-filled vessel !
Thermometer needed 

RH ( Tamb, K) provided by graph

=> K ≈ 0.12



IV.1. Commercial Diffusion Hygrometers:
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Why were they not made by Haenni at Jegenstorf, near Bern, important 
and well established maker of thermometers, hygrometers, etc. ?

RÜEGER (now Rüeger SA) was founded in 1942 at Lausanne 
by Ernst A. Rüeger, to make bimetallic thermometers

1953:
1st model  of

Diffusion 
Hygrometer

“Hygro-Therm”

RÜEGER

1954: 2nd model of
the “Hygro-Therm”

Direct readout of RH !
Sold at least until 1958H = 21.5 cm



IV.2. Commercial Diffusion Hygrometers: TESA 
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TESA (founded in 1941 at Renens near Lausanne as “TE”léphonie“SA”): 
specialized in precision length measurement instruments for 
mechanical workshops, first micrometers, then other ones such as 
vernier calipers, etc. Still in activity !

Direct RH readout! Rotating calibrated drum, driven by a bimetal spiral
Water refill

(every 2 to 3 months)

To be screwed vertically on a wall !
H = 19 cm
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TESA Diffusion Hygrometer. In UK, also available from Rototherm

Porous ring (carbon)

RÜEGER and TESA: better porous plates (K = 0.25 ± 0.01)

Rotating drum

Bottom view
(bimetal thermometer)



IV. 3. Diffusion Hygrometers: reception
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• Experimental results with Diffusion Hygrometers used by 
Spencer-Gregory and Rourke (1947, 1957) for a comparison 
of diffusion theories (Knudsen Law and alternative ones)

• TESA/Rototherm model seriously mentioned for possible use 
in Museums (1960)

• Commercial flop…

• Otherwise, a few short mentions of diffusion hygrometers, 
more as a curiosity, in books about hygrometry, with the 
last known one in 1978

• After about 1965, progress in electronics made possible 
novel types of hygrometers (for example with capacitive or 
resistive sensors), more accurate and/or more convenient to 
use, affordable – or the modernisation of ancient types 
(automatic, high-accuracy dew-point hygrometers)



CONCLUSIONS
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Why did Greinacher put so much energy promoting his device ?

Was, as advertised by Greinacher, the Diffusion Hygrometer 
actually better than the then available hygrometers ?

• Claims of high accuracy not backed up by serious calibration data
• Drawbacks: periodic water refill; calibration based on the a priori 

unknown properties of a porous plate; not portable (contact of oil 

with the porous plate to be avoided at all costs); no recording 
• Effects of changing patm ? Long term stability ?
• Doubtful availability of porous plates with reproducible properties

¡ Not better than a good Hair Hygrometer ! 
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¡ Thank you for your attention !
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Notes
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1. Physics Museum Inventory UNIL Inv. 603.027
2. Physics Museum Inventory UNIL Inv. 603.510
3. Hygrometry: air moisture content measurement is 

fundamental for meteorology, very important for human 
comfort, and for the preservation of materials in 
museums, libraries, film archives, and in many industrial 
domains. In 1945, there were no solid-state electronics 
(only power–hungry vacuum tubes), no microcontrollers, 
no optoelectronics, no LCD displays, no pocket 
calculators, no Peltier elements...

4. Geneva is the city where the first practical hygrometer, 
the Hair Hygrometer, was perfected by H.-B. de 
Saussure, and built by the mecanician Paul. Very 
successful, still in use!

5. Physics Museum Inventory UNIL Inv. 603.328
6. Physics Museum Inventory UNIL Inv. 603.977
7. The main use of psychrometers was in meteorology. 

The static August psychrometer is too imprecise. To 
give correct results, the speed of air around the wet 
bulb has to be high enough (vair between 2 and 4 m/s). 
Thus Sling psychrometers were designed (to be used 
mainly onboard ships, being rotated by hand). Later, 
Assmann Aspiration psychrometers, with a mechanical 
fan, became standard instruments.

8. Here are shown 3 examples of aids to calculate RH from 
a psychrometer data: numeric table, circular rule, chart 
(Mollier diagram). The operator needs probably at least 
10 minutes for a single, complete measurement!

9. Water vapor is far from being a perfect gas! Its pressure 
depends only on the temperature. The experimental 
data can be approximated by several formulas, among 
them the Tetens one.

10.The Mirror Condensation (Dew Point) hygrometer has for 
a long time been the most accurate one in common use, 
mainly for calibration of other devices. Remote viewing 
was necessary to avoid the disturbing influence of body 
temperature and moist operator’s breath. Nowadays, it 
has been transformed in an electronic recording 
instrument, allowing quasi-continuous, remote and very 
precise (< 0.1% RH) measurements.

11.The “Foehn” is a dry, warm, down-slope wind that 
occurs in the lee (downwind side) of a mountain range, 
here in Switzerland with moist winds off the 
Mediterranean Sea blowing over the Alps, often 
tempestuously.
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