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Abstract

In order to clarify the dispute between Loschmadd Boltzmann/Maxwell
concerning the existence of a temperature gradiensulated vertical columns of
gas, liquid or solid, macroscopic measurementheftémperature distribution in
water were performed. A negative temperature grédesld at the top and warm
at the bottom, is found in insulated tubes, while butside environment has a
reverse gradient. This is explainable by the infee=of gravity. These test results

strengthen the suggestions of Loschmidt, and odictrathe statements of
Boltzmann and Maxwell.

Key words: temperature gradient, gravjtwater, second law, isolated system,
energy production, heat bath, Maxwell, Boltzmanos¢hmidt

INTRODUCTION

When the author needed a container with uniformptatures he found it impossible to
create one. Even when the container was carefstiiated from the surroundings, it
always ended up with a temperature gradient cottieatop and warm at the bottom, in
spite of an opposite gradient in the surroundir@suld gravity be the cause as it was
already responsible for creating a pressure gradighin the space?

In checking the literature the author found thaé la the 19th century J. Loschmidt
believed that a vertical column of gas or a solidan isolated system would show a
temperature gradient under the influence of grawagmg cold at the top and warm at the
bottom. L. Boltzmann and J. C. Maxwell disagreekeill theories and understanding of
the Second Law supported an equal temperaturehmight. This historical discussion
between J. Loschmidt, L. Boltzmann and J. C. Makisatovered in [1], [2], and [3]. A.
Trupp gives a good summary in [4]. See also Sedtiohthis paper.



Because neither Loschmidt nor anybody else havposex a theoretical calculation for
estimating the size of this gradient, the autharettgped a theory as discussed under (2)
The results of the calculations are gradients@f K/m for air and -.04 K/m for water. If
values of this magnitude would develop in experitakesetups, then, together with the
improvements of temperature sensors and data tioletechniques since the time of
Loschmidt, it should now be possible to measuisdfiect.

The author reported for the first time in [5] af] actual measurements of the
temperature gradient in gas columns in isolatetesys The value found for air is -.07 K
per meter of height; nearly identical to the cadtedl value (2) and seems to strengthen
the position of Loschmidt. They are critically dissed by Sheehan [10].

In trying to reach more stable results, the measents were extended to vertical
columns filled with a liquid. A first report was plished in [9]. Water was selected,
because of its high density. This way temperatluetidations of the environment affect
the temperature gradient less than when measudasgsg The tests show a gradient of
about -.05 K/m, which is close to the calculatellieg?2).

It is known that temperature gradients in gases lapdds are stable only up to the
adiabatic lapse rate [8]. Higher negative valuesrant possible, because the column of
gas or a liquid becomes instable. Lower temperaititee top than at the bottom create
higher densities at the top resulting in convectiomrents which would diminish the
temperature gradient to values below the adiabbapse rate. In order to make greater
values possible, the author tried various convaesigppressing designs. It was found
that the use of fine powders, like glass powdemishted these convection currents. It
had the added advantage that it prevented anyelxehtinge by radiation within the test
setup.

The column used in the reported test had a heigl856 mm. It was chosen as a
compromise between a greater height, allowing atgrdemperature gradient, which is
easier to measure, but having the difficulty toateea good insulation against the
temperature fluctuations in the environment, andnaller height with the opposite
advantages and disadvantages.

Great care had to be taken to improve the accunédlie temperature measurements.
Temperature gradients were measured primarily widrmocouples. Often they were
used as thermopiles connecting 5 thermocouplesequesice. Critical values were
measured twice with switched polarity correctingday zero offset.

The tests result showed a gradient of about -.08, i€lose to the calculated -0.04 K/m.
This value was generated by two methods. An avevagee over time was calculated
using the so called “future average” eliminatihg tnitial time periods when equilibrium
had not been reached yet.. The second methodhisedlues of the measured gradients
only at times of constant temperatures in the ¢ekimn indicating periods of no heat
flow. Both methods resulted in very similar values.



1. The historical dispute between J. Loschmidt, LBoltzmann and J. C. Maxwell

In trying to formulate and understand the Second,lBotzmann calculated in 1868 that
a column of gas should have the same temperatuhe dop and at the bottom, but his
calculations were limited to ideal gases.

Loschmidt disagreed with some of the conclusiond assumptions. He thought that
gravity would create a temperature gradient, caldha top and warm at the bottom,
especially in solids. He felt that this would naintradict the Second Law and had the
following vision for the future:

"Thereby the terroristic nimbus of the second lawdéstroyed, a nimbus which makes
that second law appear as the annihilating prineipf all life in the universe, and at the

same time we are confronted with the comfortingspective that, as far as the

conversion of heat into work is concerned, mankifitinot solely be dependent on the
intervention of coal or of the sun, but will haveadable an inexhaustible resource of
convertible heat at all time$* .

Loschmidt never explained, why a temperature gradi®uld not contradict the Second
Law. He believed that only measurements could eettics dispute but, knew that
improved sensors and instruments would be needed&sure the small gradients he
expected.

Maxwell expected equal temperatures at the topbattom and in his book "Theory of
heat", published in London in 1877, he writes @0)3

"... if two vertical columns of different substas&tand on the same perfectly conducting
horizontal plate, the temperature of the bottoreadh column will be the same; and if
each column is in thermal equilibrium of itselfe temperatures at all equal heights must
be the same. In fact, if the temperatures of tpe tf the two columns were different, we
might drive an engine with this difference of temapge, and the refuse heat would pass
down the colder column, through the conductinggland up the warmer column; and
this would go on till all the heat was convertetbiork, contrary to the second law of
thermodynamics. But we know that if one of themaokiis gaseous, its temperature is
uniform. Hence that of the other must be uniforimatever its material.”

2. Theoretical value for temperature gradient T (gy).

No published treatise is known to the author foiculating the vertical temperature
gradient gy in solids or liquids under the influence of graviBut, the value of &

can be calculated by equating the potential enefg§he molecules to the increase of
their speed on their downward path. Their speectlated to their temperature. When
bouncing off the bottom wall their kinetic energy zero at the moment of impact.
Though the loss of potential energy on their dowlglwaovement their energy is totally
converted to an increase of their average “tempezat A heat transfer takes place



between water molecules and the upper andawer walls of the tube, until the wall
temperatures are equal to the “temperature” of ithpinging water molecules and
equilibrium has been reached.

The potential energy is
E=-MxgxH

with M = mass; g = constant of gravity; H = heigdlifterence

(negative, because g and H are measured in opgbsattions)
We equate this potential energy \iith the amount of energy available for a tempemt
increase of this mass

Eaval =M X Car X T with  Ggr = effective specific heat; T=Temperature
difference

We now can equate,fvit E ayai Or
Eo=Ewvai=MXgXH=MxgXxT

or
T=gxH/g= To

Cor IS not the normal specific heat of the liquid inegtion, because the acceleration

through g affects only the vertical speed compooétite molecule. The potential energy

is converted only into an increase of their speetheir lateral downward direction while

no energy is used or distributed in accordance with equipartition of energy to the

other degrees of freedom like the additional twerkd directions left to right and front to

back or towards the rotational energy in molecwigs more than one atom. Therefore,
Cec=c/n

with ¢ = specific heat; n = number of degreesreédiom

We therefore get

Te=-gXH/ & =-gxH/(c/n)

With this formula for a height of 1 meter and takithe number of degrees of freedom
for water as 18, we obtain

& = -.04 K/m



3. Demonstrating a temperature gradient in a vertial column filled with
water.

The following test, called here B3¥2as carried out in Burgberg, Germany on water as
liquid. It was selected due to its high densityislay temperature fluctuation of the
environment affects the temperature gradient less then measuring gases.
Calculations, described in section 2, show thaewdiaving a higher specific heat than
air and a greater number of degrees of freedor eoinpared to only 5 for air -- should
give a temperature difference of about -.04 K/ntlBa gradient should be measurable
within a setup similar to the one used for gasesgeasribed in [5] and [8].

31. Test setup
Fig. 1:
1: Glass tube 1, filled with

water and glass powder
L= 850 mm, D= 40 mm

2. PVCtube 1,
L=910 mm, D=50 mm .

3: Glass tube 2, filled only
With water
L=850 mm, D= 40 mm

4. PVC tube 2,
L=910 mm, D= 50 mm.

5: PVC tube 125 mm,
L=1000 mm, D= 125 mm

6: Aluminium tube 150 mm,
L=1100 mm, D= 150 mm

7:  Aluminium tube 220 mm,
L= 1200 mm, D= 220 mm

8: Double wall housing
L= 1500 mm, D= 500 mm

9: Glass fiber insulation 100 mm

10: Glass foam, balls 1 mm

11: Brass shavings




Test B 372, as shown in Fig 1, measures the vetdogerature gradient in two identical
glass tubes of 40 mm diameter and 850 mm lengtth Bkass tube is individually
surrounded by a PVC tube of diameter 50 mm andhe®t0 mm. Tube {1) and its
surrounding PVC tubg) are filled with water and fine glass powder, whibe 2(3)

and its PVC tubé4) only with clear water.

These are arranged in a PVC tube of diameter 125nd 000 mm lengttb). The
remaining space is filled with small balls of glésam of 1mm diametd10). The
bottom patrt is filled with small brass shavi{@d) in order to try to equalize the bottom
temperatures of the two 50 mm PVC tubes.

The assembly is inside a 150 mm diameter and 110ength aluminum tube of wall
thickness 5 mn@6). This in turn is placed into another aluminum tab@20 mm

diameter, 1200 mm length and a wall thickness mwin®(7). Each of these is closed at the
top with round aluminum plates of the same thicknes

The aluminum tubes containing the test assemblgtaraling in the center of a double
walled aluminum housing of height 1500 mm and areirdiameter of 500 mm with 50
mm between the two wal(8). This space is filled with waté€Ba). The whole assembly
is insulated on the outside with 100 mm of glass®). The space between the larger
aluminum tube and the inner aluminum housing between(7) and(8), is filled with

fine PET fiberq12).

The temperatures inside the test setup are mealyrtb@rmocouples and by thermistors.
These are mounted at the tops and at the bottothe afiner axes of the two glass tubes.
Additional sensors are mounted on the outsideeddlglass tubes and on the outside of
the two PVC tubes. The temperatures of the doublealuminum housing are measured
3 cm below the top and above the bottom.

32. Description of the test results.

The test setup B372 was installed in May 2006 sAfisors were connected to DMM
Multimeter Keithley model 2700 and the data fe@ iatcomputer. Measurement results
are reported from December 2006 through March 28@ime period long after the
setup, so that it can be expected that equilibgonditions had been reached.



B372: H20 in two glass tubes, one with and one witlit glass powder

Fig. 2:
. 20.9.2007
B372: H20 + glass powder in 2 glass tubes V.B372_Dez.06-Marz07.xis, 1.
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* upl-up2 stands for the temperature difference between the tops of glass tubes 1 and 2

Fig. 2 shows all measured values from Decembehrbuigh March 15. The noisy
curves are values of the temperature gradientssumed by thermocouples as
temperature differences. Each point of the curpeasents a 10 value average (of a ten
times repeated reading of the same object) measwesg hour, using the scale on the
left side of the graph. The smooth lines reprei@thermistor measurements, each
value measured hourly in centigrade, using theesmalthe right side.

Environmental influences

Ideally, the measurements would take place in @atisd system not allowing the
exchange of matter or energy across the bounda¥ese the exchange of any matter
can be eliminated, the exchange of energy cannatvbieled even with an optimal
insulation. Because the temperature on the outgiltlalways fluctuate to some degree,
some energy will always pass through the boundanesnfluence the measurements.

The temperatures, measured by the thermistorgiaugdocations within the test setup,
give an indication of the amount of energy enteongeaving the system. From initial
values around 18.25 C the temperatures all dectmetbout 17.75 C during the first 17
days (winter) and rose to a peak around 18.5 Gduhe following 50 days (spring).



This gives a maximum change of only 0.75 C in avé8k period that is caused by the
temperature fluctuations of the environment.

Even an air-conditioned room can have such fluainat These experiments were
carried out in a basement without air-conditionibigt with a thermostat-controlled
heating system during the winter. The smooth pEr@mperature curves (see curves 9
through 14 in Figure 2) indicate that the heatdfantook place uniformly in all parts of
the test setup, not significantly disturbing theyperature differences that we tried to
measure.

Vertical temperature gradients

The most important result is shown in curve 1 giufé 2 (lowest blue curve), the
temperature gradient of the inner axis of glase tulfilled with water and glass powder.
It is quite stable around a value of about -.05 &t&r; the minus sign indicating a lower
temperature at the top than at the bottom.

Going from the inner axis radially outwards, cuBve for PVC tube 1, enclosing glass
tube 1 (black curve, second from below) -- showsghtly less pronounced gradient of
about -.036 K/m, but still colder at the top thanh& bottom.

The glass tube filled only with water (Tube 2, e, the lowest red curve) with its
value of about -.01 K/m, has a less negative gradiean tube 1. This is plausible,
because tube 2 contains only water and has no cboréindering glass powder like
tube 1 does.

The observations on curve 4, belonging to PVC fulsecomparable to that of PVC
tube 1.

Next further out is the PVC tube of diameter 125,rentlosing both PVC tubes 1 and 2,
followed by the150 mm aluminum tube. Both show pesigradient values close to zero
(red curve and blue curve near zero), which meaaisthe top is warmer than the bottom.

Also very important is the gradient on the inneflwhthe aluminum housing, curve 8
(uppermost blue curve) with a value of +.15 K/mslalways positive, warm at the top
and cold at the bottom. Only under these conditawes the gradient at the inner axis of
tube 1 or 2 -- cold at the top and warm at thedmott- becomes meaningful.

Temperatures within the test setup

As already discussed in the section “Environmeinfalences” the smooth curves (9-14
in Figure 2) represent temperatures measured biypémmistors. In comparing the
measurements at different locations, one has teidenthat the precision of a thermistor
amounts to only +/- .1 C. But the measurementsaing constant over time, as indicated
by the smoothness of the curves, whereby the teatperchange over time is measured
to a much greater precision than the absolute salue



This fact becomes very important, when one looKerag time periods, during which the
upper and the lower temperatures in a tube dohenge. During these times one can
decide, whether a temperature gradiegtekists under equilibrium conditions.

33. Determination of the temperature Gradient T;; as a long term average.

While in Figure 2 the curves 1-7 are very closeetbgr, Figure 3 provides a better
resolved picture in the form of long term averages.

Fig. 3:
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Fig. 3 "B372: Future Averag€ shows average values of all gradients over tigseh
point on a curve represents the average valuelagdcufor this gradient from that time
through the last point of the curve to the righit Example, the values shown on
December 14 are, therefore, the averages forrnieftiom December 14 through March
15, while the last points on the right represeatuhlues on March 15. Thus we can
ignore the right end of the curves, where too fesasurements are included in every
point and the values are unreliable. For the i of tube 1 we get a steady average
gradient of -.05 K/m.

34.Determination of Tg, at equilibrium.

The measured values o§Tluctuate over time, because even the best insalaain not
prevent small temperature changes in the test sétiupat, entering or leaving the test



specimens by conduction through the insulation,ld/be identical at the top and at the
bottom of the test column, then they would noteiftee value of §;. But, because the
temperature fluctuations in the environment arfedeht at different heights of the test
setup and the various insulation materials are mevally identical over height, the
temperature changes and their timing may be difteaethe top from that of the bottom.
Therefore, e fluctuates over time around the correct averagigevdn order to obtain
this correct value, one has to measure over latilgerperiods.

T(cr) can be found very efficiently, when all measumetiperature gradient values are
plotted as a function of the rate of the tempertlvange (Figure 4). We measured these
rates both at the top and at the bottom of thestudned found very similar results. The
parallel nature of the actual temperature changdsfarent points in the system were
already observed in Figure 2. In Figure 4 the »satands for the rate of temperature
changes measured only at the top of the tubesdstigm. The correct value ofgly can

be obtained, whenever the rate of temperature eh@nzero. At these times no heat is
flowing in or out of the system and we have eqiililm conditions, no temperature
change over time.

Trend lines are calculated as least squares regmdsses for the scattered values. The
trend line for the blue triangles for inner tub@nhater with glass powder) crosses the
vertical zero line -- where the rate of temperattirange is O -- at -0.05 K/m. The red
markers give a & value of -0.12 K/m for inner tube 2 (only wateBpth of these
values agree well with the long term average valsesn on curves 1 and 3 in Figure 3.

Fig.4:
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4. Precision of measurements

Thermistors have a precision of only about +/- ,-hét sufficient to measure gradients of
.01 K/m without making difficult additional calibtians. In the above measurements
thermistors are used not for reliably measuringligrats, but in order to establish the
changes of temperatures at different locations.prkeision of measuring these
temperature changes is better than .001 K/hour.

Type E thermocouples are used to measure the tatapegradients as the difference of
the voltages between two thermocouple points. Camggethese in series, one obtains
thermopiles. The values reported here are morelfdaimes the precision of individual
thermocouple measurements.

Actually, the precision of the absolute value @fyI{20 or 30% higher or lower) is not as
important as deciding, whether the direction oftéraperature gradient is positive or
negative. But this direction can be decided upaa Yery great precision, because the
zero offset of the instrument can be determinedsoméidg each value twice, the second
time with switched polarity.

5. Consequences of the measured temperature gradisrior the Second Law

The brown curve 5 in Fig. 2 shows the temperatifferdnces between the top of tube 1
and tube 2 with an absolute average value of aBduf. This temperature difference
could be used to create work by supplying elegower through a thermocouple, which
is actually, continuously taking place during thsts described here. The amount of
energy so produced is, of course, extremely sitalbes not affect the equilibrium
condition of the experiment, because this smalluahof energy taken out of the system
is easily replenished from the heat bath of therenment. The observation is that heat
flows under the influence of gravity from a coldeevoir to one with a higher
temperature.

The Second Law of Thermodynamics, as stated bysCiaun 1854 (11) says:

"No process is possible for which the sole effetitat heat flows from a reservoir at a
given temperature to a reservoir at a higher tenapare.”

It is assumed that the process takes place withisdated system with no exchange of
matter and energy across its bounders. It alstigs)pike any other presently used
statement of the Second Law, that the isolatedsyshight be exposed to a force field,
like gravity, and in spite of this, the assertiemains valid.

Contrary to the statement by Clausius, the repogsdlts show thah an isolated system
under the influence of a force field like gravigalh can flow from a reservoir at a given

temperature to a reservoir at a higher temperature.

This leads to the need of a new general stateaighe Second Law:

In isolated systems — with no exchange of matter drenergy across their boundaries

AND WITH NO EXPOSURE TO FORCE FIELDS - initial diff erences of

11



temperature, densities, and concentrations in assdiies of molecules will disappear
over time, resulting in an increase of entropy.

Conversely:

In isolated systems - with no exchange of matter drenergy across its borders -
FORCE FIELDS LIKE GRAVITY can generate in macroscopic assemblies of
molecules temperature, density, and concentrationrgdients. The temperature
differences may be used to generate work, resulting a decrease of entropy.

SUMMARY
Measurements of the temperature gradient in instihagrtical tubes, filled just with
water or with water and small glass beads, shoegative temperature gradient, cold at
the top and warm at the bottom.

These gradients appear in spite of positive tentpergradients in the environment.
They are not explainable by today’s accepted laweat transport in liquids, gases and
solids, because positive temperature gradientseiebvironment would allow only
positive gradients within the test setup.

The temperature differences created in verticalated columns of water under the
influence of gravity allow the production of wouking only the effect of gravity.
Therefore; basic statements of the Second Law efribdynamics would have to be
restated to reflect the effects of force field®ldeavity.

Epilogue

The author would like to motivate experimental stigs to duplicate these experiments
on the same, or preferably on a larger scale. &stme time, theoretical scientists are
also challenged to develop a theory explainingaheslings.

If this will allow mankind to use, as Loschmidt ésaw,

||3)

....... an inexhaustible resource of convertible heatletimes...."” ...only future will

tell.
Roderich Graeff
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