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Introductory.

This investigation.started with the spring term of 19C5.
It has been a gradual unfolding from beginning to end. Prof.
Jeffery had tried the ordinary thermometers and methods of
reading temperature in trying to carry out this investigation
for a number of.years, but found them too slow and very un-
satisfactory. The first task was to select a method. Mr. H.
L. furtis had b=2en using an electric method derending upon
the prineiple of the thermopyle, to measure the waves of temp-
erature through snow. This plan was adopted for this work and
a series of readings was taken in May and June. Many apparently
unaccountatle variations crept in and made them unsatisfactory.
It was evident that the method was not under perfect control.
The connections showed a constantly varying resistance, all the
bhermo-couples were not at known temperatures; and it was found
difficult to raintain a constant freezing point.

The fall term was spent experimenting on method and in
scanning the electrical and physical literature in the library
for ideas. Mr. curtis referred us to an article ( See page 65,
Vol. XXI of the Physical Review) that helped greatly. During
Christmas Holidays, a method was developed that was found
reliable when reading to twentieths of a degree Fahrenheit.
With it, 40 readings can be made in 45 minutes. This is but
little over one minute to a reading. The ordinary glass ther-
mometer takes five minutes and then only reads to half dsgrees.
This electrical method is therefore five times as rapid and

ten tines as accurate,
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Knowing that the heat prbduced in fermenting manure counes
from the bodies of bacteria, it was desired to know how many
bacteria were present in fresh horse manure, and how many at
the end of 7 days and 14 days. W¥hen a chemist wishes to deter-
mine the sugar content of a plant, he deterrines the noisture
in a part of the pulp and analyzes some juice pressed from the
remainder. For every gram of moisture present, the plant
contained a cubic centimeter of juice. Then with the percent
of sugar in the juice known, he is able to compute the percent
of sugar in the plant. It was in just this way that it was
undertaken to determine the geri content of horse manure.

A 1ot of horse manure was obtained from the stable fresh.
sorie of it was taken to determine moisture. out of another
portion, through a steril cloth into a steamed dish, some of
the juice was pressed out. Accurate dilutions of this juice
was made by the same means as eripioyed in bacterial water
analysis. The dilutions used were: 1 to 100,000, 1 to 1,006,000,
and 1 to 10,00GC,CCC. One cubic centimster was plated out fron
each dilution in duplicate. As each germ produces a colony,
the colonies were ccunted when large enouch, and from this data
the number of germs in a cubic centimeter of the original
extract was computed. With the moisture content known, it was
possible to conrpute the number of germs in a gram and from this
the number in a pound of the horse manure.

A jar was filled with manure, like that used in the first
determination. It was covered to prevent excessive evaporation,
and aliowed to feruent. At the end of 7 days and at the end

of 14 days, the moisture was determined, similar counts were
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made, and the bacterial content computed.

The number of germs found in a pound of the fresh manure,
if placed side by side, would make a tape 1/50CC of an inch
wide and 17 miles long. By the end of a week, the numbsr of
bacteria in a pound would make a similar tape 21.65 miles long.
During the second week, the death rate was so grsat that the
living bacteria at the end would make a similar tape only
2.13 miles long.

These results wsere checked up in another way. Another
lot of the same fresh horse manure was put in a jar, a ther-
mometer inserted, and covered with air-dry soil to prevent
evaporation. The temperature was read from day to day. It
started from room temperature and rose approximately 2.5 degrees
centigrade each day for four days. The temperature was then
about stationary for a few days, and by the end of the second
week was back nearly to room tempverature. This vefy nicely
confirms the results of the counts, and emphasizes the importance.

of usihg fresh manure if an increase of temperature is desired.

Side Ligcshts.

A so0il may obtain heat,(1) by the direct absorption of the
sun's rays, (2) by warm water passing down into it, and (3) by
changes that result in the decay of organic matter in the soil.
In the last case the same quantity of heat is developed as though
the material had been burned in the fire, for really, it is a
fire. It is the oxidation of this organie matter in the bodies
of multitudes of bacteria. A soil may lose temperature, (1)

by radiation, (2) by conduction, and (3) by the evaporation of



water from its surface.

In each experiment in this investigation, a soil in good
tilth was used, containing, as nsar as can be judged, the
proper amounts of air and moisture for maxirmm plant growth.
The object is to deterriine the effect of different quantities
of manure on the temperature of the soil, where the land is
plowed six inches deep and the manure is well mixed with the
soil. The jars used were six inches deep and eleven inches
inside diameter. The so0il was placed in these jars and treated
with different quantities of manure, in proportion to tons
per acre. The surface of a jar equalled .659954 square feet
or .00001515 of an acre. Five tons are equal to 10,000 pounds.
A jar that represents this amount must therefore contain .1515
pounds of manure. 7This manure was carefully mixed with the
whole. A Thermo-couple was then planted so that the junction
was not far from half the distance between the surface and the
bottom of the jar. The soil was carefully packed around the
glass tube through which the wires passed out. The surface of
the soil was frequently cultivated, to produce a dust blanket
and prevent evavocration, thus reducing the loss of heat. We
wished to determine wheth=sr the heat generated by fermentation
maintains a perceptibly higher temperaturs.

As we approach a consideration of the soil, we must think
of it as a laboratory through which the material and forces of
nature pass. In order that this laboratory may do its best
work in supplying food for the plant, it needs a sufficient
supply of raw material; it requires physical properties that

will supply praoper amounts of air and mcisture and retain
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proper tempsratures; and besides these it must have millions
upcn miliions of the right kind of workers. Thesé workers are
mieroscopic organisms, and while they are digesting the raw
material for the use of plants, they give off heat. If it
ware not for them, manure would 1lie in the soil unchangeé and
the present investigation could show no increase of temperaturs.

Prof. F. H. King states that "the nitrates of a soil do not
developa until the temperature has risen above 41° F.; the
action of the germs is extremely feeble at 54°; and they do not
attain their maximum activity until a soil temperature of 9¢&°
has been reached." In another place under the head of "Best
Soil Temperature for Germination", he gives a table of observed
temperatures and remarks; "The two important facts fixed by
these data are: (1) The soil temperature at which the seeds of
most cultivated crops germinate best 1ie'between 70° and 100° F.
with an average of about 85° F. (2) The so0il temperature below
which germination does not take place are between 41° and 54° F."
From this data, we see that when we get a soil temperature that
will allow plants to grow, the workers of our "soil laboratory”
begin to produce food for those plants. It is also evident
that the temperatures for most rapid growth is muech higher
than we ordinarily get.

Sore claim that by the addition of manure, cerops, for
example corn, can be grown on land that would otherwise be too
cold. It is true in the case of the hot-bed. 1Is it true under
field conditions? There appears to be almost no investigation
along this 1ine. Prof. King thirks that it is true, but he

has probably not investigated it himself,



The agricultural literature of the library, has been
searched for any investigation along this line. The Experiment
station Record apvears to be silent on the subject. All that
has been found is contained in pages 148-151 of Warington's
"Physical Properties of the Soil®"., Half of this is hot-bed
investigation. The only experiment directly on this subject
was carried on by 'Géorgeson at the Imperial Coliege at Tokotar.
The boxes, fillied with his mixture, were set down in the soil.
No mention is made of his running duplicates or repeating
his experinent to verify results. His readings were probably
made with a glass thermometer, inserted for each reading.

Prof. Jeffery gave up that plan after two or three years of
investigation here at the coliege. He found that the glass
thermometer, that had to be inserted for each reading, was so
slow and the sun changed the temperature of the plot so
rapidly that it was not pqssible to reach definite and

accurate conclusions.

The Thermoelectric Couple.

Volta's law teaches that there is a contact difference of
potential between two metals. This force lies dormant in an
insgiating rmedium like air, but manifests itself as current
when those metals are plunged into an elesctrolyte, aé sulphuric
acid. Thris contact potential difference varies with tempera-
ture. The amount of variabion for one degree is known as the
thermoelectric power of those metals at that temperature.

Thus at 18° the contact potential difference between iron and
copper, ;s 146,000 microvolts, but at 18° the thermoelectric

Dower of these metals is -13.7 microvolts. Therefore at 19°

their contact potential difference would be 146,000 —13.7
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microvolts, or at 26° 146,000 -27.4 microvolts.

Volta's law further teaches us that no current flows
through a circuit of dissimilar metals when all the Jjunctions
are at the same tempserature. In 1821 Seebeck found that a
current flows in such a circuit, when one of the junctions
differs in temperature from the other or others. Thus if a
closed circuit be formed of iron and copper wires, one couple
being at 18° and the other at 19°, the potential difference
between the couples we have seen would be 13.7 microvélts.

This would cause a current flow between the camples.

Cumming (1823) observed that en increasing the mean temper-
ature, even with a constant temperature-difference, the potential
difference between the junctions decreases, becomes zero, and
finally increases in the other direction. Thus the thermoelec-
tric power of coprer and iron, which has been seen to be 13.7
microvolts at 139°, disappears at 274.5°. At higher temperatures,
their relative position is reversed, the iron being now positive
to the copper. If the temperature of one of the couples be
530° and the other 19°, their potential difference will be equal
and opposite, and their algebraic sum will be zero. No current
will flow. A temperature l1like 274.5°, at which the thermo-
electric power of two metals disappeams, is called the neutral
point. 1In a thermoelectric diagram, lead is considered the
axis of x. The thermoelectric powers with respect to lead,
given in microvolts, are represented as ordinates and the
temperatures as abscissas. All the metals are‘represented
as straight 1ines. The points at which they cross each

other and the lead line are the neutral points, At a given
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temperature, the algebraic difference of ordinates of two
metals gives their thermoelectric power, or the potential
difference for one degree. In order to find tue total
potential difference of two couples at different temperatures,

it is only necessary to multiply their difference of tempera-

ture by the thermoelectric power of their mean temperature.

+5

— o Alumin ium.
o — o Lead 200¢ 300C
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Thermoélectric Thermometer.

In this work, the "contact potential difference* 1lies
dormant, as each couple is surrounded by an insolator or at
least a medium that does not act upon it chemically. Use is
however made of the "thermoelectric power". As this varies with
the elements selected for the couple, the aim has been to select
two that would be as far apart potentially as possible and yet
be practical and obtainable at reasonable prices. Iron has been
used as one of the elements throughout the investigation. In
the preliminary experiment conducted in the spring of 1905,
German-silver was the other element. In this kind of work, the
Germans have gotten their best results with an alloy known as
constantan. cConstantan has two advantages ovef German-silver.
(a) It is further from iron potentially, and (b) when iron-
constantan couples are used, the curve between centimeters on
‘the scale and temperature is nearly a straight 1ine. On inves-
tigation, it was not found possible to obtain constantan in this
country. A firm down in Mew Jersey makes wire that they call
"advance"”, It has similar thermoelectric properties to con-
stantan. During the fall of 1905 Mr. H. L. Curtis obtained
some of this "advance®” for his work and kindly let us have some.
It was used in our later work.

For the elements of the couples, it is necessary that the
wires be as near homogeneous as possible. An electromotive
force may be generated at two dissimilar parts of the same wire.
Outside of the temperature couples, there should be as few
changes of metal as possible. EFEach change of metal constitutes

a couple, and if they are at uncertain temperatures, parasitic
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electromotive forces are set up.

In a circuit ineluding several different junctions, the
total electromotive force is equal to their algebraic sum.
In a closed circuit, there is produced a current equal to the
quotient of the resultant electromotive force by the resistance.
As we have seen above, in order to get a current, we must have
couples at different temperature, They should be at definite
temperatures. Freezinglpoint is convenient for the cold junec-
tions. Then the other junction may be at the temperature being
measured. Into this circuit is then introduced a sensitive
galvanometer and the thermoelectric thermometer is complete.

The most convenient form of galvanometer has a powerful
permanent magnet, between whose poles is suspended a moveable
coil through which the current passes. The metalic suspending
wires are parts of the circuit, and the swinging parts carry a
mirror to replect some part of a stationary scale through a
teleQGOpe. As the mirror swings, different parts of the scale
are indicated, and the cross-hairs in the telescope allow
fine reading.

In order to do accurate work, the following points should
be 1ooked into. The moveable coil should be of German-silver _

or other low-temperature-coefficient wire, and should have a

resistance of about 200 ohms. The coil must swing free. Not even

filaments of silk, which stand out from the insolating covering
of the metalic wires, should be allowed to rub on the poles of
the magnet. The suspending wires must not be twisted. If they
are, the zero point will be moveable. The suspending wires

must also have a high elastic limit. For that it is necessary
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that the metal should be hardened. German-siiver is very
commonly used. Phosphor-bronze also giveé good xesh1é€. When
the poles of the galvanometervare connected by a short piecs
of copper wire, there should be no deflection. If'akﬁeflection
is noticed in this way, it indicates that the 1nstrument 1tg§1f
contains powerful thermoelectric couples and 1is of 1little 5r
no value in this class of work. Finally, but not 1eést, the
instrumnent must be installed on a firm support. Very slight

Jars will swing the coil and make the readings uncertain.

Preliminary Experiment. ( Spring 1905)
In this experiment, 14 jars were used. There were two

Jars with no manure, two with the equivalent of five tons to
the acre, two with a ten tons equivalent, and so on down to the
two jars containing an amount equal to a dressing of thirty
tons to the acre. These jars were arranged on the floor in
two rows, in such a manner as to place the Auplicates as far
apart as possible. At the opening of the experiment, each
jar contained on an average of 3.37 pounds of moisture.
A dust blanket was maintained on the surface, yet during
the experiment they lost on an average .74 pounds of moisture.

The following is the arrangement on the fioor.

\\_ - ’a - ’ . N ~ "’. - . \
\\ 7/ / N . . Lo g \ 4 h o 4 s,
la. ; 2a. 3a. : 4a. ' 5a. €a. | 79.
O tons. /S 5.tons 10.tons, |8.tons. , 2o.tons, ; Wtons. - 3ptons,
e “(‘/./ ; . ) ] ) / ! P
. A \. N, ,, ‘\
! 7b. ' 6b. - 5D, 4b. ' 3b. ! Phb, 1b.
\ 3o.tons. = 25tons. 20.tons.  |5.bons. lo tons. . Stons. O.tans.
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A Thermoelectric Couple.

Couple inthe Soil with Connections.
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The principles and theory of the thermoelecttric couple
have been given. Mr. H. L. Curtis of the Physics Department
had been using this method for the measurement of temperature
in snow. He kindly gave us the general principles and lent us
a galvanometer. He has also been very kind in making sugges-—
tions from time to time. Using iron and German-silver as the
elements of the couples, we set up the apparatus according to

L the following diagram only that

A
S - the line wires were vastly longer.
T . C A is the galvanometer. B is a
ceA om0 dlic .
o gh : 1 dish containing a mixture of ice
Bl .

and water surrounding the freezing-
point or reference couple. ¢ is a thermoelectric couple,
placed in the4soil. a, b, ¢, and 4 are mercury cups, used as
connections. The line wires were all of copper.

In the light of the data given 332£3§e°§;, it is evident
that this method is defective. It contains two junctions of
copper with iron and two junctions of copper with German-silver
in the air at uncertain temperatures. In all the later work,
the 1line wires were made of the same material as the elements
of the couples to which they are attached, and where a couple
existed in fhe air it was balanced by another 1like couple at ’
the same tempe:gture. |

A8 this expériment was the beginning, many stumbling blocks
naturally came in the way and had to be overcome by later work.
During the emperiment, it was found difficult to get the ends
of the wires amalgamated, and on this account a varying resis-
tance was introduced at the mercury connections. In later work,

it was found that by coating the tips of the wires with solder
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they were then easily amalgamated, with acid and mercury.
Throughout the entire investigation, the freezing point has
been used as the point of referenée, but in the preliminary
experiment, no reliable method was discovered for maintaining
a constant absolute freezing point. Two'freshly mixed lots
of ice and water may easily be a degree apart. In such a
mixture, the ice is always below freezing and the water above.
This difficulty was temporarily overcome by boring a hole in
a block of ice and surrounding the thermoelectric coupld with
the water in this hole. The block of ice soon melted away and
left things as bad as ever. In later work, it was found that
the different couples gave slightly different reading at the
same temperature and had to be standardized, or the relation
between them determined. This was not discovered in the pre-
liminary experiment. .

-Using the method as outlined above, the following readings
were taken in centimeters of deflection. Usually two series
were taken, the one just after the other and in the reverse

order. The average between these were then recorded as below.

1 st. period.

Date 5/18 5/18 5/20 5/21 5/22 5/23 5/24 5/25 5/26 5/27

NI IO

a.12.25 12.14 11.04 10.60 10.17 9.69 8.60 11.58 11.46 10.31
b.11.95 11.78 10.89 10.70 10.00 9.52 8.23 11.40 11.16 10.60
a.12.15 12.05 10.93 10.60 10.19 9.80 8.24 11.68 11.58 10.30
b.11.85 11.84 10.97 10.70 9.96 9,30 8.30 11.50 11.18 10.24
a.11.70 11.97 10.83 10.76 10.20 9.63 8.48 11.68 11.45 10.26
b.11.92 11.87 11.02 10.73 9.73 9.70 8.72 11.59 11.30 10.37
a.11.75 11.91 10.85 10.67 9.86 9.60 8.43 11.67 11.42 10.28
v.11.90 11.94 11.01 10.81 10.03 9.72 8.57 11.63 11.43 10.30
a.11.45 11.92 10.85 10.45 10.14 9.52 8.40 11.70 11.35 10.33
b.11.80 12.02 11.15 10.95 10.14 9.93 8.80 11.63 11.53 10.44
a.12,10 12.01 11.95 10.81 10.19 9.50 8.20 11.72 11.34 10.32
b.12.20 12.11 11.29 11.03 10.21 10,40 8.90 11.70 11.63 10.47
a.12.25 12.04 11.06 11.80 10.30 9.54 8,07 11.71 11.39 10.24
b.12.40 12.22 11.43 11.33 10.29 10.19 9.10 11.80 11.70 10,50
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second period.

5/29 5/30 5/31 6/1 6/z €[5 6[5 /6 67 6/8
1a. 11.50 11.50 11,69 11.30 11.67 11.70 12.29 13.30 12.66 11.98
ib. 11.30 11.20 11.18 10.96 11.5 11.22 12.13 13.25 12.50 11.56
2a. 11.51 11.54 11.65 11,31 11.67 11,57 12.25 13.28 12.61 11.95
2b. 11.39 11.28 11.18 11.00 11,53 11.24 12.11 13.20 12.50 11.61
3a. 11.56 11.50 11,56 11.29 11.67 11.42 12.20 13.30 12.60 11.86
3b. 11.38 11.38 11.18 11.10 11.60 11.24 12.11 13.20 12.58 11.67
4a. 11.55 11.52 11.45 11.28 11.68 11.38 12.17 13.18 12.60 11.85
4b. 11.41 11.48 11.26 11.12 11.60 11.26 12.09 13.00 12.62 11.74
58, 11.55 11.51 11.43 11.24 11.68 11,38 12.18 13.30 12.58 11.73
5b. 11.48 11,55 11.38 11.22 11.68 11.29 12.12 13.35 12.67 11.89
6a. 11.47 11.48 11.40 11.24 11.68 11.38 12.23 13.32 12.60 11.71
6b., 11.54 11.58 11.48 11.32 11.77 11l.44 12.21 13.35 12.70 11.93
7a, 11.49 11.41 11.40 11.17 11.70 11.39 12.37 13.21 12.65 11.62
7b. 11.59 11.72 11.62 11.42 11.88 11.44 12.30 13.36 18.77 12.01

On account of the iight from a window passing di agonally
across the block of jars, and because of other influences, it
was found necessary to correct all the readings according to
position, i.e. to determine what the temperature of each jar
would have been, if it had occupied the position of some par-
tbcular jar. This was determined in the following way, and com-
puted for each period separately. The average difference between
a pair of check jJars gave us the difference of temperature in
those jars "according to position®., This was determined for
each pair, and after a study of the sources of temperature
radiated from the outside, it was possible to determine the
average amount that each jar was warmer or colder than 4b, taken
as the point of reference. Beginning with the correction for 1a,
and giving them in the order that the Jars are given in thq

'table, the corrections for the first period are as follows:-
-.12, .04,-.10, ,08,-,09, ,01,-08, O, -.04,-.04, O, .08, .04, and
-12. The corresponding corrections for the second period, given
in the same order, are: -.20, .07, -.17, .06, .14, .01, -.11, O,

0,-.01, .04,-.04, ,07 and .07. The readings in the tabile
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mgorrected according to Position® vary from the original

readings by these amounts.

Dgto

la.
1b.
2a.
2b.
3a.
3b.
4a.
4b.
5a.
5b.
6a.
6b.
7a.
7b.

Date

la.
1b.
2a.
2b.
3a.
3b.
&a.
4b.
5a.
5b.
6a.
6b.
7a.
7b.

5/18

12.13
11.99
12.05
11.88
11.61
11.93
11.67
11.90
11.41
11.76
12.10
12.02
12.29
12.28

5/29

11.30
11.37
11.34
11.45
11.42
11.39
11.44
11.41
11.55
11.47
11.51
11.50
11.56
11.52

corrected According to Position. (1st period)
5/19 5/20 5/21 5[22 5/23 5[24 5[25 5/26 5[27

12.02 10.90 10.48 1D.05 9.57 8.48 11.46 11.34 10.19
11.82 10.93 10.74 10.04 9.56 8.27 11.44 11.20 10.64
11.95 10.83 10.50 10.09 9.70 8,14 11.58 11.48 10.20
11.87 11.00 10.73 9.99 9.33 8.33 11.53 11.21 10.27
11.88 10.74 10.65 10.11 9.54 8.39 11.59 11.36 10.17
11.88 11.03 10.74 9.74 9.71 8.73 11.60 11.31 10.38
11.83 10.77 10.59 9.78 9.52 8.35 11.59 11.54 10.20
11.94 11.01 10.81 10.03 9,72 8.57 11.63 11.43 10.30
11.88 10.81 10141 10.10 9.48 8.36 11.66 11.31 10.29
11.98 11.11 10.91 10.10 9.89 8.76 11.59 11.49 10.40
12.01 11.95 10.81 10.19 9.50 8.20 11.72 11.34 10.32
12.03 11.21 10.95 10,13 10.32 8.82 11.62 11.54 10.89
12.08 11.10 10,84 10.34 9.58 8.11 11.74 11.41 10.28
12.10 11.31 11.21 10,17 10,07 8.88 11.68 11.58 10.38

corrected According to Position. ( Sscond period)
5/30 5/31 6/1 6/2 6/3 6/s e6f6 6T 6f8

11.30 11.49 11.10 11.47 11.50 12.09 13.10 12.46 11.78
11.27 11.25 11.03 11.65 11.29 12.20 13.32 12.57 11.63
11.37 11.48 11.14 11.50 11.40 12.08 13.11 12.44 11.78
11.34 11.24 11.06 11.59 11.30 12.17 13.26 12.56 11.6%7
11.36 11.42 11.15 11.53 11.28 12.06 13.16 12.46 11.72
11.39 11.20 11.11 11.61 11,25 11.12 13.21 12.59 11.68
11.31 11.34 11.17 11.57 11.27 12.06 13.07 12.49 11.74
11.48 11.26 11.12 11.20 11.26 12.09 13.00 12.62 11.74
11.51 11.43 11.24 11.68 11.38 12.18 13.30 18.58 11.73
li.44 11.38 11.21 11.68 11.28 12.11 13.34 12.66 11.88

11.52 11.44 11.28 11.72 11.42 12.27 13.36 12.64 11.75
11.54 11.44 11.28 11.73 11.40 12.17 13.31 12.66 11.89
11.48 11.47 11.24 11.74 11.46 12.34 13.28 12,72 11.69
1l .65 11.55 11.35 11.81 11.37 12.23 13.29 12.70 11.94
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| The columns for the different days differ considerably,
in some cases. But, that is to be expected, as the mean temp-
erature of the different days are sure to differ. What we are
concerned with primarily, is the relation of the figures in a
column, and whether the presence of manure causes a higher
temperature to be maintained. One of the most apparent things
about the figures in this preliminary experiment is the way in
which they vary. We have applied corrections that these read-
ings may be on the same basis with regard to heat radiated
from the outside, but 1t does not appear to have improved
matters. VWe had a sensitive instrument, and the telescops .
made it possible to read to a tenth of a millimeter, yet the
method as used in this experiment has been shown to be defective.
One of two things is evident. Either the temperatures are con-
tinually changing and do not conform to any definite law, or the
appaiatus as used diad ﬁot read temperatures any more accurately
than the cdmmon glass ﬁhermometer. The former is very improbable.
The following results are derived from the tables of
corrected readings, by striking an average between those of

the checks each day.






Total Average.
No!Tons. 5 tons. 10 tons. 15 tons. 20 tons. 25 tons. 30 tons.

12.06 11.96 11.7%7 11.78 11.78 12.11 12.28
11.92 11.91 11.88 11.88 11.983 12.02 12.09
10.92 10.91 10.88 10.89 10,96 11.58 11.20
10.61 10.61 10.69 10.70 10.66 10.88 11.02

10.04 10.04 9.92 9.90 10.10 10.16 10.25
9.56 9.51 9.62 9.62 9,68 9.91 9.82
8.37 '8.23 8.56 8.46 8.56 8.52 8.54

11.45 11.55 11.59 11.61 11.62 11.67 11.71
11.27 11.34 11.33 11.48 11.40 11.44 11.49
10.42 10.23 10.27 10.25 10.34 11.35 11.33
11.33 11.39 11.40 11.42 11.51 11.50 11.54
11.28 11.35 i1.37 11l.44 11.47 11.53 11.56
11.37 11.36 11.31 11.30 11.40 11.44 11.52
11.06 11.10 11.13 1l.14 11.22 11.28 11.29
11.56 11.54 11.57 11.38 11.68 11.72 11.77
11.39 11.35 11.26 11.26 11.33 11.41 11.41
12.14 12.14 12.09 12.07 12.14 12.22 12.28
13.21 13.18 13.18 13.03 13.32 13.33 13.28
12.51 12.50 15.52 12.55 12.62 12.65 12.71
11.70 11.723 11.70 11,74 11.80 11.82 11.83
. . ?24.04 223,90 ~225.32 - 228.B&8 228,91
11.20 11.20 11.20 11.20 11.26 11.42 11.44
6l.7° P ®Bl.7°F. 61.7°F. 61.7°F. 61.9°F. 62.2°F. 62.3°F.

Below the l1line we have the total, the average feadinga
in centimeters and the corresponding temperature. The corres-
vonding temperatures were worked out for the entire range from
freezing point up. They were determined for pqints about five
degrees apart. In determining a point, a good glass thermometer
and one of the couples were placed together in a well mixed
lot of water so handled as to be of constant temperature for
two or three minutes. During that time, the readings of galva-
nometer and of the glass thermometer were carefully taken.
With this data at hand, a curve was plotted between centimeters
of deflection and temperature on cross-section paper. The

corresponding temperatures given above were taken from the curve.
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In the later work, a temperature scale was worked out and the
readings were temperatures.

These results show no rise of temperature due to the
presence of five, ten or fifteen tons of fresh horse manure to
the acre over that maintained by the soil that had no manure
added to 1t., With quantities equal to twenty, twenty-five and
thirty tons to the acre, there has been a slightly higher
temperature maintained.

In the face of all imperfections, this experiment was an
experience that made the fellowing work possible. In itself,
it is only valuable in so far as it confirms the later and

more accurate work.

Perfecting the Method.

From the results of the preliminary experiment, it was
evident that the method was not under perfect control.
Accurate work must be done, and therefore the method must be
perfected. Accordingly, our time for the next six months was
employed in studying the method, and seeking to eliminate fram
our apparatus all factors of error. The result was the apparatus
acco:ging to the following outiine, going into use during the

last week of 1905,

Our Apparatus.
The galvanometer used in the remainder of this investiga-
tion was manufactured by Leeds and Northrup Co., Philadelphia,
Pa., It has an internal resistance of 134 ohms. This resistance

is below the ideal, but as the instrument has been very carefully
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made, no error was detected that could be assigned to l1ow
regsistance. Its sensitiveness was tested as follows: The

diagram shows the set up of apparatus. G is the galvanometer.

. R is a constant additional resistance

R
| o “ in the galvanometer circuit of 100,000
b
_P L Q) ohms. The battery had an internal
¢ E.M.F. of about two volts. P and Q
battery

were resistance boxes with P+Q always
equal to 1,000 ohms. The scale on the galvanometer was set
so that the zero point was exactly in the center and over the
bar, The scale was then made rigidly perpendicular with the
telescope. The parallax was marked out of the telescope, and
the scale and telescope were together turned so that the mirror
appeared exactly in the center when l1ooking through the tele-
BCOpSe. The suspension was now turned so that zero would coin-
cide with the cross hairs in the telescope. Beginning with a
resistance of 10 ohms in @ the resistance in Q was increased
10 ohms at each reading, also changing P so that P+Q was always
equal to 1,000 ohms. The E.M.F. in the galvanometer circuit
began with Q times 2 = ,02 of a volt. In the following

+
readings, it was multiplied by 2, 3, 4 etc. The results were:

Resistance
in Q E.M.F. Current strength. Deflection.
10. .02 +0000019%7 8.5 mm.
20, « 04 «00000394 17.0 =
30. «06 «00000592 25.6 ¢
40, .08 «00000789 33.8 *»
50. «10 « 00060986 42.3 "
60, .12 .0000R184 50,9 "
70, 14 «00001381 59.2 *
80, «16 .00001578 87.7 *®
90, .18 «00001775 76.3 *

100, «20 . 00001972 84.9
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A close examination of the readings shows that they do
not vary more than .3 mm. from a regular series with 8.5 mm.
as the difference. At 100 ohms resistance in Q, the reading
is 84.9. This is almost exactly 10 times 8.5. The personal
factor in reading may amount to as much as .3 mm. From these
figures, it is seen that a current of .0000023 will move the
swinging parts so as to indicate 1 mm. on the scale.

When it came time to calibrate the instrument, it was
found that nearly tihie whole scale was needed to get the range
of temperature desired. Taking out the lower suspending parts,
the upner suspending wire with the swing parts were turned to
the left 20 cem. on the scale. The lower suspending parts were
then replaced and adjusted until the swinging parts were once
more at 20, This took the twist out of the suspending parts,
and gave us a zero at 20. This also gave a range oﬁ the tempera-
ture scale from freezing point to 87° F.

After the scale was worked out and the couples standardized,
it was desired to determine the}imit of accuracy. The electric
thermometer was then found sensitive to .02° F and reliable
to .05° F. Then all the reading in the experiments that

followed were taken, making no attempt to read closer than .05° F.
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'The arrangsment of parts as finally

‘}i/ adapted is accoriinc to the diagram, - t ik
: only that the line wires are vastly ;
longer. A is the galvanometer. B 1is |
a test tube corked and filled with

' coal oil. ¢ is a can having a cover

fitting over it. It was filied nearly

full of distiiled water and frozen. Then a
hole was melted out of the center of the ice with a hot iron,
a little larger than the test tube B. The hole in the ice was
filled with distilled water, the cover placed on the can, and
the can packed in ice in the jar D. Any ice will do to pack
the can in, as it simply keeps the distilled water ice on the
inside from thawing out. The jar D can noW be packed in a snow
bank, if the experiment is running during the winter, or in the
summer it may be packed in ice in a fiber pail and set in a
well: ieed refrigerator when not in use. By this means, our
standard freezing point is kept from day to day. When it comes
tine to take a set of readings, the jar is set on a shelf near
the test tube B, which is always in the circuit. The 1id is
taken off the can, and B is inserted in the distillied water
surroundsed by distilied-water ice. It will now take 20 minutes
for the kerosene in the tube to take the freezing point. (our
practice has been to set the couples before breakfast and take

the readings after.)
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It will be noticed that two thermocouples are located in B.
The l1ine wires from A to B are both copper. The intention
here is to have the junctions with the galvanometer so related,
that where there is a thermocouple giving a certain electro-
motive force, there will be another of equal power set against
it, so that the resultant electromotive force will be zero.
Then if the temperature of the different parts of the galva-
nometer is the same, there is no error from this source. At B,
the end of one of the copper line wires is carefully twisted
and soldered to the end of an iron line wire. The end of the
other copper line wire is likewise secured to the end of an
radvance" line wire. Through the cork in the test tube B,
there are two glass tubes passing down into the coal oil. The
copper-iron couple is passed down through one, and the copper-
advance couple is passed down through the other. The wires
in the tubes are held apart by slivers of wood, thus preveniing
any connection except at the soldered junctions. The iron and
advance 1line wires have their other ends amalgamated, and dip
into mercury cups on E. F is a thermocouple 1like those located
in the experiment jars. The ends of the elements are carefully
amalgamated and dip into the mercury cups. The iron 1ine wire
and iron element dip into the same cup, likewise the "advance"
line wire and the "advance®" element dip into the other mercury
cup. Br this means, two equal but opposite souples are pro-
duced in a mercury cup, and for example the electromotive
force generated in the iron-mercury couple will be neutralized
by that produced by the mercury-iron couple.

Considering the eircuit as a whole, all the electromotive
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force that¥ effects to produce current is generated by the
temperature couple F, as contrasted with the two couples in B.
Because the mercury cups are moved from place to place and
connected up with one temperature couple at a time, the length
of thg line wires remain the same and therefore the resistance
of the circuit is a constant. As the temperature of the
couples in B 1is constant, the resultant electromotive force
of the circuit depends solely upon the temperature of the
temperature couple F, and since the current equals the E.M.F,
divided by the resistance, the curremt is also dependent upon
the temperature of F. The deflection of the galvanometer
depends upon the current, and therefore dspends entirely upon
the temperature of the temperature couple.

Forty iron-advance couples were made each 1like any other,
80 far as could be told. To make a couple, about eight inches
of iron and the same length of "advance" wire were taken. One
end of each of the two wires were carefully twisted together
and soldered. This junction was passed down through a four-
ineh piece of glass tube, so that the soldered junction was just
outside. This end of the tube was filled with sealing wax.
The wires in the tube were held apart by slivers of wood and
the tube was filled with paraffin. The loose ends of the
elements were bent so that, when the glass tube is inserted
in the soil, the tips of the elements would be just right to
dip into the mercury cups as described above. A glued strip
of paper reached between the wires and held them at the right
distance apart. The tips were now carefully amalgamated and

the couple is finished.



_.24...

The next task is to calibrate the instrument and determine
the relationship between deflection and temperature. To do
this, one of the couples was taken as a standard. It was‘put
in water in a beaker which was surrounded by water, and with
the thermocouple was placed the best glass thermometer in the
laboratory. Before proceeding, the accuracy of this glass
thermometer was tested. The temperature of the water in the
beaker was 80 regulated as to be constant for two minutes, and
during that time the deflection of the galvanometer was watched.
In this way a definite galvanometer reading was obtained for
temperatures about five degrees apart. If not certain, the
experiment was repeated until sure of regulte. From these
results, a curve was plotted between centimsters on the scale
and temperature. With the curve and other data at hand, a
temperature scale was made on a strip of drawing paper. This
paper was then glued to a piece of wood of the same size as
the original scale, and took its place on the galvanometer.
Results were now checked by comparing these readings with those
on our standard glass thermometer. When properly adjusted,
the next step is to standardize the remaining 39 couples, i.e.
to dstermine how much higher or lower a reading with one of them
would be than with the couple originally taken as the standard.
It was found that eight of the 40 couples were exactly
together, and that the othasrs needed slight corredtions. This
correction was determined as follows: Twenty of the couples,
including the standard, were placed in a jar of water at room

temperature, and held in position by a large cork. The jar
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was surrounded by water also at room temperature. Four
series of temperatures were taken with this lot in the same
order, and an average of the four readings was considered
the temperature as indicated by each couple under question.
The experiment was repeated with the remaining twenty couples
and the standard. (21 couples) On another day when the
room temperature was considerably different, the experiment
was repeated to determine whether the correction was a con-
stant at different temperatures. It was found to be practi-
cally so. For convenience, the correction was then placed on
' the paper portion of the couple. Then in the future when
reading with one of these couples, the standardized reading

could be obtained directly from the apparent reading.
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Table of Corrections.

No. Cor,. No. cor. No. Gor,. No. cor.
1. oo 11- +005 210 -025 310 "005
2. —ol 120 --05 22. '005 320 "01
3. +01 13- -005 230 -015 33 +015
4. "005 14. oo 24. -.25 540 +02
50 00 150 "055 250 —015 350 +005
6. . oo 160 oo 26- -015 360 "015
7. +01 170 -.05 27. -005 370 "‘ol
80 -025 180 "02 28. +o°5 380 +015
9. -.235 19. .0 29. -.05 39. =—15
100 +005 200 +005 30 A ‘02 400 00

The corrections just given are expressed in dsgrees F.
and carry the proper sign. No. 1. was taken as ithe standard
couple and used to work out the temperature scale on the‘galva-
nometer. The readings of all other couples are refprred to
its readings, hence the corrections. It will be noticed that
numbers 5, 6, 14, 16, 19 and 40 needed no correction. i.e,
the temperatures 1ndicated.by them were the same as those
indicated by No.l. On the other hand No. 2 reads a tenth of
a degree too high. The standardized readings in the experiments
that follow are the appareﬁt readings with the corrections
applied. ?That puts all the readings on the same basis as though
they had been made by couple number one, but it enables us to
have a couple in each jar that has the temperature of the jar

at all times and can be read at any time.
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Second Experiment.
In this and the following experiments, the measuring
apparatus is as has just been outlined. The jars in this

experiment were set on a basement floor against the wall.

1 20 r 19 f IR U R v 16 15
% 2 %p.tons = $sLons. ' 34, tons. \co tons, A\ &0. cons/ S‘otons 3o. Wnsj

- - N ‘>
N - -

-
| %0.tons, 3o.ton5, éo.tons. i
\ AN /

\ { 6 5 ( 2 \ :
\‘&:"tm& / f‘\\?o.tons. (30 tons. ) zotons Y/c) com)' , tons /

13, 120y 11\ 10
T Seons. ‘\“"w“& J C-tins. L o.tons.

V4 /
- s L \ N

d-4 is the wall of the room. a, b and ¢ are supﬁorts for
a case of glassware. e is a window set on @he floor on edge
to shield the jars from the radiated heat of the steam pipes
in the direction of h. The numbers of the jars in the diagram
" show the arrangement on the floor and will aid in explaining
a number of points in the following tables. In this set there
are ten different experiments. Jars 1 and 11, are duplicates
and contain no manure. The numbers having the same unit's
figure in each case are the duplicate jars.

After the jars were made up and the couples planted,
a dust blanket was maintained on the surface to help in

preventing evaporation and therefore loss of temperature.
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General Conditions,

In this experiment, the weight of the soil was in each
case eighteen pounds, and it contained 2.79 pounds of moisture
per jar at the opening of the experiment. Horse manure was
used. In all the jars except 9, 10, 19 and 20 it was fresh
from the stables. In 9 and 19, the manure had been fermented
7 days, and in the case of 10 and 20 the manure had been
allowed to ferment 14 days. The manure was mixed with the
g80il in all cases except 8 and 18. 1n these two cases it was
put in a single layer just under the junetion of the coupls.
The following table sets forth the other features.

No. Wt. of Wt. of Tons Moisture Total wt. Total Total wt. Loss

jar. manure. per A. in manure. of mois- at of
Jar. ture. end. moisture

l. 8.9 0.0 O. 0,00 26,9 2.79 25.50 1.40
2., 8.3 0.3 10. 0.22 26.6 3.01 25.00 1.60
3. 8.3 0.6 20. 0.45 26.9 3.24 24,85 2,05
4, 9.1 0.9 30. 0.6%7 22.0 3.46 26,10 1.90
5. 9.1 1.2 40, 0.80 28.3 3.68 26,30 2.00
6. 8.7 1.5 50. 1.12 28.2 3.91 86,00 2.20
7. 8.6 1.8 60. 1.34 28.4 4,13 26.40 2.00
8. 8.2 0.9 30, 0.67 27.1 3.46 25.65 1.45
9., 8.7 1.2 40, 0.91 7.9 3.70 26.25 1.65
10. 8.2 1.2 40, 2.76 27 .4 355 25.70 1.70
1. 8.8 0.0 O. 0.00 26.8 2.79 25.40 1.40
12. 8.9 G.3 10. 0.22 27.2 3.01 #5.55 1.65
.13. 8.4 0.6 20, 0.45 27.0 324 25.25 1.75
14, 8.5 0.9 30. 0.67 27 .4 3.46 25.75 1.65
15. 8.1 1.2 40, 0.87 27.3 3.68 25.4 1.90
16. 8.7 1.5 50. 1.12 28.2 3.91 26.3 1.90
17. 9.0 1.8 60. 1.34 28.8 4,13 26.85 1.95
18, 8.4 0.9 20, 0.67 27.3 3.46 25.80 1.50
19. 8,5 1.2 40, 0.91 7.7 3.70 26.00 1.70
20, 8.6 1.2 40, 0.76 27.8 3.55 26.25 1.55






18.
19.
20.

No.

1.
2e
Se
4.

6.

7.

8.

9.
10.
11.
1z.
13.
14.
15.
16.
17.
18.
19.
20,

70.80
70.80
70.95
70.90
70.85
70.70
73.60
73.25
71.55
71.95
70.85
70.50
70.60
74.15
73.70
73.45
74.55
74.40
70.95
72.20

1/1/08

73.00
73.75
73.75
74.85
75.35
75.35
73.60
73.30
72.70
73.30
72.90
73.25
73.65
71.55
71.70
72.40
72.75
72.60
72.55
73.05
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~ standardizied Readings. (First week)
No. 12/27/05 12/28/05 12/29/05 12/30/05 12/31/05

71.90
72.20
72.30
73.25
73.70
73.60
72.25
71.65
71.35
71.95
71.35
71.55
71.75
70,60
70.85
71.40
71.50
71.30
71.10
71.30

69.40
70.80
71.00
70.85
70.75
70.90
73.40
73.05
71.70
72.05
70.75
70.45
70.55
73.90
73 .20
73.45
72.70
73.75
72.30
72.25

70.95
71.15
71.25
70.90
70.80
71.00
73.25
73.15
72.50
72.85
71.30
71.00
71.15
73.95
73.50
73.90
74.30
73.95
7275
78.75

Second week.,

1/2/06
72 .90
73.70
73,70
74,85
75.20
75,20
73,40
73.00
72.75
73.45
72.95
73.25
73.65
71.50
71.95
72.40
72.75
72.60
72.80
73.06

1/3/06

75.30
76.20
76.70
77.90
78.30
78.30
75.70
78.35
75.20
75.85
75.55
75.85
76.55
74.10
74.35
74.70
75.05
75.20
75.30
75.95

73.10
73 .70
74.10
74.85
75.15
75.20
73.70
73,10
72.95
73.45
72.75
72.95
73 .45
72.00
72 .45
73.10
73.20
73 .40
72 .65
73.10

1/4f06

71.75
72.30
71.90
73.15
73,50
73.60
72.40
72.05
72.25
72.75
78.25
72.50
72.65
7G.50
70.65
71.40
71.90
71.95
72.40
78.55

1/5/06 1/6/06 1/7 /06

7G6.95
71.75
71.40
72.55
72.75
72.50
71.10
71.00
71.05
71.85
71.25
71.25
71.35
69.70
69.75
70.40
70.85
71.40
71.75
71.10

70.70
71.15
71.65
72.70
72.85
72.65
70.75
70.70
70.75
71.35
71.15
71.30
71.35
69.40
69.70
70.00
70.40
71.10
71.10
70.85

71.50
72.40
72.50
73.20
73430
73.40
71.30
71.55
71.55
72.15
71.85
72.25
72.15
70.00
70.15
70.60
70.85
71.40
71.20
71.05
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Standardized Readings.

Third Week.
No. 1/8/06 1/9/06 1/10/06 1/11f/08 1/12/06 1/13/06 1/14/06

1. 73.75 69.50 69.10 70.60 73.40 72.95 74.00
2. 74.55 70.40 69.85$ 71.20 73.90 73.60 74.70
3. 74.90 70.40 69.80 71.60 74.60 74.05 75.35
4., 75.55 70.95 70.35 72.10 74.95 74.65 73.85
5. 75.90 71.05 70.30 72.25 75.30 74.95 76.24
6. 75.80 71.05 70.40 72.30 ,75.25 75.10 76.30
7¢ T73.70 69.50 69.20 70.35 73.00 72475 73.70
8. 73.75 69.95 69.50 70.70 73.15 72.95 73.85
9. 73.65 69.95 69.60 70.45 7295 72.95 73.75
10. 74.40 70.55 70.15 71.085 73.65 73.70 74.55
1l1. 74.00 70.15 69.55 70.95 73.55 7335 74.35
12. 74.35 70.25 69.65 71.15 73.85 73.75 74.85
13. 74.60 69.685 69.30 71.20 74.15 73.85 75.25
14. 78.25 67.90 67.65 68.95 71.65 70.50 72.40
15. 72.55 68.35 67 .85 69.80 71.75 70.85 72.35
l16. 72.95 69.00 68.70 69.60 72.00 71.50 72.70
17. 73.30 69.35 69.05 69.85 72.15 71.80 72.95
18. 73.50 69.90 69.50 70.70 73.10 72.60 . 73,70
19. 73.50 69.75 §9.80 70.40 72.80 72.65 73.70
20. 73.85 69.05 69.80 70.45 73.35 72.95 74.30

Fourth Week
No. 1/15/06 1/16/06 1/17/06 1/18/06 1/19/06 1/20/06 1/21/06

1. 75.10 72.90 73.10 72.45 72.15 75.20
2. 75.40 73.30 73.60 73.00 72.70 75.70
Se 76.35 73.75 73.95 73.40 73.20 76.30
4. 76.75 74. 00 74.35 73.70 73.55 76.65
5. 77.15 78.25 74.60 73.90 73.80 77.05
6. 77.25 74.40 74.85 74.00 73.80 77.15
7 74.60 72.60 72.80 73.30 71.80 74.65
8. 74.55 72.85 73.05 72,50 72.05 74.65
9. 74.25 72.65 72.90 72.50 72.00 74.80
10. 75.05 73.30 73.70 73.25 72.70 73 .35
11. 75.05 73.10 73.35 72.85 72.50 75.30
1z2. 75.50 73.45 73.60 73.15 72.85 75.65
13. 76.05 73.45 73.35 73.10 72.90 76.05
14. 73.50 71.40 71.50 71.05 70,65 73.45
15, 73.30 71.55 71.65 71.25 70.85 78.30
1s. 73.40 71.80 71.90 71.60 78.20 73.65
17. 73.50 71.95 72.15 71.90 71.25 73.85
18. 74.30 72.80 72.80 72.60 72.05 74.65
19. 74.30 72.75 72.80 72.50 72.05 74.70

20, 75.05 72.75 72.60 72.50 72.25 78.25
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standardized Readings.
Fifth Week.

No. 1422406 1425 06 1424{06 1425406 1426406 1427406 1428406

1. 9.10 6.60 -74.10 73.1 73.8 736 75.1

2. 79.55 76,90 74.50 73.50 74,10 73.70 74.80

3. 80.10 77 .30 74.85 73.90 74 .65 74.15 75.70

4, 80.30 77.70 75.15 74,10 74.90 74.40 75.80

Se 80.80 77.90 78.35 74.25 75.10 74,70 76.20

6. 81.10 78.30 75.45 74 .40 75.30 74.90 76.20

7. 78.40 76.45 73.70 72.50 73.30 72.95 74.10

8. 78.75 76.45 74.10 73.05 73.65 74.25 74.40

S. 78,.50 76.45 74.10 73.00 73.70 73.05 74 .05

10. 79.25 77.10 74.70 73.65 74,55 73.80 74.85

11. 79.10 76.75 74 .45 73.55 74 .25 73'80 75.10

12, 79.70 77.15 74.70 73.75 74,55 74,05 75.25

13. 79.95 77 .40 74,65 73.75 74 .80 74.05 73.35

14. 77.20 74.95 72 .45 71.16 71.90 71.65 72.85

15. 77.35 75.20 72.75 71.75 72.30 71.65 72.75

16. 77.50 85.35 73.20 72.20 72 .80 72.20 73.10

17. 77 .65 75.75 73.45 72.40 73.10 72.35 73.35

18. 78.35 76.30 74.10 73.25 73.80 73.15 74.10

19. 78.55 76.50 74,00 73.15 73.80 73.25 74.15

20, 79.10 76.85 74.10 73.20 74.05 73.45 74.55

The readings just given are the actural temperatures at the

center ~of each jar each day at about 7-30 A.M. They are in the
rough, but a number of things can be observed from them as they are.
The arrangement of the jars is given on page 27. It was noted that
there is a radiation coming from the dAirection of "h". For this
reason, the jars at this end of the line should be warmer. They
are, If the increase of temperature was entirely due to increas-
ing quantities of manure, No. 7 would be warmer than No. 6, and
No. 14 would be warmer than No. 13. The reverse is true. The
jars in the front row have two reasons for being continuously
warmer, vis. increasing quantities of manure, and coming nearer
the source of radiated heat., In the second row, 7 to 10 have
irregular quantities of manure, but jar No. 11 has no manure.
Although nearer the source of radiation, No. 11 is in general

not warmer but colder than No, 10. This shows that there is an
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influencs due to the manure. In order to determine how
great this effect is, it is first necessary to determine what
the temperatures of the jars would have been could they have
occupied the same position. This was worked out for each
week, and No. 10 was taken as the point of referencs. The
average difference of temperature for the week between each
pa®r of check jars was taken as the difference of tenmperature
between them according to position. With this data, and the
nearness to the source of radiation it is possible to find the
average amount that each jar is warmer or colder than No. 10
during the week. When these corrections are applied to the
rgtandardized readings®* the results become those "corrected

according to positionr.

corrected According to Position.
First Week.
No. 12/27/05 12/28f05 12/29/05 12/30/05 12/31/05

1. 71.90 70.50 72.05 74,20 73.00
2 71.45 71.45 71.80 74.35 72.85
Se 71.45 71.45 71.75 74.60 72.80
4, 71.20 71.15 71.20 75.15 73.65
5. 71.15 71.05 71.10 75.45 74.00
6. 70.95 71.15 71.25 75.45 73.85
7. 73.00 72.80 72.75 73.10 71.65
8. 72.85 72.65 - 72.75 72.70 71.256
9. 72.00 72.15 72.95 73.80 71.80
10. 71.95 72.05 72.85 73.45 71.95
11. 71.80 71.70 72.25 73.70 71.30
12. 71.60 71.55 72.10 74.05 72.65
3. °'71.50 71.45 72.05 74.35 72.65
14. 73.70 73.45 73.50 71.55 70.15
15. 73.50 73.15 73.25 72.20 70.60
1s6. 72.90 72.90 73.35 72455 71.15
17. 74.00 72.15 73.65 72.65 70.95
18, 73.50 73.85 73.05 72.50 70,40
19. 71.45 72.80 73.25 73.15 71.60

20, 72.35 72.40 72.90 73.25 71.45



No.
1.

3.
4.
5.
6.
7o
8.
9.
10.
11.
1z2.
13.
14.
15.
16.
17.
i8.
19.
20.

No.

2.
3.
4.

6.

7.

8.

9.
10.
11.
12.
13.
4.
15.
16.
17.
18,
19.
20.

1/1/0s

73.15
73.55
73.55
74.10
75.60
75.60
74.90
73 .85
73.00
73.40
72.90
73.25
73.45
74.05
73.80
74.30
74.35
73.55
72.90
73.50

1/2 /06

73.05
73.50
73.50
74,10
74.45
74.45
74.70
73.80
73.05
73.45
72.95
73.25
73.45
74.00
74.05
74.30
74.35
73.55
73.15
73.50

1/8/06 1/9/06

74.00
74.25
74.50
74.7C
75.05
75.15
75.00
74.55
- 73.95
74.40
74,00
74.10
74.40
74.60
74.60
74.60
74.90
74 .45
74.10
74.30

69.75
70.10
70.00
70.10
7C.20
70.50
70.80
70.75
70.25
70.55
70.15
70.00
69.45
'70 ‘25
70.40
70.65
70.95
70.85
70.35

69.50
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Second We
1/3/06

75.45
76.00
76.50
77.15
77.55
7755
77.00
76,15
75.50
75.88
75.55
75.85
76.35
76.50
76.45
76.60
76.65
76.15
75.65
76.40

ek.

1/4/06

71.90
72 .10
71.7GC
72.40
72.75
72.85
73.70
72.85
72.55
72.75
72.25
72.55
72.45
73.00

72.75
73.30
72.50
72.90
72.75
73.00

Third Week.
1/10/06 1/11/06 1/12/06 1/13/06 1/14/06

69.35
69.55
69.40
69.50
69.45
69.85
70.50
70.70
89.90
70.15
69.55
69.40
69.10
70.00
69.90
70.35
%0.65
70.45
70.10
70.25

70.85
70.90
71.20
71.25
71.40
71.75
71.65
71.50
70.75
71.05
70.95
70.90
71.00
71.30
71.35
71.25
71.45
71.65
72.00
70.90

1/5/06

71.10
71.55
71.20
71.80
72.00
71.75
72 .40
71.80
71.35
71.85
71.25
71.25
71.15
72.20

71.85
72.30
72.45
72.35
72.10
71.55

73.65
73.60
74.20
74.10
74.45
74,70
74.30
73.95
73425
73.65
78.55
73.60
73.95
74.00
73.80
73.65
73.80
74,05
73 .40
74.80

1/6/06

70.85
70.95
71.45
71.95
72.10
71.90
72.05
71.50
71.05
71.35
71.15
71.30
71.15
71.90
71.80
72.00
72.00
72.05
71.45
71.30

73.20
73.30
76.65
73.80
74.10
74.55
74.05
73.75
73.25
70.70
73.35
73.50
73.65
72.85
72 .90
73.15
73.50
73.65
73.25
73.40

1/7/0s

71.65
72.20
72.30
72.45
72 .55
72 .65
72.60
72.35
71.85
72.15
71.85
72.25
71.95
72.50
72.20
72.50
72.45
72.35
71.55
71.50

74 .25
74.40
74.95

.75.00

75.40
75.75
75.00
74 .65
74.05
74.55
74.35
74 .60
75.05
74.75
74.40
74.35
74.55
74.65
73.30
74.75
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h Week
No. 1/15/06 1/16/06 1/17/06 1/18/06 1/19/06 1/20/06 1/21/06

1. 75.20 73.05 73.25 72.60 72.30 75.35
2e 75.20 73.10 73.40 72.80 72450 75.50
3. 75.95 73.35 73.55 73.00 72.80 75.90
4. 76.15 73.40 73.7 73.10 72.95 76.05
e 76 .40 73.50 73.85 73.15 732.05 76.30
6. 76,50 73.65 73.90 73.25 73.05 76.40
T 7. 75.95 73.95 74.15 73.65 73.15 76.00
8. 75.60 73.90 74.10 73.55 73.10 75.70
9. 74 .80 73.20 73.45 73.05 72.55 75.35
10. 75.05 73 .30 73.70 73.25 72.70 75.35
11. 75.00 73.05 73.30 72.80 72.45 75.25
1z2. 75.45 73.45 73.55 73.10 72.80 ©5.60
13. 76,00 73.40 73.30 73.05 72.85 *76.00
14. 75.85 73.75 73.85 73.40 73.00 75.80
15. 75.70 73.95 74.05 73.85 73.25 75.70
16. 75.6C 74,00 74.10 73.80 73.40 75.85
17. 75.55 74.00 74.20 73.95 73,30 75.90
18. 75.40 73.90 73,90 73.70 73.15 75.75
19. 74.80 73.55 73.30 73.00 72.55 75.20
20.- 75.50 73.20 73.05 72 .95 72.70 75.70

Fifth Week.
No. 1/23/06 1/23/06 1/34/06 1/25/06 1/26/06 1/27/06 1/28/06

1. 79.30 76.80 74.30 73.30 74.05 73.75 75.30
Do 79.50 76.85 74.45 73.45 74.05 73.65 74.75
3. 79.75 76.95 74.50 73.55 74.30 73.80 75.35
4. 79.75 77.15 74.60 73.65 74.35 73.85 75.25
5. 79.90 77.00 74.45 74.35 » 74.20 73.80 75.30
6. 80.15 77.35 74.50 73.45 74.35 73.95 75.25
7o 79.60 77.50 74.90 73.70 74.50 74.15 75.30
8. 79.90 77.60 75.25 74.20 74.80 74 .40 75.55
9. 79.05 77.00 74.65 73.55 74.25 73.60 74.60
10. 79.25 77.10 74.70 73.65 74 .55 73.80 74.85
11. 79.05 76.70 74.40 73,50 74,20 73.75 75.05
12. 79.35 76 .80 74.35 73.40 74.10 73.70 74.90
13., 79.70 77.15 74.40 73.50 74.55 73.80 75.10
14. 79.50 77 .25 74.75 73.45 74.20 73.95 75.15
15. 79.40 77.25 74.80 73.80 74.35 73.70 74.80
16. 79.30 77.15 75.00 74.00 74.60 74.00 74.90
17. 79.15 77.25 74.95 73.90 74.60 73.85 74.85
18. 79.35 77930 75.10 74.25 74 .80 74.15 75.10
19. 79.00 76.95 74.45 73.60 74.25 73.70 74.60
20. +79.40 77.15 74 .40 73.50 74.35 73.75 74.85
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The temperatﬁres just given are the calculatgd results
that the jars should have shown if all parts of the room could
have bcen constantly at the same temperature. Besides the
constant influence dus to the fermentation of tlhe manure, there
are & few irregularities due to accidental causes. To overcome
these, an average is taken between the checks each day..
ﬁesides this, the average temperature of the jars as a whole
varies from day to day. Now in order to get the average effect
of the manure maintained throughout the experiment, a "total
average" is struck. That is an average of the daily averages
for each pair of jars.

In the table that follows, the results in a column are the
daily averages of the corrected temperatures for the check jars
at the head of the colum. The first column at the left are
the jars with no manﬁre. Following are those with 10, 20, etc.
tons per acre according to the experiment outiined on page .28.

| The results show: an inerease of ,15° F. for the firsi

ten tons of fresh horse manure per acre, an increase of .1° F.
for the fourth ten tons, and an increase of .05° F. for the
sixth ten tons. Those seven columns represent conditions
where the manure is mixed with the surface six inches. In the
eighth column, we have thirty tons plowed under, and the
results show it to be equal to forty tons mixed in. 1In the
remaining tio columns, the manure had been fermented 7 and 14
days before use., The results show the heatinéj;ge4o tons to be
less than that of tweity tons of fresh manure. This is also
vividly shown in the introduction. The first eight columns all
come from the same lot of manure. As the other two are collected

at different times, they are different lots.
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Total Averagce.

1 & 11 2&12 3%13 4&14 5&%15 6416 7&17 8x1lé& 9%19 10&20

71.85 71.52 71.47 7£.45 72,32 71.92 73,50 73,17 71.72 7°.15
71,10 71.50 71.47 72.30 72.1C 72.02 72.47 T3.025 TR2.47 T2.2
72.15 71.95 71.95 TT.E5 72,17 72,30 73,20 72.90 73.10 72.87
73.95 T4.00 TAAT T5.55 T3.687 TALLC T2.S5  T2.6C 73.27 73.85
72.15 72.75 72.72 71.9C 72 630 75405 1.0 70u.85H 71,70 7LL.UO
75,02 TZ.AQ  73.50 TA07 74,70 74,95 TA60 TE.NC TR.95 73,40
73,00 TE.RT THGAT TALGH AR T4,77 0 74,52 73.87 72,100 73.47
75.50 75,92 T6.42 THE.E2 U700 77,07 76,82 ToJl5 TD.RT O U5.00
70,07 T2.3°  TPL,U7  T2.70 vh."b 73,07 73,10 72.87 72.65 7T0.E7
71.17 71.40 71.17 72.00 71.92 %72.63 72.42 72.07 72.92 71.70
71.00 71.12 71,320 71.92 71.95 71.95 72.02 71.97 71.25 71.32
T1.75 T2.208 72,12 TLJ.AT  TSLET 72,57 TS.52  72.35 71.70 71.82
74,00 74,17 T4.45 TA.B5 TA.82 TAET 74,95 TABL TAG2 TALLG
£9.95 70.05 69.72 70,17 TC.30 V0BT TULET TC.80 "30.E0 70.08
69.45 69,47 £3.25 E€5'75 69.75 70,10 70.E7 70.57 70,00 T0.5G
76,90 70.90C 71.10 71.27 71.37 71.50 71.55 57 T0ULEY  75.97
73.60 7%.60 T74.07 74.05 74.12 74.17 74.C5 74.\‘ The30 74,02
T3.27 73,40 TEEL 75070 7RS0T 77,85 73,77 TA.65  73.25 73%.Gb
74.3C 73,50 75.00 T4A.87 T4.9C TH.05 TATT  TA6S . TRLIT O TAL65
75.12 75.72 75,97 76.00 7C.05 70,05 75,75 75.50 74,80 75.07
75,05 TEJBT TELET O TR.RT T3V TALES 73,97 73,90 73.37 TE.O5
"3.27 TZ.47 ,L.49 73.60 73,95 TA4.00 VALY TALLC TRW.ZT O TRLEY
72.70 72,95 73,02 73.05 TH.AGC 73,55 TH.80 TP 62 TL.05 TH.L0
PO.ET TOLEL T L.E2  US.,97  WER,15 73,28 73,22 W3.12 72,65 70,70
75.30 75.55 75.95 75.92 76.00 T6.12 75.95 75,75 75.27 75.52
79.17 79.42 79.72 79.62 75.65 79.72 73.37 79,62 79.02 79,30
76.75 TAL82  7T.CE 77,20 77,17 77,25 77.37 7..;5 76.97 7T7.12
74.35 74,40 TAAL  TA.67  T4,.82 TALTH 74,92 75,17 74,55 74,55
73.40 73.42 73.52 73,50 74.07 75.72 U.eo 74.,, TEJET U557
7410 TALUT  TALAD  TALDPT TADT TALAT 74,55 T4.80 T4.85 T4.45
73.75 T6.87 73,80 72.90 73.75 73,97 74,00 T4,27 V3,65 73.77
75.17 74,82 75.02 T5.50 75.05 75.07 T5.07 T5.52 V460 7T4.85
2742 .T03347 . 502352.062356,.,332361.0°2364 , e 0B65.P%2361.772248,.177351.89
‘”73‘?13‘7373€"ﬁ??ﬁﬁ“?ﬁ?€§ 73.78 TZ.88 73.95 77.80 73,56 73.89
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Third Fxperiment,

With the excepticn of nurmbers 7C and 4G, ali the trsrmo-

couples that were oririnalliy made up were put into uce. Tris

exrerinent is realiy three being run at the eame tire, Tlie one

is on horse manwre, a sscond on cow manure, and a third cn s«hs3p
? b

nanure, 7The nmaibers of the creck Jars differ from one enctrer

5

by twenty. NLos. 1 and 21 are *the jars with no manure. Fcllowing

comes 10 %o ARI timz of fresh horse e per acre. Then cocrmes

p

2C to 1CO tens of resh cow manure rar acre., Following comes

T .
RESRSS

ot

10 to 60 tons of fresh shesy mAanure ver acre, 1Tha

Jar in

sach series, name ¢ are ¢ igh w manur 31re
et eries, namely 19 and 39, are straight ccw manure covered

over with a 1little dAust to lessen evapcoration,

~8 27 26 °H Y 24 \ 2z . oo

::’
. ) . e ? l
&/5 ) fotar ) 20.tosis, ' k0.Lons, Botons, Fulens, -,\30.?.0/15, flo,tonc,‘ Llo.tons. Tois
e Nooo e N - RN S
n | B 82, 83 | 34 35 4 &Koy 37 2 29
! otons, nfeotons. i o.tons. | laton,  Boloss. [ #alens, FuLo 50 tons, ' 00 o J
B N N . ~ . Lo T
i B . ’/ .A / \ d ; ’\ N - :
\ 19 /7 18 1 7N ze 15 V14 v 13 12 11 19
«oo,o, -Gatom&’.latans./\jatonaj;eaton$, Kgatons./g/arons, \Ma:ons.l §0.tons. \ Golajs, |
! \\“ ,/ N // - ~— , FEE . ;4') '\\\ // ,..}\\ . \\‘ . . AN
S / ) T NS S R T
| 1oy 3 ( 4 (5 6 Vo7 v o8 9
| .\O.tons. J\ Jo.tons. 0tons. \30. tuns, ) \g;mul' 50tons. ¢ Ga.tons. \zatona,-, ‘ %o,tons,
u \\ s ~ ) \\\ - h ‘ .. }/I ' . < \ s ’

-
Tr.e

atove ia the arrancement of the jars on the flocr,

being 3et cut as nsar tne center cf tie room as vossibie, hut

! .
N e | ;o

still receiving radiated heat from the direction of h., It will

be noticed trat tie arrancerent pleces the check jars as far

apart as po<sible and therefore gives a basis for deternining
differences of temperature on acecount of 1osition. The table
that follows sets forth the ctlnr features of the exuarirent.

The method and steus for the caluclation of results are

same as was used in tle last exuerinoent, and thereafore ars nst

cutlined here.,






Full set-up in Third Experiment.
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fonditions at (ronine of Ixperiraent, (2/8/66)

Wt.0of Wt.of Wt. of Tons Kind of Tectal wWt, i'oisture Lcisture
No. jar. soil. HHanure. per manure, of jar, 1in soil. 1in manure.
A

1. 8.85 19.0 0.0 C.0 lores  27.85 2 .24 0.0
2. 8.3 1.7 G.3 1C, " 27,30 2430 .22
3s £.3 18.4 (0,6 20, " 27 .30 ?e06 Uesd
4, 90\) 1801 009 300 " r?“(c P’;'(; C‘Gh
5. 9.0 17.8 1.2 40, " FEL LT 2419 C.87
6, 8,55 17.5 1.5 50. " 27 .55 2.15 1.09
7. 8.60 17,2 1.8 e " A .11 1.31
8, 8.25 18.4 0.6 20 Jow 27 .25 24806 C.50C
9. 8&.60 17.8 1.7 43, " 27 .66 2419 1.00
10. 8.25 17.2 1.8 60, " 27 .25 2.11 1.51
1. 8.70 17.60 7.4 80, " 27.70 2.04 2.01
12. 8.2C 1B.0 2Z.C 1G0. " 27.90 1.96 2.51
12. 8.25 18.7 0.2 1C. ;\.V\}le'jp 27.55 230 C.92
14, 8.50 18.4 0.6 20 " 2759 2.26 C.44
15. 25 18.1 0.9 3C. " 27.25 2.22 0.66
l16. 8.25 17.8 1.2 4G. " 27.75 2.19 ¢.88
i7. 8.80 17.50 1.5 50 " 27 .80 2415 1.10
18. 8.5C 17.2 1.8 6G., " 27.50 2011 1.32
19, ——== ———— ———m 1CC% Cow
210 8.60 19.0 ()QO (.C. ————— :17.6-6 2034 0.00
22, 8,55 18.7C 0.3 l¢. Horse 27.55 2430 22
2?3, 8.35 18.4 0.6 20, " 27.35 2.36 0.43
24, .30 1i8.,1 (.9 3G " 2730 P elP 0.65
25. 9.0C0 17.8 1.2 &0. " 28.G0 2.19 0.85
26, 9.10 X7.5 1.5 50. " 28.10 2415 1.09
27. 8,80 17.8 1.8 €C, " 27.80 2611 1.31
28. 8.55 18,4 0.6 20. JTow 27.55 206 0.50
29. 8.2 17.8 1.2 40, " 27.25 2.19 1.60
30. 8.45 17.2 1.8 6G . " 27.45 2.11 1.51
3l. 8.20 18.6 2.4 &C. " 27.2 2.04 2.01
32, 8,80 16,0 2.0 100 n 27 .80 J.96 2.51
33 7.90 18.7 0.3 10, Sheeyp 2690 2430 0.22
34, 8.40 12.A0 (.6 Z0. " 27.40 2.26 0.44
35, 8.70 18.1 C.9 30, " 27.7C 2.0l .66
?6. 8.?0 17.8 1.2 40, " 27.50 2419 0.88
670 80-)0 1705 105 f.)oo " ?7.30 2.15 1010
38, 8.50 17.2 1.8 60; " 27.50 2.11 1.32
39, —--= == - 10(% Gow SO .
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Standardized Readings. Tirst Week.

No. 2/12/06 2/13/06 =2/14/06 2/15/06 2/16/06 2/17/06

1. 3.30 77.75 73.85 70.80 69.60 72.85
2. 71.90 76.50 72.90 69.15 68.00 71.10
3. 71.90 76.05 72.95 69.20 68.40 71.45
4, 71.85 75.55 73.15 70.20 68.90 71.80
5. 71.35 75.00 72.80 70.35 69.05 71.55
6. 71.90 75.75 72.90 70.80 69.10 71.60
7. 70.70 74.60 72.30 70.40 69.00 70.80
8. 69.00 73,05 70.65 68.55 68,00 69.40
9. 68.75 73.15 70.40 67.85 66.65 69,00
10. 70.85 75.75 72.45 69.35 88.00 70.65
11, 71.70 76.50 3140 70.75 69.25 71.55
12, 72.35 76.75 73%.90 71.25 69.95 72.35
13, 72.95 76.00 7%.325 71.15 70.10 72.10
14, 73.05 77.00 74,20 71.40 70.40 73,00
15, 73,95 77.50 74.65 71.65 70,65 75,70
16, 74,00 79.25 75.00 71.40 70.70 73.85
17. 74.15 78.60 74.90 71.00 70.85 73.45
18, 74.65 79.00 75.00 71.50 71.00 73.95
19. 76.80 81.65 77.90 75.45 74,60 77.10
21, 72.45 77.65 73.70 69.95 65.55 72.55
22. 73.15 78.45 74,45 70.40 70.25 73.20
23, 74.10 79.20 75.30 70.95 70.95 74,10
24, 74,90 79.70 75.85 71.50 - 70.75 74,55
25. 75.80 £0.80 76,65 71.65 71.10 75.25
26,  77.05 82.45 77.55 71.80 71.20 76.20
27. 78.25 83,40 7835 73,00 72,00 76.95
28, i7.05 82.60 77.65 72.80 72.10 76.80
29, 78,05 83.60 78.50 73%.30 73%.00 77.70
30. 80.55 86.00 . 80,50 75.45 74.70 79.80
21, 78.35 83.30 78.55 @ 74.50 7%2.65 77 .55
32, 76.60 81.60 77 .05 72.50 72.00 76.00
32, 75.65 79'60 75.85 72.00 70.80 74,95
34, 75.25 79.75 76.00 72.20 70.60 75.10
35. 74,75 79.40 75.90 72.00 70.55 74.85
36, 74.50 79.10 75.80 72.55 71.00 74,60
37, 74.45 78.60 75.25 72.15 70.70 73.90
38. 73.25 78.05 74,65 71.40 70.25 73.10
39, 73.50 78.35 73.90 70.05 68.85 72.60
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Standardized Readings. Second Veek,
No. 2/19/06 2/20/06 2/21/06 =2/22/06 2/23/06 2/24/06

1. 80.00 81.05 83,00 ¥indow 78.95 82.40
2e 75.65 80.95 82.95 opened 78.55 82.15

3. 78.85 80.35 82.20 and left 77.80 81.35
4. 78.30 79.75 = 81.75 so for 77.235 80.%85
5. 77.70 79.00 80.90 seme 86.45 80.00

6. 77.30 78.60 80.55 reason, 76.10 79.65
7. 76.70 78.05 79.90 Rewadings 75.30 78.80

8. 75.25 76.70 78.85 not 74.15 77.75
9., = 74.45 75.90 78.00 gsafe to 73.45 77.10
10, 74.75 76.60 78.20 draw 74.10 77.45

11, 75.90 77.30 79.30 conclu—- 74,35 78.10
12, 76.90 78.00 80,00 sions 74.90 78.65
- 13, 76.45 77.60 79.40 from. 74.75 78.25

14, 76,20 78.20 79.95 75 .25 78.80
15. 77.80 79.00 80.85 75.85 79.60
16, 78.60 79.85 81.75 76.60 80.45
17. 79.60 70.80 82.80 77.20 81.25
is, 80,00 81.10 83.20 77.60 81.85
19. 80,80 81.90 84,40 77.60 83.25
21. 74.90 76.25 78.235 73.85 77.65
22. 75.65 77.10 79.05 74.45 78.25
23. 76,50 . 77.70 79.55 74.95 78.80
24. 76.85 . 78.00 79.85 75.05 78.90
25, 77.45 78.55 ‘80,50 75.65 79.65
26, 78.15 79.40 81.50 76.35 80,40
27. 78.95 80.30 82.40 77.05 81.15
28, 78.70 79.85 82.15 76.75 81.05
29, 79.25 80.45 82.75 77.35 81.85
30, 80,00 75180 83.30 78.05 82.60
31, 80.50 81.35 83.70 77.60 82.40
&2. 80,05 81.00 83.15 773105 81.70
32. 78.65 79.65 81.55 76.05 79.90
34, 78.35 79.40 81.20 75.95 79.55
35. 77.85 78.85 80,60 75.55 79 .40
36, 77.70 78.65 80,50 75.50 78.80
37. 77.20 78.20 80.10 74.90 78.80
.38, - 76,45 77.65 89.55 74.60 78.45

29. 75.75 77.40 79,60 74.65 78.85



17.

19.
21,
22.
23.
24,
25.
26,
27,
28,
29,
30.

- 31,

32.
3.
4.
35

38.
37.
38.
39.

2/26 /06

82.20
81.70
81.20
80.95
80,30
79.80
79.25
78.30
77 .45
77.65
78.45
79.10
78.75
79.25
80.10
806.70
81.75
82,00
84.50
77.70
78.30
78.85
79.00
79.60
80,30
81.00
80.95
81.60
82.35
82.75
82.00
81.45
80,35
79.75
79.70
79.20
78.75
79.40

-41-

standardized Readings.

2/27/06 2/28/06

81.80
81.10
80,05
79.45
78.45
78,00
77.10
76.15
75.40
75.55
76,15
76.70
76 .60
77.00
77.75
78.55
79:10
79.90
81.75
76.00
76.55
77.00
77.00
77.75
78.45
79.20
79.25
79.80

.80,40

80,20
79.40
78.15
78.00

-77.45
77.30

86.65
76,30
77.35

73.30
73.10
72.70
72.55

2.10
71.60
79.75
89.75
62.05
69.10
62.75
70.35
70.55
70.95
71.40
71.70
71.80
71.75
81.20
69.45
69.85
70.35
70.55
70.85
71.25
71.60
71.40
71.70
72.20
70.65
71.40
71.05
70.25
71.15
71.20
70.60
70.00
70,05

3/1/06

77.80
77.40
76.70
76.30
75.50
75.10
74.35
73.30
72.60
72.80
73.40
73.90
73.85
74.40
74.95
75.70
76.20
76.80
78.80
73.20
73.65
74.05
74.20
84.85
75.50
76.15
86.15
76.75
77 .40
77.20
76.45
75.55
75.40
74.85
74.70
74.00
73.70
74.45

Third Veek.

3/2/06

82.00
81.60
80,55
79.90
79.10
78.55
77.80
76.65
75.95
76.15
76.90
77.35
77‘25
77.80
78.50
79.25
80,048
80.80
83,40
76.40
77.15
77 .45
77.60
78.20
78.90
79.75
79.75
80.25
81.00
81.15
80.25
79.10
78.75
78.10
77 .80
77.15
76.95
78.10

3/3/06

82.15
81.20
80.35
79.75
79.10
78 .50
77.75
76.90
76.10
76.35
77.10
77.70
77.35
78.10
78.65
79.30
80,05
81.20
83.45
76.55
77.25
77.55
77 .50
78.15
78.85
79.45
79.15
79.60
30.45
80,85
50.10
79.00
78 .65
78.20
78.20
77 .50
77..25
77 .85



No.

1s.

24.

28,
29.
30.
3l.
32.
33.
4.
35.
36.
37.
38,
39.

z/5/06

68.00
67.75
67 .40
67.20
66,90
66.30
66.10
65.20
64,40
64.10
65.20
66.25
66,30
66.60
66,70
66.60
66.75
66,75
60,70
63.25
63.75
63.95
64,30
64,00
63.75
63.90
63.50
63.15
63,00
64.65
64.75
65,65
65.65
65.75
65.95
65.80
65.15
63,90

Standardized Readings.

3/6/06

70.25
89.75
69.60
69.30
69,35
68.75
68.35
67.45
66,95
67.05
67.70
68.50
68.70
69.20
69.60
69.65
70.20
70.25
71.95
67.20
67.60
63.35
68.70
69.10
69.45
69.90
70.05
70.45
70.95
.71.05
70.00
70.15
69,90
6S.65
69.85
69.25
69.25
69.25

—49-

3/7/06

71.10
70.65
70.40
70.15
70.10
69.45
69.10
68.20
67 .65
68.00
68.60
69,40
69.65
70.25
70.65
70.75
71.45
71.50
73.90
67.95
68.50
69.28
69.65
70.10
70.50
71.00
71.10
71.70
72.10
72.45
72.10
71.45
71.05
70.70
70.70
70,00
69.15
69.30

3/8/06

70,10
69.50
69,20
68.95
68.95
68.25
67 .90
66.95
66,35
66. 35
67.55
68.30
68.70
69.30
69.55
69.80
70.55
70.50
73.20
66,95
67 .45
68.20
68.60
69.05
69.35
70.00
70.15
70.55
70.95
71.70
71.30
70.55
70.35
89.95
70100
69.35
6,35
68.20

Fourth Veek,.

3/9/06

70.55
70.20
70.00
69.65
69.40
68.75
68.40
67.35
66,50
66,80
67.55
68.40
68.75
89.28
69.65
70.10
70.80
70.95
73.10
67.05
67.55
68.45
68,70
69 ‘15
69.60
70.25
70.55
71.05
71.65
72.00
71.50
70.85
70.45
70,00
69.90
69.25
68.30
68.10

3/10/06

70,20
69.85
69.85
89.55
69.45
68.75
68.40
67.45
66.58
67.45
67.85
68.95
69.45
70,05
70,55
70.55
71.45
71.40
74,30
66.90
67.45
68.45
69.00
69.50
70.00
70.70
70.95
71.45
71.80
72.45
72.35
71.65
71.10
70,70
70.60
69.90
68.50
68.20



—43—

standardized Readings, Fifth Veek,

No. 3/12/06 3/13/06 3/14/06 3[i5/u6 3/16/C6 3 176

1. 67.15 67.28 68.9C €6.30 67.15 72,95
2. 66.30 B7,.,00 68,40 65.30 56.80 75.80
3. 66,75 65450 68.20 65.85 66,65 72,05
4, 664,60 66455 67 .85 GL.65 66.290 71.45
5. 66.35 66,40 67.45 65.50 65.90 70.85
6. 65.40 65.70 65.70 64.55 65.05 73,40
7 64.95 65.00 66,05 64.10 64.60 63.75
8. 63.90 61,05 65.85 62.156 63.55 69.00
9. 63.25 63.60 64.55 62.30 6%.05 68,60
10, 62,90 64.55 €65.15 62,00 63.65 68.80
11. 64,45 64.85 65.70 63.75 64,25 65.25
12. 65.45 65.65 6€.45 64.75 65,10 69.50
13. 66.05 €6.15 6C.85 66.80 65,60 69.60
1l4. 66,90 66.95 67 .60 65.35 66435 7G.10
15. 67 .55 87.40 68.2 66,90 66.90 70.50
16. 67,60 67.50 68,8 66,95 67.30 71.10
17. 68.50 68.30 62,35 67,90 68.00 71.75
18. 88.45 66.60 69.40 67 .65 68,15 2.60
19. 70.60 70,50 72.60 70.,8C 7060 75.25
21, 62.90 64.65 75.20 63.05 63.85 69.15
52, 64,45 65.15 65.85 6%.60 TA.45 69.65
22, 65.40 63.85 66.55 64,70 65.25 69.95
24. 66.,CO 77635 66,95 65.35 65.70 70.10
25. 66,45 66.75 67.45 65.75 66.20 7L.65
25, 66.85 67.35 €7.9¢C 68.10 66.75 71.20
27, 67.60 657,75 6€.55 66.85 67.°5 71.8C
28 67.80 68.05 6£,95 67.25 67.85 72.25
29. 68,35 68.55 63.590 67.75 68.55 73.05
30, 68.85 69,30 70415 68.20 69.25 74.60
31. 69,75 69.80 7C.80 69.30 69.75 73.80
32, 69.20 63.20 70,00 68.80 69.10 72.35
32, €8.80 68.6C 69. 45 68.35 68.55 71.45
34. 68.25 68,10 6E.85 67.80 67 95 71.05
35. 67.80 67.80C 68.30 67.25 67.45 7C.55
36, 67.75 £7.65 68.25 67.10 67.55 7Ce30
37. 66.9C 67,00 67.50 66.40 66.60 89.65
38, 65.45 65.75 €5.45 64.90 65.55 69.45

39. 64.95 68.35 66 .65 64.25 65.15 70.20



~




—A4-
sorrected Accordinc to Position. 7irst Waeek,

No. »2/12foe =2/13/c6 2/14/c6 =2/15(06 2/16fc6 2/17/C6

1. 75.10 79.55 75.65 7?.6C 71.40 74,65
2 75.15 79.75 76415 72 .40 71.55 74.35
3. 75.00 79.25 76,15 7240 7T1.60 74.65
4, 74.80 78.50 78.10 73415 71.85 74.75
5. 74.50 78.15 75495 73,50 756258 747G
6. 74.80 78.6% 75,80 73.7GC 72.00 74450
7 74,25 78.15 75.85 73.95 72.55 74,35
8. 74.05 78.10 75.70 73460 73405 74.45
9. 74.20 78.6C 75.85 73430 77410 T4A.45
10. 74.4C 79.30 765,00 73490 71.55 74.20
12. 74.55 78.95 76,10 7345 77415 74.55
13. 75.15 78.2C 75.55 73655 75650 74400
14. 74 .70 78.65 75.85 73. 05 72,05 74.65
15. 75.10 78.65 75.80 72480 71.80 74.85

16. 74,85 75.10 75.85 72.25 71.55 74.70
17. 75.15 79.60 75,90 72.00 71.85 74.45

18. 76.3C 8C.65 76.65 7Z%2.15 72.65 75.60
19. 74.95 72,80 76.05 75660 72.75 75.25
21. 74.65 75.856 75,90 72.15 71.75 74.75
22 74.7C 8C,0C 76.00 71.95 71.8C 74.75
23. 74,85 79.95 76.05 71.70 71.70 74.85
24, 75.20 8C.0C 7€.15 71.8C 71.05 74.85
25. 75.45 8G.45 76,20 71,20 70.75 74.9C
6. 75.9C €1.30 76.40 7CG.65 7C.05 7G.05
27, 76.10 81.25 76.20 70.85 €9,85 74.80
28, 75.45 81.00. 76.05 76.70 70.50 75.20
29, 75.45 81.CC 75.3C 70.7G 7C.40 75.10
30, 75.85 81,30 75.80 70.75 7C.CO 75.10
31. 75.55 &1.50 75.75 71.70 70.85 74,75
32. 75.60 £0.60 76.068 71.50 71.00 75.00
33. 75.65 79.60 75.75 72.00 7C.80 74.95
4. 75.25 79.75 76.00 7270 70.50 75.10
25. 75.00 79.65 76.15 7525 7C.80 75.10
36, 74,80 79.40 76.10 75485 71.30 74.90
37.. 75.10 79.25 75.90 77 ..8C 71.35 74.55
28. 75.65 8G.45 77.05 5480 72.65 75.50

39. 74,95 79.80 75.25 71.50 70430 74.05



No,

~ 0

3.

4,

5.

6.

7.

8.

9.
1GC.
11.
12.
12,
14.
15.
16.
17.
18.
19,
21.
22.
23,
24,
25,
26,
27.
28,
29,
30,
31.
32,
33.
34.
35.
36,
37,
38.
39.

corrected According to Position.

2/19/06

77 .40
77 .45
79.35
77 .80
78.00
78.GC0
78.30
77 .55
77,70
77 .80
78.50
78.85
77.75
77.45
77.95
78.05
78.30
78.35
78.50
77.20
77.30
77.80
78.10
78.20
78.25
78.35
77 .85
77.95
78.50
79,00
79.10
78.10
78.35
78.20
78.35
78.45
78.20
77 .60

78.45
78.75
78.85
79.15
79,30
79.50
79.65
79.00
79.15
79.65
79.90
79.95
78.90
80.45
79.15
79.30
79.590
79.45
79.60
78455
78.85
78.£0
79.25
79.30
79.50
79.70
79.00
79.15
78.30
79.85
8C.05
79.10
79.40
79.20
79.30
79.45
79.40
©9.25

—-45—

2/p1/06

80.40
80.75
83.70
81.15
81.20
81.25
81.50
80 .95
81.25
§1.25
£1.90
81.95
8G.70
81.20
81.00
81.20
81.50
81.55
82.10
80.55
8C.8C
80.65
81.10
81.25
81.60
81.8C
81.30
81.45
81.80
82.20
82.20
81.00
81.20
80.95
81.15
81.35
81.30
€1.45

2/22 /06 2/23/06

Some one 76.25
opsned 76 435
the 76.30
window 76 .65
at one 76.75
end of 76.80
the block76.88
of jars, 76.%8
the day 76.70
or even- 77,15
ing beforee6.95
Readings 76.85
are out 76.05
of propor®6.50
tion and 76.00
therefore76.05
useless. 75.30
75.95
75.30
76.15
76.20
76.05
76.30
76.40
76.45
76.45
75.90
76,05
76.55
76.10
76.10
75.50
75.95
75.90
76.15
76.15
76.35
76.50

cecond Venk,

2/24/06

78.80
79.95

79.85
86.15
80.30
80.35
80.46
80.85
80.35
80.50Q
86.70
80.60
79.55
77.05
79.75
79.90
79.95
80.20
80.95
79.95
80.00
79.90
80.15
80.40
80.50
80.55
80.20
806.55
81.10
80.80
80.75
79.35
79.55
79.75
79.45
8G.05
80.20
80.70






—-46-—

gorrected According to Position. Third Week.

No. 2/26/06 2/°m /6 2/28/06 3/1/06 3/2y06 3/3/06

1. 79.50 79.10 70.60 75.10 79.30 79.45
2. 79.55 78495 70.95 75.25 79.45 79.05
3. 79.85 78.70 71.35 75.35 79.20 79.00

4, 80,10 78.60 71.70 75.45 79.05 78.90
5. 80.15 78.3C 71.95 75.35 78.95 78.95
6. 80.10 78.30 71.90 75.40 78.35 78.80
7 80.25 78.10 71.75 75.35 78.80  78.75
8. 8C.35 78,20 71.8C 75.35 78.70 78.95
9. 80.30 78.25 71.80 75.45 78.8C 76.95
10, 80.40 78.30 71.85 75.55 78.90 79.10
11. 80.60 78.30 71.90 75.55 79.05 79.25

12. 80.75 78.35 78.00 75.55 79.00 79.35
13. 79.85 77.70 71.65 74.95 78.35 78.65

14. 79.90 77.65 71.60 75.05 78.45 78.75
15. 8C.25 - 77.90 71.55 75.10 78.65 78.80
16. 80.10 77.95 71.10 75.10 78.65 78.70
17. 8C.70 78.05 7C.75 75.15 79.00 79.00

18. 80.50 78.50 70.25 75.30 79.30 79.70
19. 82.05 79.30 88.75 76.35 80.95 81.00
21. 8C.00 768,30 71.75 75.50 78.70 78.85
22, 8C.05 78.30 71.60 75.40 78.90 79..00
23. 80.20 78,35 71.70 75.40 78.80 78.90

24. 80.25 78.25 71.8C 75.45 78.85 78.75
25. 8G.30 78.45 71.55 75.55 78.90 78.85
26 . 80.40 78.55 71.35 75.60 79.00 78.95

27. 80.50 78.70 71.10 75.65 79.25 78.95
28, 8C.40 78.40 70.85 75.60 79.20 78.60

29, 80.70 78,80 70.70 75.75 79.25 78.60
30, 80.75 78.80 70.60 75.80 78.40 78.85
31. 81.25 78,70 70.15 75.70 79.65 79.35
32, 81.25 78.65 70.65 75.70 79.50 79.35
33, 80.90 77.60 70.50 75.00 78455 78.45
34, 80,35 78.00 7C.25 75.40 78.75 78.65

35 80.10 77.80 71.50 75.20 78.45 78.55
36. 80.15 77.75 71.65 75.15 78.25 79.65
37. 80.45 77.90 71.85 75.25 78.40 78.75
38. 80,50 78.05 71.75 75.45 78.70 79.00
39. 81.25 79 .8P 71.90 76.30 79.95 79.70






No.

1.
2.
3o
4,
5.
6.
7.
8.
9.

10.
11

12.
13.
14.
15.
1e6.
17.
18.
19.
21.
22.
23,
24,
25.
26.
27.
28,
29,
30,
31.
32,
23,
34,
35.
36,
37.
38,
39.

Corrected According

3/5/06

67.05
67.40
67.35
67.60
67.75
67.80
67.85
67.40
67.55
66,75
57 .50
67.8C
67.40
67.25
67.00
66 .95
66 .05
66 .20
65.10
65.80
65.90
65.55
65.65
65.40
64.85
64.55
63.40
62.80
62.95
63.95
64.00
65.30
65.65
66.05
66.40
67.20
67.70
66 .85

3/6/06

89.30
89.40
69,55
69.70
69.20
70.25
70,10
69.65
70.10
85.70
70.G0
7G0.05
69,80
69.85
70.90
76.00
69.50
69.70
7G.35
69.75
695.75
€2,95
70.05
70.50

70.55"

70.55
69.95
70.10
70.90
70.35
70,00
69880
69.90
69.95
70.30
70.85
70.80
71.20

3/7/06

70.15
70,30
70.35
70,55
7C.95
70.95
7G.85
70.40
70.80
70.65
70.90
7G 095
7G.75
7G.90
70.95
72.10
7C.75
70.95
72430
70.50
70.65
70.85
71.00
71.50
71.60
71.65
71.00
71.35
72.05
71.75
71.50
€1.10
61.05
71.00
71.15
71.60
71.80
72.25

to Position,

3/8/06

69.15
69.15
69.15
69.35
68,80
672,75
69.65
69.15
69.50
69.50
69.85
69.85
69.80
69.95
69.85
70.15
69.85
69.95
71.60
63.50
69.60
69,80
69.95
70.45
70.45
70.65
70.05
70.20
70,90
71.00
7C.70
70.20
70.35
70.25
70.45
70.95
71.90
71.15

Fourth wesk,

3/9/06 3/10/06

69.60
89.85
69.95
70.05
70.25
70.25
70.15
69.55
69.65
69.45
79.85
89.95
69.85
69.90
69.95
70.35
70.10
70.40
71.50
63.60
63.70
7C.05
76.05
70.55
70.70
70.90
70.45
70.70
71.80
71.30
76.90
70.50
70.45
70.30
70.35
7C.85
70.85
71.05

69.25
69.50
69,80
69.95
70.30
7C.25

‘70.15
"69.55

63,70
70.10
70.15
70,50
7C.55
7C.70
7G.85
70.90
70.75
70.85
72,70
69'45
69.60
70.05
70.35
70.90
71.10
71.35
70.55
71.10
71.75 -
71.75
71.75
71.30
71.10
71.00
71.05
71.50
71.05
71.15






—-48-
corrected according to Position. Fifth Veek,

No. 3/12/06 3/13/06 3/14/06 3/15/06 3/16/06 3/17/06

1. 66.10 66,90 67,85 65.25 66.10 72.90
2. 66.75 66.85 68,35 67.75 66.60 72 .65
Se 67.15 66.90 68,60 66.25 6%.05 v2.45

4. 67.60 67.55 £8.85 66.65 67.20 72.45
5. 67.95 68,00 69,05 67.10 67.50 72.45
6. 68.C5 68.35 69,35 67.20 67.70 73.05
8. 66,90 67.05 68.85 66.15 - 66.55 72.00
9. 67.35 67.60 68,55 66.30 67.05 72.60
10. 67.85 68.50 69.10 66.95 67.60 .72.75
11, 68.10 68,50 69.35 67.40 67.9C 72.90
1z2. 68.45 68.65 62.45 67 .75 68.10 72.50
13. 66,95 67.05 67.75 66.40 66.50 70.50
14. 67.25 67.30 68,05 66,70 66.70 70,45
15. 67.60 67 .45 69.30 66,95 66,95 70.55
16. 67.75 67.65 68.65 67.10 67.10 71.25
17. 68.15 67.95 69,00 67 .55 67.65 71.40
i8. 68.20 68.35 69.15 67.30 67.90 72435

19. 67.90 67.80 69.90 68.10 67.90 72.55
21. 66 .45 67.20 67.75 65.680 66.40 71.70
22. 6€.60 67.30 68.00 65.75 66.60 71.80
23. 68.20 67.55 68.35 66.50 67.05 71.75
24. 67.65 68.00 68.60 67.00 67.35 71.75
25 67.85 68.15 68.85 68115 67.60 72.05
26. 68.10 68.60 69.15  67.35 68.00 72.45
27 68.55 68,70 69.50 70.80 68.50 72.75
28. 67.20 67.45 68.35 66.65 67.25 71.65

29, 67.30 67.5C 68.45 68.70 67.50 72.70
30. 67.60 68.05 68.90 66.95 68.00 73.35
31. 68.25 68.30 69.30 67.80 68.25 72.30
32, 68.60 68.60 69.40 68.20 68.50 71.75
3Z. 67.15 66.95 67.80 66,70 66.90 69.70
24. 67.35 67.20 67.95 68.90 67.05 70.15
35. 67.60 67.60 68.10 67.05 67.25 70.35
36. 67.95 67.95 88.485 67.30 67.55 70.50

37, 68,00 68.10 68,60 - 67.50 67.70 70.75
38. 67.90 68.20 68.90 67.35 68.00 71.90
39. 67.90 68.30 69.60 67.25 68.10 73.15
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Total Avera~re on Horse iianure Experiments

No Tons. 10 Tons. 20 Tons. 30 Tons. 40 Tgns. 50 Tons. 6C Tons.

74.87 74.92 74,97 75.00 74.87 75.35 75.17
79.70 73.87 79.60 ©9.25 79.30 79.97 79.70
75.77 76.07 76,10 76.12 76.12 76.10 76.02
72 .37 72.17 72.05 72.47 72.40 72.17 72.90
71.57 71.52 71.65 71.45 71.47 71.02 71.20
74.70 74.55 74.75 74 .80 74.80 74.80 74 .37
77.30 77.3%7 78.47 77.95 78.10 78.32 78.32
78.50 78.80 78.82 79.20 79.30 79'50 79.67
80.47 80,77 80.67 81.12 81.22 81.42 81.65
76 .25 76.27 76.17 76 .47 76.57 76.62 76.67
79.75 79.97 79.87 80.15 80.35 80,42 80.47
79.75 79.80 80.02 8G.17 80.22 80.25 80,37
78.70 78.62 78.52 Tt e42 78.37 78.42 78.40
71.17 71.25 71.88 71.%8 71.75 71.88 71.42
75430 75.32 75.3%7 75.45 75.45 75.50 75.50
79.00 79.1%7 79.00 78.95 78.92 78.92 79.02
79.17 79.02 78.95 78.82 78.90 78.90 78.85
66.42 66.65 66.45 66.62 66.57 66.35 66.70
69.52 69.57 69.75 69.87 79.85 70,40 70.32
70.32 7C.4%7 7G.60 70.77 78.22 71.27 71.25
69.32 69.37 69.47 69.65 70.12 70.10 7Ce15
69.60 69.77 - 70.00 70.05 70.40 70.47 70.52
69.35 69.55 70.07 70.15 70.60 70.67 70,75
66 .27 66 .67 67.17 67.62 67.90 68.07 68.52
67.05 67.07 67422 67.77 68.07 68.47 68.62
67 .80 68.12 68.47 68.72 68.95 69.235 69.55
65.42 66.75 66.37 66.82 67.12 67.27 67.72
65457 66.63 67.05 67.28 67.55 67.87 68.32
72.30 72.07 72.12 72.10 72.25 7275 73.02
2124.35 2128.14 ?7131.24 7134.95 72138.81 2142.15 2745.34
73.25 73.38 73 .89 73.62 73.75 73.86 73.97

This shows result even more constant than in the last
experiment. That is the increase.shown for thelast ten tons
is more nearly the same as that shown for the rirst ten tons.
The size of the results is alniost identical, being an average

of ,12°F. increase of temperature for each ten tons of manure.
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Total Average for 7ow Manure Experiment.

No Tons. 20 Tons. 40 Tons. 60 Tons. 80 Tons. 100 Tons. 100%

74.87 74.75 74.82 75.12 74.95 75.07 74.95
79.70 79.55 79.80 80,30 80.32 79.77 79.85
75.77 75.87 75.89 75.90 76.90 76.07 75.70
72.37 72.15 72.50 72.32 72455 72.27 72.55
71.57 7T1.77 71.20 70.77 71.37 71.37 71.52
74.70 74.82 74.75 74.65 74 .47 74.77 74.65
77 .30 77.70 77 .82 78.15 78.75 78.97 78.05
78.50 79.00 79.15 78.97 79.87 £0.00 78.92
80.47 81.12 81.35 81.52 82.05 82.07 81.77
76.25 76.17 76.3%7 76.85 76.52 76.97 75.90
79.85 80.12 80.45 80.80 80.80 80.67 80.82
79.75 8C.37 80.45 80457 80.92 81.00 81.65
78.70 78,30 78.52 78457 78.50 78.50 79.25
71.17 71,32 71.30 71.22 71.02 71.35 70.32
75.30 75.47 75.60 75.67 75.62 75.62 76432
79.00 78.95 79.02 79.15 79.35 73.25 80.45
79.17 78.77 78.77 78,97 79.30 79.35 80.35
66,42 65.40 65.17 64.85 65.72 65.90 65.97
69.52 79.80 70.10 70,30 70,17 76.02 70.77
7@.32 70.70 71.07 71.35 71.32 71.22 72.27
69.32 69.60 €69.85 70.20 69.92 7C.27 71.37
69.:60 70.00 70127 70.02 7C.57 70.42 71.27
69.35 70.25 70.40 70.92 70.95 71.62 71.92
66.27 67.05 67.32 67.72 68.17 68.52 67.90
67.05 67.25 67.55 68.2% 6¢.40 68.62 68.05
67.8C 68.60 68.50 69.00 69.32 69.42 69.75

65.42 66.40 67.50 66.95 67.60 67.37 67.67
66 «57 66.90 67.27 67.80 68.07 68.30 68.00
72.30 71.82 72.30 72.05 72.60 72.15 7285

2124.35 7129.,97 ?2134.94 7I33.9% 72145.07 2147.87 2150.81

73,25 73,33 73,62 73.79 73.96  74.05 74,17

These results are a 1ittlie more irregular than those for
the horse manure,” but stiil ars nuite constant. It is notice-
able that the results are not as higﬁffor the horse manure.

The heating value of 60 tons is about equal to 40 tons of horse
manure, or of 80 tons to 60 tons of horse manure. One of the
surprising things is that the straight cow manure has maintained
a temperature but slightly above that of 100 tons, and it looks

like a member of the series,






Total Average for Sheep iManure Expsriment.
No Tons. 10 Tons. 20 Tons. 30 Tons. 40 Tons. 50 Tons. 6C Tons.

74,87 75.40 74,97 75.05 74,82 75.12 75.97
79.70 78,90 79.20 79.15 73.25 79.42 80.55
75.77 75.65 75.92 75.97 75,97 75,90 76.85
72.37 72.67 72.62 72.52 72 .55 72.40 73.47
71.57 71.55 71.32 71,30 71i.42 71.60 72.65
74.70 74.62 74,87 74,97 74 .80 74.50 75.55
77 .30 77 .92 77.90 78.07 78.20 78.3%7 78,27
78.50 79,00 79.92 79.17 79.30 79.47 79.42
80.47 80.85 81.20 80.97 81.17 81.42 81.42
76 .25 75.75 76.02 75.95 76.10 76.02 76.15
79.85 79.45 77.90 79.75 79.6%7 80,00 80.20
79.75 80.3%7 80.12 80.17 80.12 80.57 8G.50
78.70 77 .65 77 .82 77.85 77.85 77 .97 78.22
71.1%7 71,07 70.92 71.52 71.37 71.30 71.00
75.30 74.97 75.12 75.15 75.12 75.20 75.37
79.00 78.45 78.60 78.55 78.45 78,70 79,00
79.17 78.55 78.70 78.67 79.17 78,87 79.35
66.42 66.35 66.45 66552 66.67 66.62 66.95
69.52 69.80 69.82 70.42 70.15 70,17 70.25
76.32 70.92 70,97 70.9%7 71.12 71.17 71.32
69.32 70,00 70.15 7C.05 70.30 70.40 70.92
69.60 70.17 70.17 70.12 70.40 70.47 70.62
63.35 70.92 70,90 7C.92 70.97 71.12 70.95
66 .27 67.05 67.30 67 .60 67.85 68.07 68.05
6%.05 67.00 67.25 67.52 67.75 68,02 68.27
63.80 67.77 68.00 68,70 68.55 68.80 69.02
65.42 66.55 66.80 67.00 67.20 67.52 67.32
66 .57 65.70 66.8%7 67.10 67 .50 67.6%7 67.95
72.30 70.15 70.30 70.45  70.87 71.07 72.12

2124,.35 2126.20 2128.35 °2132.15 2134.66 2137.93 2147.68
73.25 73.31 7339 73.52 73.61 73,72 74.05

Taken ns a whole, these results are apyvroxinately enual
to those under horse manure. With the exceptionm of the last
figure, they are slightly lower.

When one trinks of it, it is almost surprising to see

how c ossly the results under the three manures check ur.
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The Fourth Fxperiment. (field).

Since the results of the different expsrirnents conducted
in the laboratory ceck ur so nicely, it was desires to see how
they compared with actual field conditions. This experirent
was instalied in the open field entirely away from any large
buildings that may breakX the winds and yhere the sun was not
shut off at any time of the day' A small building (about five
by six feet ground space) was moved out there to shelter the 4
instrument. 1Inside the building, a post was set three feet
in the ground. Tris was to surport the galvanometer and pre-
vent the \inds from shaking it. aAbout a rod north of the
building, a barrel was set in the ground and covered with a
door. This contained the freezing-point couples and furnished
a place to set the standardout of the sunsliine. A short dis-
tance and just north of the barrel the experirent boxes were
located. Ten inciies of the field s=il was sifted that it might
be wniform and four inches of it was put back for a uniform
base. Inch boards Aivided the surface six inches into fourteen
comyartments 17 by 17.5 inches inside measurement. Two were
filled with the sifted swil, two had at the rate of ten tons
of fresh horse manure psr acre well nixed with the soil, and
the others had at the rate of 20, 30, 40, 50, and 60 tons
rer acre in Jduplicate. . The couples instalied in this experiment
were numbsrs 1 to 7 and 11 to 17, those with the same units
figure being placed in the check boxes. The arrangeisent of

the boxes was the same as in the ireliminary experinent.
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The first problems that faced us was the sun effects, and
the best time of day at which to read the temperature. (It
was found that as soon as tie sun was up the soil began to
be perceptibly warmed, and wilile reading the ssries, the tempera-
ture of the first membar of the series was changed.) It was
finaily decided to read the teﬁperatures at tlie maxirmm each
day. That is when the absorption and radiation balanced each
other. To dstermine this tine, a number-of readings was taken
each day, during the first wsek. The tire of the maxirum
was found to chance with the kind of day. If the sun had be-n
out during ths foranocn and clouded up about noon, tiie best
time to read was féund to be about 1 P, M. If the sun shone
all day, this time wss changed to about 3-30 to 4 P. . If it
was cloudy in the forenoon and the sun shone in the afternoon,
the maxirmm was found to be about 5-30 P. Ms These times are
not the naximums at the surface, but three inches below the
surface, With this data at hand, judgment was used in striking
the maximum during the remaining two weets of the experiment.

The foliowing ar= the maximum readings.
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standardized Readings. (1st Week.)

No. of

box. 4/24/06 4/95/06 4/26/06 4/27/06 4/28/06
1. 54 .65 62.35 % .85 69.20 67.70
2, 57.60 63.90 64.10 70.30 67.70
3. 57.55 64.30 68,80 70.20 68.10
4, 56.90 63.80 64.45 70.25 68,05
5. 57.65 64.15 64.70 70,50 68.10

6. 59.10 66.35 66.20 71.65 69.05
77 58.15 66.15 66.65 71.15 69.30
11. 57.45 64.15 65.50 68.55 67.35
12. 57.85 64.55 65.35 68.70 €67.70
13. 57.30 68.85 64.00 69.65 67.30
14. 57.45 64.25 64.40 70.00 68.05
15. 58.85 65.10 65.30 71.50 69.00
16. 58,10 64.60 65.40 72.00 69.00
17. 57.75 64,90 65.25 71.60 68.80

standardized Realings. (2nd. Week.)
4/50/06 5/1/06 5/2/06 5/3/06 5/4/06 5/5/06

1. 71.10 64.20 57.80 64.30 67.80 59.65
2e 71.55 64,20 58.30 66.00 68.50C 60.30

K 71.2C 64450 58.35 66,50 68,00 60.55
4, 70,85 63.65 58.25 65,50 68.60 60.40
Se 71.6C 53,60 52,50 66.75 66.EQ 60.5%
5, 71.8C 6/.40 57.80 67.10 68,70 €1.10
7 72.45 65.C0 58.20 €66.40 68,90 61.10
1i. 70.70 64.5C 57 .30 €6,G0 68440 60,30
12. 71.156 64.10 57.75 66.40 68,40 6G.40
13. 71.15 64.40 58.45 67,50 €68.70 6C.9C
14. 71.40 64,00 58,40 67.10C 68,50 60.80
15. 73.05 64,9C 5€.15 €7.50C 69.5C 61.10
16. 73.10 64,.,9C 5€.9C 67.8C 70.50 81.60

17. 72470 64,50 S8.20 67.10 69.10 61.00
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Standardized Readings.

5/7/06

47,55
48,15
48.60
48,70
48,50
48, 40C
48 .65
48,15
48,30
48,95
46,95
18,50
15,80
18,2C

s e\

5/8/06 5

50435
5C.5b
5C.R85
50,60
50.5C
50.20
50,.8C
49,90
5C.50
Bl e 975
51.50
5’::‘ ° C’C
SC . QU

50.40

/9/¢6
/ /

48.45
48.80
48,95
40.20C
403,.C0
439,CC
48.90
43,10
49425
49,40
49.55
45,70
49.75

49.80

(3rd. Veerk,)

/1
5/1

57
57
£7
57

58

cry

O/ e

57
£7
57
57
57
57
57

/" /'(;r'
\/ D

PG
40
.60
«6C
.60
a0
.60
.10
20
25
e 50
‘35

~
« 50

89.80

Total Average.

~

No Tons. 10 tons. £C tons

. SC tons.

40 tons. B0 tons,.

5/11/06

67.10
67.40
67.60
67,90
67 .65
67.70
67.70C
€6.30
67.15
67 . ]-O
67.5¢C
62.25
63,40

68.40

5/1?/06

71.20
71.20
71.30
71.30
71380
71.30
71.20
71.10
71.0G0
76.90
7C630
71.20
71,20

71.20

56.05 57,72 " 42 57.17 58.25 58.6C £7.95
€72.95 64,07 64,07 64,02 64.62 65.47 6352
64.67 64,72 61,40 GhedP €5.CC 65.&C 6595
33,97 €9.50 €9,97 70.12 "i.CC 71.82 7.0
s 67 .70 67.70 65,05 .55 63.G2 63.05
70,90 71.35 71.17 71.12 70,82 T8 .45 72 .57
64,35 64 .25 64435 53,002 64.25 64,65 64.75
57.55 58,C2 58.40 52,29 58.72 58.35 58.05
65.15 65420 67.00 65.80 67.12 67.45 6G.75H
67.95 62.45 68.35 68,55 69.C5 69.50 63.,C0
£9,97 60 « 25 60,72 80.60 6087 6l.55 €1.G5
47,87 48,22 48,77 48,80 48,50 418,60 48,42
50,12 58.5% 5G.77 5C .85 50670 50,60 50,60
45,77 49,02 49,17 49,35 49,35 49,35 49,35
57.15 57.30 57.42 57.45 57.47 57 .55 57.50
B87.00 67 .27 €7.35 67.7C 67.95 62,05 68,05
71.1% 71,10 71.10 71.1C 71.30 71.30 71.2C
1T48.29 TIC55.66 1058.15 1058.96 1(54.62 1C€9,.,91 1077.33
61,66 65,09 62.24 62.05 6°.62 62,93 62,37

6C tors.
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Theses recults show atout twice the effects that were
noticed in the lahoratory. This was anticipated early in ~he
exveriment and readings were taken apy or before sunrise on

April 24th,, May 1 st., May 2nd., and May 9th. The following

are the average of tlhese early readings.

Total averare, (Farly lorning)

No tons. 10 tons. 20 tons. 30 tons. 40 tons. 5C tons. 6C tons,

38492 353.82 39.00 39.42 39.80 39452 27,20
52.32 52.52 53.00 52.97 53.07 53470 54.25
56.52 56.62 56.92 56.82 56.65 £6.867 57.15
6,17 36.40 36,77 26.77 36450 36.60 26.80

|r$."5.—9.7> IE40-‘J6 lOSQE;g 185098 IESQ.E;J lﬁ').ﬁb 1?‘7.‘&0

45,98 46.09 46,42 46,49 46,53 46,52 46.85

¢ Theres vere not enough of these rea-ings taken to work the
irrepularities out of the averase, but it is noticeable that
the early mnorning effects are almost exactly th: sare as tlose
obearved in the laboratory. This shows that tiie sun in some way
rad an additiomal effect about equal to that of tre manure or
possibly greater, Examining the plots, is was noticed that
those with the creater amounts of manure were somewhat dar¥er.
Prof. mmith suggeated color effect, and aecordingly a color
experinent was tried. Two pdots were prepared of riuck, and two
more were prepared of the sgo0il in thie field. The couples
placed in them were resyectively, 72, 27, 29 and 31. 1n the

el

first part of the exyerirent, these niots were lieft with their

R

natural color. The first readings in the table were take:n 27
hours: after the couples were installed and show that the tempera-

tures had had tiiie to adjust themselves. The weather was cloudy
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A1l the time except on the last three days, vis. iay 10th, 1ith,

and 12th. Cn tre 12th, it was also very windv and tnhe colors

had been dulled by sand drifting over them.
7olor Fxperirment.
Kind of soil. Muek, Field socil.
No. of thermo-—-couplis PP 27 29 31
5/5/06 4-70 P. i, 56465 56,95 56 .35 56.50
5/7/08 5-30 " 47,15 47,60 46,10 46.15
lincovered. ILime cover. lMucX cover. Lims cover
5 s/ce 4-30 P, . A48.65 46,30 59.35 48,00
5/9 G6 5-3C A. M. 39.55 40,00 '%6.55 26.20
1 P, i, 46.25 44,25 47 .45 5.CC
/1u 3-30 54,00 47,25 56.30 52.50
/11/06 4-20 » 58.90 51.40 61990 58420
/13/LR Z2-2C " 63,50 58,00 66.85 66 .10

From this we see that the color of the surface hans a great
ffact on temperature, even in cloudy weather. It undouvbtedly
accounts for the additional effects ohtainead in the manure

experiment at tie time of the maximum daily temperaturse.
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auriary and conciusion.

Taking an avsrapge of all the results found in ti.e total
averagzes of the Adiffersnt experinents, we find that 60 tons
of fresnh manure per acre causes the soil to be but 72/109
of a derree warner than the soil to vhieh no manure has been
adided. That is 19/1003 of a degree for ==zch ton ner acre.
In the introduction, it was pointed out that about 9/10 of
the gern 1life in fresh horse manure dies off during the first
two wesks of ferrentation,., When sueh a manure is added to
the s2il, it han a eranes to cet a sunrly of goil bacteria,
but tte second erperiient shtows that it takes 40 tois of such
ranurs to be equal in heating effect to 20 tons of fresh manvre,
Frcnmn tiiese results it will apnear t.at manure that has laid
in the vile for two weeks would maintain an increased tempera-
tiure of C/lCOO of a degree only for sach ton p=r 4acre. The

that
tiird exueriniznt si.ows the effects of ccy and sheen rmanures

are btotn lower tl.an that of horse jnanure, It would be interast-
ing to learn to what extent the fzrinentation cf viell rotted
rnanare wo:1d effect the teruserature of a soil to vwhich it

is added.
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