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PREFACE.

Suvee the publication of the first Volume of this work, its scope
has been greatly enlarged. It is now made to include, not only
Physies proper, but several kindred branches, and aims to describe
the principal methods of experiment with which every physicist
should be, familiar. As in the first volume, each Experiment is
divided into two parts, a description of the Apparatus, intended
mainly for the instructor, and the details of the Hrperiment, for the
student.

The subject of Electricity is perhaps better adapted than any
other to the laboratory system, and a large amount of space is
therefore devoted to it. Heat follows, not being introduced earlier
on account of its difficulty, The student may thus first acquire
the requisite skill, and this subject then furnishes an excellent test
of his proficiency. To attain accurate results, not only is great
care needed, but very carefully constructed apparatus, and numer-
ous precautions must be taken, and corrections applied. It was
therefore deemed better to select simple and inexpensive forms of
apparatus which should show the student the principles involved,
although not capable of giving very accurate results. If the
latter are desired, the student should be referred at once to the
, original memoirs.

N\a The experiments headed Mechanical Engineering, though more
special in their nature, are yet of a kind which is important to

1'7 rzre E L( 8 (iii)
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every physicist. Physical problems which. are to be solved on a
large scale require a thorough kno\vledge of mechanical engineer-
ing. To this class belong also those which have the greatest
pecuniary value. The methods of conducting such experiments
also are often so faulty, that a brief description of how theg
should be performed will not seem out of place.

The next section is devoted to Meteorology, and contains a brief
description of the principal meteorological and magnetic instru-
ments. No special description of self-registering instruments is
given, on account of the great space and elaborate engravings
required, and because the use of such instruments is, from their
nature, of little value as a means of education, and in general, only
involves replacing a sheet of paper every day; proper directions
also usually accompany every instrument.

One of the most important features of this volume is the
introduction of a chapter on Astronomy. This subject is so sel-
dom taught practically, except to single individuals as assistants
in an Observatory, that its value as a means of training appears to
have been overlooked. A careful examination of the subject
seems to show that the laboratory method may be used to teach
Astronomy as successfully as Chemistry or Physics. A promis-
ing field is open to any College or School of Science where the
attempt shall be made to teach Practical Astronomy to classes
in a systematic manner; and surely nothing can be more valuable
to the civil engineer or explorer than to be able to determine his
latitude, longitude and time, by the sextant or transit. As this
book is intended to be used in this way, a portion of the smaller
corrections are omitted, as sufficient accuracy is thus attained for
ordinary purposes, and the chapter is not intended as a guide in
an Astronomical Observatory where the greatest possible accuracy
is demanded. The methods of Astronomy, especially as regards the

discussion of results, the determination of errors and the applica-
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tion of corrections, are so much superior to those commonly em-
ployed in purely physical work, that they deserve a careful study.
The more exact physical measurements, especially those involving
the accurate determination of angles and time, are, moreover, so
closely akin to those of Astronomy that every physicist should
have -some acquaintance with the latter science. In so brief a de-
seription of so vast a science there was little opportunity to add
anything new, and the standard works are so complete that the
professional astronomer would go at once to them. Most of the
methods here given will therefore be found treated more fully in
the works of Chauvenet, Loomis, Coffin and Webb.

As every lecturer on science may derive great aid from the
Lantern, in the projection of illustrations, or in rendering experi-
ments readily visible to an audience, a chapter is added on Lantern
Projections. The aim has been to show how, with simple and
inexpensive means, excellent results may be obtained.

Several subjects of general importance remained which could
not be inserted in the body of the work. These have been incor-
porated in three Appendices, 4, B and C. The author, having
experienced a great want of a brief description of the principles
of electrical measurements, prepared a pamphlet for his own stu-
dents which forms Appendix 4.

Appendix B gives a series of tables of the numerical constants
most used in physical work. The tables of powers, logarithms
and trigonometrical functions are arranged in a way which is
more brief, and is believed to be more convenient, than that ordi-
narily adopted. A saving of nearly one-third of the time is effect-
ed by the fact that each table covers only two opposite pages, so
it is not necessary to turn the leaves in its use.. The method of
using them is also nearly the same for all. The trigonometrical
functions are given to tenths of a degree, as the circles used in the
galvanometers, and most of the other instruments described in
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this work, are divided into degrees and read by the eye to tenths.
If the readings are made by verniers to minutes, as in the optical
circle and astronomical instruments, the more extended five or six
place logarithms are required. A great saving of space is effected
by bringing all the principal constants for the metalsinto a single
table. Similar tables are given for liquids and gases. The blanks
clearly indicate where additional determinations are needed.

In Appendix C are given with some detail directions for the
establishment of Physical Laboratories, on the plan of that under
the charge of the writer. In this Laboratory, about a hundred stu-
dents are instructed every year. It has been in operation with but
little change, except to enlarge its work, for the past six years, and
has therefore had a practical trial on a large scale. A brief list
of works of reference is also added, and a short description of a
hundred additional experiments. These are especially intended
to aid both teacher and student in what should be the aim of
every scientific man, the encouragement of original research. The
wide range of subjects now included in the term physics, shows
that this work is addressed to no narrow circle of readers. The
attention of all persons interested in experimental work of any
kind is solicited, and of all who believe that the practical method
of teaching science, now so largely adopted, is a step in the right
direction.

In conclusion, hearty thanks are tendered to Profs. Trowbridge
and Cross, and especially to Mr. Holman, for careful examination

.

and revision of the proof sheets of this work.
: E. C. P.

February 22nd, 1876,
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ELECTRICITY.

CERTAIN instruments are employed in almost all the applications
of dynamic electricity. The following description of them should
therefore be read carefully before performing any experiments in
this subject.

. Batteries. The most common method .of generating a current
of electricity is by the unequal action of an acid liquid on two
metals. This may be effected in a great variety of ways, but the
most common forms of galvanic batteries may be divided into the
three following classes. The first class contains those in which a
single liquid is used, the second those of which the Daniell’s bat-
tery is the type, with zinc and copper as electrodes, and sulphuric
acid and sulphate of copper as liquids. The third class contains
the other two-fluid batteries like the Grove and Bunsen, a more
intense action being secured by nitric, chromic or other strong
acids. The action of other batteries is readily understood from
them, and therefore need not be described here.

If any two metals, as copper and zine, are immersed in dilute
sulphuric acid, a decomposition of the liquid takes place, and the
zine is found to be positively, the copper negatively, electrified.
If they are connected by a wire or other conductor, a continuous
current of electricity will pass through them from the copper to
the zine. A chemical action now takes place, by which the acid
unites with the zine, and the hydrogen set free is deposited in
bubbles on the copper. As soon as the circuit, as it is called, is
broken, by removing the wire, this action ceases, and the metals
return to their former feebly electrified condition. If the experi-
ment is made with commercial zinc which contains particles of
iron and other impurities, local action takes place, that is, each
particle acts like the copper plate, and the liquid is decomposed
without sending any current through the wire. To obviate this

1



2 ELECTRICITY,

difficulty the zinc must be amalgamated, that is, covered with
mercury, which gives it a uniform surface so that it will act only
when the circuit is closed. To amalgamate a plate of znc, first
scrape off any lumps of salts or dirt that may adhere to it, and
then clean it by immersing in dilute sulphuric acid (1 part te
8 of water). Local action at once ensues, accompanied with &
rapid disengagement of hydrogen with a hissing sound. Then
lay the plate in a wooden trough which will just contain it, and
pour mercury over it, repeating the operation and aiding the
action with a stiff brush. If the mercury does not adhere at
once, dip the plate again in the acid, and repeat until the surface
has a bright silvery lustre, and no effect is produced on immersion
in the acid. Zinc may also be amalgamated by dipping in a solu-
tion of chloride of mercury. The presence of the hydrogen on
the platinum is very objectionable, both because it increases the
resistance, and because it tends with the zinc to form a current in
the opposite direction. The surface of the platinum should there-
fore be roughened either mechanically, or better, by covering it
with a coating of platinum black, to which the. bubbles cannot
adhere. To save expense, the plate may be made of silver or lead
covered with platinum black, or a plate of gas carbon may be em-
ployed. The carbon should be first pulverized, then mixed with
molasses, molded under a high pressure, and finally heated to
redness.

A battery known as a Smee, is then easily made by filling a
glass jar half full of dilute sulphuric acid (1 part in 10) and im-
mersing in it two or more plates side by side of amalgamated zinc
and platinum, or carbon. Wires are then connected with the
two plates, and a current sent through any pieces of apparatus by
merely connecting them with it. Such a battery is very clean
and convenient for many purposes, but it is not very powerful,
and rapidly grows weaker when the circuit is closed.

Instead of sulphuric acid, chromic acid is sometimes used,
formed by mixing one part of concentrated sulphuric acid with
four or five parts by volume of a saturated solution of bichromate
of potash; as the mixture will become very hot, the acid should
be added slowly and well stirred. The zine is commonly made so
that it can be lifted out of the liquid, as if left standing ix} it, it is
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gradually dissolved. Powerful batteries are made by using several
cells of this form, connecting the plates with a rack and pinion, or
with a wire rope and windlass, so that they may be lifted simul-
taneously by a crank. This battery has a large electromotive
force and small resistance; it therefore gives a very strong cur-
rent, but like the preceding runs down rapidly.

To remedy the difficulty arising from the weakening of batter-
ies with a single liquid, an important improvement was introduced
by Daniell, in a battery containing two liquids, sulphate of copper
and dilute sulphuric acid, separated by a porous earthenware dia-
phragm. A plate of copper is placed in the former liquid, amal-
gamated zinc in the latter. In one form of this battery the jar
itself is of copper, in which is placed the sulphate of copper, and
in this the earthenware cylinder, called the porous cell. The latter
ig filled with dilute sulphuric acid, so that the liquids shall stand at
about the same height inside and out, and the zinc is immersed in
it. 'When the ecircuit is closed, the chemical action takes place
through the porous cell, so that the hydrogen set free decomposes
the sulphate of copper and deposits the copper on the copper
plate. The latter therefore becomes heavier and heavier, instead
of being used up. Some crystals of sulphate of copper are placed
in the jar to replace that which is decomposed, otherwise the solu-
tion would grow weaker and weaker. Such a battery gives a
very steady or constant current with an electromotive force a little
over 1 volt. Sometimes the copper is placed in the interior, in-
stead of outside the acid, and sometimes a glass balloon, like a
Florence flask, filled with sulphate of copper, is inverted over the
solution in the jar, to replace that which is used up. These bat-
teries work best with the circuit closed when not in use, as the
electricity thus wasted costs less than the injury sometimes done
by a broken circuit. In the latter case, the copper is often depos-
ited on the porous cell in curious lumps not easily removed.

To avoid the trouble arising from a porous cell, gravity batter-
ies are used, in which the cell is dispensed with, and the two
liquids kept apart by the difference in their specific gravity. One
of the best forms of gravity battery is the Callaud, in which the
copper plate is placed at the bottom, and the zinc suspended some
inches above it. Water is then poured in until the zinc is just
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covered, and some crystals of sulphate of copper dropped in.
The circuit is then closed over night, and the next day the battery
will be in good working order. By dropping in a little sulphate
of zine the action may be hastened. The solution of sulphate of
copper being heavier than the acid, will remain at the bottom, as
is easily seen by its color. When the circuit has been closed for
some time the line of demarcation will be well marked, and will
gradually descend as the copper is used up. More crystals must
then be dropped in. On an open circuit the copper, by diffusion,
slowly ascends, the color gradually fading off. Such a battery
will remain in action for months with very little attention, and
gives a very constant current. To prevent evaporation, the surface
of the liquid is frequently covered with oil. It, of course, must
not be moved or the liquids will mix.

Another form of two fluid battery is the Grove, in which the
porous cell contains strong nitric acid and a plate of platinum;
the outer liquid being dilute sulphuric acid, in which is a plate of
amalgamated zine. Carbon is, for cheapness, often substituted for
the platinum, the battery then being called a Bunsen. When the
circuit is closed the nitric acid is decomposed, a part of the oxygen
uniting with the hydrogen and setting free binoxide of nitrogen,
which on contact with the air forms dark red fumes of hyponitric
acid. These fumes are very objectionable, as they are hurtful to
breathe, and at the same time rapidly corrode brass, and other
metal surfices. Various plans have been tried to remedy this
difficulty. For instance, they are rapidly absorbed by alcohol or
by quicklime, and one of these substances is therefore sometimes
placed in flat dishes in the same box as the battery. A mixture
of bichromate of potash and sulphuric acid is sometimes added to
the nitric acid, the chromic acid at once oxidyzing the nitric
fumes. The principal objection to this arrangement is that the
chromium permeates the carbons, forming a disagreeable green
mass in the inner cell. The electromotive force is also less than
that of a Bunsen or Grove cell.

The best remedy is to place the battery out doors, or under a
well ventilated flue, or in an adjacent battery room, where the
fumes will do no harm. 3

Another form of battery much used at the present time ‘s the
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Léclanché. This consists of a porous cell containing a rod of
carbon tightly packed with pulverized binoxide of manganese and
placed in a glass jar containing a saturated solution of chloride of
ammonium. The negative electrode is a rod of amalgamated
zine. These cells are very good when the eircuit is closed only
for a few minutes at a time, as the electromotive force is high and
the resistance small, but they run down very rapidly when the
circuit is closed. Many other forms of battery are also in use,
but generally their action is readily understood from the above
examples.

The advantages of a Smee battery are its cheapness, convenience,
cleanliness and the rapidity with which it will work. Its objections,
its small electromotive force, and that it rapidly grows weaker on a
closed circuit. It is, however, much used for electric clocks and
bells. A chromic acid battery is very powerful, but rapidly grows
weaker on a closed circuit, and the zinc must not be left in the
liquid. It is very suitable for the induction coil, or for an electro-
magnet, as it can be set in action by simply lowering the zines into
the liquid. The Daniell and gravity batteries are well adapted to
giving constant currents for a long time, and, in fact, are the best
for closed circuits. The resistance is, however, considerable. They
are much used on telegraph lines, and for electro-plating. The
Bunsen and Grove batteries are commonly used where a very pow-
erful current is required, as for the electric light, large magnets and
coils. The resistance is small, and the electromotive force large,
but the fumes are very objectionable, and the zincs have to be re-
amalgamated every day. They should always be dismounted and
the parts washed after using. The advantages of the Léclanché
cell are much like those of the Smee, and it is very well adapted
to electric bells, and will keep indefinitely on an open circuit.

Two other sources of electricity are also sometimes employed, the
thermo-battery and the magneto-electric machine. The first of these
consists of a number of pair of strips of different metals soldered
together at the ends, and heated by gas-burners at the inner ter-
minals, the outer ends being kept cool by the air currents circu-
lating around them. To use them, the gas is lighted, and when
they are thoroughly heated, a current of great constancy is ob-
tained. The magneto-electric machine consists in substance of a
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magnet, in front of which an electro-magnetic armature revolves,
and thus generates a current of electricity as long as the rotation
is maintained. These instraments will be described more in detail
hereafter, in connection with the methods of testing their effi-
ciency.

Connections. To pass a current through any piece of apparatus,
its ends must be connected with the two terminals of the battery
by wires or other good conductors. The circuit is then said to be
closed, and the current will flow from the positive, or carbon pole
of the battery, through the connecting wires to the apparatus, and
through the latter and the second connecting wire back to the
negative pole of the battery. If two connecting wires cross each
other so as to touch, or rest against the same metallic body, the
current is liable to pass directly from one to the other, instead of
going through the instrument to which they are attached. It is
therefore common to cover them with some insulating material by
winding them once, or better, twice, with cotton or silk. They
are then called covered wires. To prevent unravelling the thread
is sometimes braided, and to render it more flexible, several fine
wires are sometimes used instead of a single coarse one. The wire
is then often painted, or soaked in parafine to render it impervious
to water, although it is safer to cover wires which are to be used
in water with a layer of rubber. To connect two wires so that the
current shall pass from one to the other, it is only necessary to
scrape their ends clean and twist them together. Or, they may be
cleaned by immersing them in acid and then washing in water and
drying. If the junction is to be permanent, it is better to solder
them. In this case resin should be used instead of soldering acid,
for the latter being hygroscopic, is liable to absorb moisture, keep-
ing the ends of the wire wet, rusting it, and spoiling the connection.

Where the connection has to be made whenever the apparatus
is used, dinding screws, or screw cups are more commonly em-
ployed. These consist of little pieces of brass in which a hole is
.bored, into which the end of the wire is inserted, and fixed in place
by a set screw with a milled head, which presses against its side.
Sometimes the screw cups are made with two holes, so that two
wires may be attached at the same time. Generally the binding
screw terminates below in a screw, by méans of which it may be
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attached to the wooden frame of the apparatus, a connection sol-
dered on below, and connecting wires attached when desired by the
screws. Wires are sometimes connected by double or triple bind-
ing screws, instead of soldering them.

Another method of connecting two wires is to dip both of them
in a small cup containing mercury. The cup may be made by
boring a hole partly through a board and putting a drop of mer-
cury into it, or a metallic cup may be used, and one wire soldered
to its exterior. Mercury cups are convenient from the ease with
which the connections may be altered, but they are objectionable
if they have to be moved, and in accurate experiments the resist-
ance they interpose is found to be variable.

Keys. When a circuit must be broken and closed a great many
times in the course of an experiment, a device called a key is em-
ployed. .One of the simplest forms of key is made by fastening
the two wires t0 a board, and screwing one end of an elastic
piece of brass on to one of them, so that the other end shall be
over the other wire. The circuit is closed by depressing this end
with the finger, while the elasticity of the brass raises it, and
breaks the circuit when the finger is removed. Sometimes a
stiff piece of brass is used, placed' between centre-screws, and
raised either by a spring or by a counterpoise on the other end.
The points of contact of the key should be tipped with platinum,
or they will rust or burn away rapidly, especially if the current is
strong.

Plugs. Two pieces of brass are attached to a base of hard rub-
ber or wood, and separated by a short distance. A conical hole is
then bored between them, so as to form a groove in each. Into this
is fitted a brass conieal plug and ground in, so that it shall fit
tightly, When the two brass pieces are connected with the wires
of the circuit, the latter may be closed at will by inserting the plug.
It may therefore with advantage be substituted for a key when
the circuit is to be closed for a considerable time. A plug is also
used when we wish to throw the current out of a piece of appara-
tus without breaking the circuit. The current is here allowed to
pass from one brass piece to the other through the apparatus, On
inserting the plug the resistance of the latter is so small that all
the electricity passes through it.
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The great ad\}antage of a plug is the excellence of the contact,
the surfaces being ground together, and any dust or rust being
rubbed off every time the plugis inserted. The surfaces are there-
fore kept bright, and the pressure renders the resistance exceed-
ingly small. Sliding contacts are much to be preferred to simple
pressures, as the latter are liable to introduce considerablé resist-
ances, even if the surfaces are protected from rust by platinum.

Switches. When the current, instead of being cut off, is merely
to be diverted into another wire, a switch is used instead of a key.
Let 4 be a wire connected with one pole of the battery,and B and
C two similar wires connected with the other pole, and with the
two instruments throngh which we wish the current to pass, and
suppose we wish 4 connected sometimes with B, and sometimes
with C; the wires B and C are attached side by side to a small
board, their ends being held down by screws with rounded heads.
A ;short distance from them A is similarly attached, the screw
whieh fastens it passing through a flat strip of brass, which turns
with frietion, so that its end may rest on either B or C. Its shape
is such that it always pushes against one of these screw heads,
thus insuring contact, and the friction as it slides over them keeps
the surfaces bright and clean. By merely moving it from side to
side the current may be thrown into one wire or the other.

Commutators. It is frequently necessary to send a current
through a given instrament, first in one direction and then in the
other, and this is done by what is called a commutator. In Fig. 66
let A, B, (, D, represent four quadrants of brass, of
which each is separated from the two adjacent to it 4 B
by a short interval, but may be connected by plugs. @
Suppose 4 and D connected with the positive and
negative poles of the battery, and B and € with the
two terminals of the instrument through which the cur-
rent is to be passed. Then if AB and CD are connected by
plugs, as represented by the white circles in the figure, the cur-
rent will pass from the battery to 4, by the plug to B, through
the instrument to C, and back through the second plug to D and
the other pole of the battery. To reverse the currents, change the
plugs 50 as to connect 4 €' and BD, as shown by the black circles,
when the current will pass. through 4 € and the instrument to B,

¢ D
Fig. 66.
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and back to the battery by D, in this case passing from C' to B,
and before from B to €. A commutator on the same principle is
made by replacing the four quadrants by four mercury cups, and
connecting them alternately by two bent wires which replace the
plugs. One of the best forms of commutator is shown in plan in
Fig. 67." F'is a hard-rubber cylinder, which
may be turned around a horizontal axis so that
it shall rest against the two brass springs 4
and 0. Itisheld in place by the supports
B and C, and carries two strips of brass, one
connected withits axle at the end B,the other
at C)as shown by the dotted lines. If now,

as in the previous case, 4 and D are con- S 3
nected with the battery, and B and ¢ with the given instrumen
the current will pass from 4 through the cylinder to B, thence by
the instrument to €, and backby D. When the cylinder is turned
180°, the current from 4 will pass to Cinstead of B, and thus
traverse the instrument in the opposite direction. By turning the
cylinder 90° the current is broken, and may thus be used as a key.
Another commutator is made by connecting the terminals of the
battery with two brass plates, one fastened to the table, the other
held by a spring just above it. The wires attached to the instrument
are fastened to two plates, separated by a piece of hard rubber, and
forming a wedge. When the latter is inserted between the plates
attached to the battery, the current passes and may be reversed by
simply turning the wedge over. Another simple commutator is
made by bringing the two pairs of wires together in a sort of
swivel, so that on turning either around 180° the current is re-

versed.
95. Garvaxic ErecrriciTy.

Apparatus. A battery of three or four Bunsen cells, or of
equivalent strength, an anialgamating trough, some examples of the
screw-cups, plugs, keys, switches and commutators described above,
some fine platinum wire, a coarse galvanometer, an electro-magnet,
electric bells, an electro-magnetic engine, some U-tubes with pla-
tinum terminals, and some chemicals for decomposition.

Experiment. Mount the battery as described above, first amal-
gamating the zincs, and connect the cells for tension, that is, the
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zine of one cell to the carbon of the next. When the experiment
is completed, dismount the battery, pour back the acids and soak
the zincs, carbons and porous cells in water. The connections
must all be made with care, the wires scraped bright, and the
screws turned so that they press hard against the wires. On taking
hold of the terminals, no shock will be felt unless the hands are
moist and the battery powerful ; but touching the wires to the tongue
a slight metallic taste will be noticed, not present when the battery
is not attached. On bringing the terminals slowly together, no
effect is produced until they are in contact or the circuit closed, but
on separating them so as to break the circuit, a small spark will be
noticed. 'This effect is greatly increased by attaching one terminal
to the end of a file and drawing the other over the roughened
surface, when a series of sparks is produced, due to the combustion
of the minute particles of metal thrown off.

If the terminals are connected with a short piece of fine platinum
wire, the latter is heated, and by diminishing its length, its tem-
perature increases, becoming red, yellow, white, and finally melt-
ing. Such a wire forms an excellent cautery, and would be much
used in surgery but for the difficulty of procuring a sufficiently
powerful and constant source of electricity.

To show the effect of a current on a magnetic needle, connect
the two poles of the battery by a copper wire, so that the current
shall pass through it ; then holding the wire north and south, bring
it down over the needle, when the latter will swing out to one
side. See if the direction is that given by Ampére’s law, and by
the laws of currents given in Appendix 4. Now place the wire
below the needle, and the latter will turn in the opposite direction.
These effects may be reversed by turning the wire over so that the
curent shall flow in the opposite direction. Next, connect the
two battery terminals with two ends of a commutator, and the
terminals of the galvanometer with the other two ends. By
changing the direction of the current, the needle may be made to
deviate to one side or the other. Try the other commutators
in the same way. Place one of the keys in the circuit with the
galvanometer, and notice that the needle deviates only when it is
pressed down; do the same with a plug. Connect the latter also
80 that on inserting the plug in its hole the galvanometer is cut out
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of the circuit. Connect two galvanometers, or a galvanometer and
some other instrument described below, with a switch, and see how
the current may be passed through either. Shunt the galvanometer
by connecting its two terminals by double binding screws, both
with the battery and with a wire whose length may be varied.
Notice that in this case the current, and consequently the deflec-
tion, may be reduced as much as is desired.

Next, insert in the eircuit a commutator and the electro-magnet,
and notice that the latter has no effect on a piece of soft iron held
near it. Now close the circuit, and the magnet' becomes enor-
mously powerful, capable, if large, of supporting several hundred
pounds. It will also hold a heavy bar out horizontally by one
end, or support many small pieces of iron by induction. As
soon as the current is broken, the magnetism instantly ceases.
Holding a basket of nails under the magnet they hang in long
strings from it when the current is closed, and instantly drop when
the circuit is broken. Next, see which is the north end of the
magnet by noticing which end will attract the south pole of the
compass-needle; the current, as shown by Ampére, will circulate
around this in the opposite direction from the hands of a watch.
Now reverse the current by the commutator, and the magnetism
will be reversed.

An immense number of applications have been made of this
power of producing a powerful attraction, and causing it to cease
instantly. It is difficult to utilize it as a source of power, partly
from the expense and inconvenience of the battery, and partly
because the attraction diminishes very rapidly with the distance.
One of the simplest forms of electro-magnetic engiues is that of
Page, in which the current passes through the coil of a small bar
magnet placed between the poles of a permanent horse-shoe mag-
net. The bar magnet is free to turn end for end, and on its axle
is placed a commutator, so that the direction of the current changes
every 180°. Placing the bar magnet at right angles to the line
connecting the poles of the horse-shoe magnet, and passing the
current through it, its north end is attracted by, and approaches to,
the south pole of the permanent magnet; as it revolves past, its
magnetism is reversed, and consequently having the same polarity,
it is now repelled, and attracted by the other pole. A rapid motion
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is thus imparted to the bar magnet, which may be reversed by
means of a commutator.

Another important application of electro-magnetism is to electric
bells. These are of two forms, those in which there is a single stroke
when the cireuit is made or broken, and those in which the ringing
is continuous as long as the current passes. The first class is very
simply made by attaching a hammer directly to the armature of an
electro-magnet, which is thus drawn up against the bell when the
circuit is made, and pulled back by a spring on breaking the cir-
cuit. If the bell is large, so that the force of the magnet is in-
sufficient, the hammer may be moved by clock-work, which the
electicity serves simply to release. The arrangement for making
a bell ring continuously is shown in Fig. 68. A is an electro-
magnet through which the current passes and
thence through the spring supporting the arma-
ture, and the screw C by a wire to the other
pole of the battery. The first effect is to attract
the armature B, and bring the hammer in con-
tact with the bell D, striking it. But the cur-
rent is thus broken, the spring supporting B
having been drawn away from the screw C.
consequently the magnet ceases to act, and the
armature flies back until it makes contact again, and is again at-
tracted. These effects succeed each other with great rapidity,
producing a continuous ringing of the bell. € is a screw with a
milled head, so that it is easily brought into exactly the right po-
sition. This arrangement is much used for all kinds of alarm bells,
for hotel annunciators, on telegraph lines to announce that a mes-
sage is to be expected,and in experimental work to denote thata
looked-for event has taken place, since the bell will continue to
sound until the attention of the observer is called, and the circuit
broken. A similar arrangement is also employed to sustain the
vibrations of a tuning-fork, and as an automatic break-piece, to
make and break the current many times a second. This explana-
tion, which is that usually given, does not seem to be adequate,
since there would seem to be no power expended to overcome the
various resistances. After contact the magnet tends to retard the
armature until it comes to rest, as much as it accelerates it before

Fig. €8.
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contact is broken, and hence it would follow that owing to the re-
sistances, the vibrations should becomeless and less, and soon cease,
while in reality they may increase until they attain a large ampli-
tude, and overcome very considerable resistances. Probably the
true ex'planation depends partly on the residual magnetism of A4,
owing to which the magnet does not begin to retard the armature
until a short time after contact, and continues to accelerate it a little
while after the circuit is broken. Another explanation.is, that the
current does not begin to pass until the instant of contact, while it
continues passing a little while after the spring leaves €, asis shown
by the spark. Therefore the period of acceleration exceeds that
of retardation. It has been proposed to improve this device by
attaching C also to a spring whose time of vibration is somewhat
less than that of the armature, in which case, when approaching
the magnet, €' will follow B and keep the circuit closed, but on
the return, as it vibrates more rapidly, it will break the circuit, so
that the magnet accelerates half the time and does not retard the
other half. Powerful vibrations may be sustained in this way, but
the common method works sufficiently well in ordinary cases.
Connect the platinum electrodes and the poles of the battery with
a commutator, fill the beaker with water and immerse the elec-
trodes. On closing the circuit, little or no effect is produced unless
the battery consists of a great many cells. Now add some sulphu-
ric acid to the water, and immediately bubbles of gas will be given
off from each electrode. By filling some test-tubes with water and
inverting them over the platinum terminals, the gases may be col-
lected. It will be found that the gas given off by the terminal
attached to the negative pole has twice the volume of the other,
and is hydrogen, asis easily seen by igniting it. The other gas is
shown to be oxygen by holding in it a red-hot burnt match, when
it will glow and be relighted. If both guses are collected in the
same vessel, they will explode violently if ignited. This experi-
ment should be tried only with minute quantities of gas, and is
best performed by removing the mixed gases to another larger
and deeper vessel, and allowing a bubble at a time to ascend from
the bottom, and ignite it at the surface. The reason of the effect
of the acid is that the resistance of pure water is enormous, so that
the cwrrent with pure water is exceedingly minute, and most of



14 GALVANIC ELECTRICITY.

the gas dissolved as fast as formed. The acid acts merely by ren-
dering it a better conductor. Reversing the current by the com-
mutator, of course reverses the position of the gases disengaged.
When a solution of a salt is acted on by a powerful current of
electricity, a decomposition takes place by which the base is car-
ried to the negative or zinc pole, and the acid to the positive or
carbon pole. This effect is shown by the following experiments.
Fill a U-tube with a solution of sulphate of soda, and tinge it blue
with a little litmus. Place a platinum electrode in each arm of
the tube, and after some time the acid set free at the negative pole
will redden the litmus. This effect is hastened by stirring up the
liquid a little, so that the adhering layer of acid shall mix with the
remainder, If the current is reversed, the blue color will return,
the acid reuniting with the base. If a chloride, as common salt, is
used, the chlorine set fiee will bleach the solution, removing the
blue tint. By using a solution of iodide of potassium and starch,
the characteristic blue color of iodide of starch is readily pro-
duced. To bring the starch into solution, it should be first soaked
in cold water and then boiled. A similar effect is obtained with
ferrocyanide of potassium, using iron wires as electrodes, instead
_of platinum. Prussian blue is then produced at the positive pole.
The presence of the base at the negative pole is best shown by
salts of the metals. Pour a solution of acetate of lead into a
beaker and immerse the two electrodes. The lead will be at once
deposited on the positive terminal, in beautiful crystalline leaf-like
forms. A similar effect is obtained with nitrate of silver. With
sulphate of copper, if the current is not too strong, a smooth coat-
ing of metallic copper is deposited, the electrode, in fact, being
electro-plated. Copper may be deposited on other substances in a
similar manner, but it is better to arrange the apparatus expressly
for the purpose, as follows. A single large Daniell’s cell is used as
a source of electricity, and near it is a tank filled with a saturated
solution of sulphate of copper, to which has been added some sul-
phuric acid in the proportion of one part to ten of water. To the
positive terminal of the battery is attached a plate of copper to sup-
ply the metal to be deposited, and to the other terminal is fastened
the object to be plated. This should be cleaned and brightened
to remove the dirt or rust, and if not metallic, covered with a



]
TELEGRAPH. 15

coating of plumbago or black lead, to render it a good conductor.
To make a copy of a coin, model or other object, two platings
must be made, the first of the object, the second of the first plating.
Or, a cast may be made in plaster or wax rubbed with plumbago
and plated as above. A very constant current should be employed,
and one that is not too powerful, or the metal is liable to be
thrown down in lumps, in a fine powder, or to strip, that is not
adhere. Silver and gold are best deposited from solutions of
their cyanides, and in the case of gold the ligquid should be heated
to about 55° C. (130° F.).

96. TELEGRAPH.

Apparatus. The best apparatus for this experiment is a real
telegraph, or tables fitted up like real offices, two for termlnals, and
at least one way-station, with relay and local battery.

Experiment. A telegraph may be regarded as composed of four
parts, the source of electricity, the line or conductor for connecting
the two stations, the apparatus for sending the message, and that
for receiving or reading. For a source, a common galvanic battery
is employed, of a strength dependent on the distance and number
of stations, or, more strictly, on the resistance of the circuit. For
short distances, two or three Daniell or gravity cells are best.
The line consists of a wire, which should be of iron, galvanized
if the distance is considerable, suspended by glass or other non-
conducting supports, if it passes out doors, but in-doors a copper
wire may be simply tacked along the walls or floor, taking care
that it does not touch any large metallic or other conducting body.
Instead of a second wire to bring back the current, the two ends
may be connected with a gas-pipe, or, much better, a water-pipe.
If these are not available, two large metal plates may be buried
in the ground, and wires connected with them, forming what is
called an earth. The sending instrument is merely a form of key
described above, so that the ecircuit may be closed for a longer or
shorter time. The instrument for receiving the message, called a
register, consists of an electro-magnet, whose armatureis held back
by a spring, and carries a point, which, when the circuit is closed,
is held down on a long strip of paper drawn slowly under it by
clock-work. If the circuit is closed for an instant, a dot will there-
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fore be imprinted on the paper; if for a longer time, a line. It
was soon found that the dots and lines thus formed could be read
by the sounds produced by the armature, which clicks on being
drawn down to the magnet, and gives a different sound when
drawn back by the spring. Instead of a register, a sounder is
therefore used, which consists of a single electro-magnet and ar-
mature, the latter being drawn back by a spring whose tension
may be regulated by a screw. The object of this screw is to ad-
just the armature with the varying strength of the current, due
either to changes of the battery, leakage along the line, or, in long
lines, to currents of electricity from the air or earth. This is espe-
cially the case during displays of the aurora borealis, and during
thunder storms, when in some cases the battery may be for a time
dispensed with, and the line worked without. In wet weather the
insulators become covered with moisture, and cause a great leak-
age. During violent thunder storms, the line should be attached
directly to the earth wires, taking the instruments out of the cir-
cuit; otherwise there is danger of the lightning entering the build-
ing along the wire, burning up the magnets, and perhaps doing
other injury. The instruments are so connected that the current
passes from the battery, which may be placed at either end of the
line, through the key and sounder, along the line to the other sta-
tion, through its key and sounder to the earth, back through the
ground to the earth of the first station, and thus to the other pole
of the battery. When a message is to be sent from either station,
the key at the other end must be held down or thrown out of the
circuit by a plug or switch, as otherwise the circuit will be_broken,
and no current will pass. For the same reason, after sending mes-
sages, the circnit must be closed at both ends, as if left broken at
either station, the operator at the other end could not give notice
that he wished to send a message.

If the distances to be travelled are considerable, the circuit will
not be powerful enough to work a regisier or sounder, and there-
fore a relay is used, which resembles a sounder, but contains a mag-
net wound with very fine wire, and is thus sensitive toa very feeble
current. This is connected with a second battery, called a local
battery, and an ordinary sounder, and is so connected that when
the armature of the relay moves, it alternately makes and breaks
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the local cireuit. The sounder therefore acts with the full effect of
the local battery independently of any leakage or other changes in
the main line, whenever the main current is sufficient to work the
relay. On very long lines repeaters are used, which consist of re-
lays which throw a second main battery into circuit, and thns
repeat the message automatically.

To send a message, therefore, it is necessary first to arrange a
system of long and short currents or dots and lines to represent
each letter of the alphabet; and then any message may be sent by
spelling it out letter by letter with the key, when all the relays and
sounders along the line will move in accord. The alphabet ir use
on the Morse telegraph in this country is given in Fig. 69.

TR Q --—- 4 eem
B —--- R --- 5 ———
C --- S --- 6 ------
D —-- T — 7 ——--
E - U --— 8 —----
F -—- V o-e-— 9 —--—
G ——- W o-—— Comma - —-—-
Hoas 382 X -—-- Semicolon -~ — - —-
b (e 0 Y ---- Period --— —--
J¢ e Z --- - Interrogation —--—-
Kot dy=h & - --- Exclamation — — —-
j i 0 Parenthesis - — - - —
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Fig. 69.

Thus the letter 4 is represented by a dot and line, or by making
the cireuit first for an instant, and then for a longer time ; the letter
B by aline and three dots, or one long and three short currents,
and so on. The alphabet should not be memorized or practised in
order as given above, but the following system adopted. Two
students should work together at this experiment, and send and
receive alternately. It iswell at first to use the register, and record
the letters on the paper, to see that they are correctly formed. The

proper position for the hand, is to hold the button at the end of the
2
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key by placing the fore and middle fingers on it, and the thumb
under’its edge, nearly closing the other two fingers. Keep the
wrist limber, and rest the arm on the table at the elbow. The
motion must be mainly from the wrist, which should be perfectly
limber, but move up and down with the fingers, and not in the
opposite direction.

Now begin by making a single dot, pressing the key down firmly
and raising it instantly. The line thus made can scarcely be too
- ghort. Next make a series of these dots at regular intervals, grad-
ually increasing the speed until it reaches five or six in a second, at
perfectly equal intervals. Make the letters &, 7, S, H, P and 6,
which consist of from one to six equidistant dots. In all cases
begin slowly and make them very distinctly, gradually increasing
the speed, until they can be made to follow each other rapidly in
any order, and be read by the sound alone. Make the letters O,
R, &, C, Z andY, formed of dots unequally spaced. The short
interval is called a dreak, the longer one a space. The former
should have a length about equal to a dot, the latter twice this
amount. The letters of a word should be separated by an inter-
val of four dots, and the interval between words, six dots. The
dashes of the Morse alphabet have a length about three times that
of a dot, except in the case of Z or 0, which have double this
length. Originally 0 was made longer still, or equal to nine dots,
but it is now commonly made identical with Z. The single dash
representing 7" should now be practised, also the longer dash, I
both are liable to be made too short, especially the latter. Make
a series of dashes succeeding each other, trying to bring them as
close as possible, the hand jumping from each to the next. Prac-
tise together the characters 7, I, 0, M, 5§ and Paragraph. The
next combination is the dot followed by the dash, as in the letter
A3 this must be practised carefully, taking great care not to sep-
arate the two characters, and not to make the dot too long. Prac-
tise 7, O, M, and A; when these four letters are well written,
practise 4, U, V; 4, and W. The dash followed by a dot, as in &V,
is a still more difficult combination. There is the same difficulty in
making the interval too great, and the dot and dash of the same
length. Practise together Z, O, M, A and &, until each is clearly
distinguished. Then try &, D, 8, G, 7 and Exclamation. A dash
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between two dots and a dot between two dashes, as # and XK,
should next be practised, and after them @, X, 2, 3,7, Comma, Sem-
icolon and Quotations. The only remaining characters are 1,
Period, Parenthesis, Interrogation and JItalics, which may be
learnt next, although the only punctnation marks in common use
on most lines are the comma and period. The alphabet may now
be practised in order, words spelt and messages sent. Let each
student take a book and send a line alternately until each has com-
pleted his page.

A convenient method of learning the alphabet is by a little instru
ment formed of a steel spring, which makes a click when bent, ot
when allowed to snap back, thus imitating a sounder. A knowledge
of the Morse alphabet will be found useful for signalling in many
cases besides by a telegraph. Thus two persons may signal to
each other at considerable distances by long and short notes on a
whistle or horn. Again, messages may be sent by waving the
hands or a piece of cloth, agreeing that one position shall repre-
sent a dot and another a line.

97. Invucrion Corirs.

Apparatus. An induction coil, the battery of Experiment 95,
a Leyden jar, some Geissler tubes, terminals of various metals, a
spectroscope, and some fine uncovered copper wire for connections.

FEzxperiment. The induction coil consists of two coils of wire,
the inner or primary consisting of a few turns of stout copper wire,
and the outer or secondary of a very long, fine, carefully insulated
wire. The coils of the primary wire are connected with the bat-
tery, and the instant the circuit is made or broken a current is
induced in the secondary coil, which on account of its great length,
attains a high potential, each coil adding to the effect of the pre-
ceding. When the circuit is made, the secondary current has the
same direction as the primary ; when broken, an opposite direction.
As a carrent is induced also in the primary circuit which dimin-
ishes the secondary current, a condenser is connected with the
inner coil, formed of alternate sheets of tin foil and oiled silk, by
means of which the current induced in the primary is absorbed.
Inside the inner coil are placed a number of wires, or a bar of soft
iron, by which the effect is greatly increased. In coils used for



20 INDUCTION COILS.

medical purposes, the common method of reducing the current is
by partially withdrawing this core. Its effect is due to the pow-
“erful magnetic action induced, which ceases when the primary
circuit is broken. It acts, therefore, by magneto-electricity. Much
depends on the rapidity with which the current is made and
broken. In small coils this is usually done automatically by an
arrangement like that described under Electric Bells, Experiment
95, the iron core being used as the electro-magnet. In larger in-
struments various devices are employed; sometimes the current is
broken by withdrawing a point from a cup containing mercury,
whose surface is covered with aleohol to protect it from oxidation,
and to render the action more instantaneous. Sometimes a toothed
wheel raises a spring hammer, which by its rapid descent suddenly
breaks the circuit.

The two ends of the primary terminate in screw cups, to which
the battery wires are to be attached. " The secondary coils
should be connected with brass points, whose distance apart is
readily varied. Making and breaking the circuit a spark will pass
between these points if their distance is not too great. Be careful
not to take the shock, as its effects are very disagreeable, though
not dangerous. All the connections of the secondary coil may be
made with the fine wire, which is convenient from the ease with
which it is bent, while the electro-motive force is so great that the
resistance has little effect.

Separate the points and connect the terminals of the secondary
coil with one of the Geissler tubes. The latter consist of glass tubes
of various, often fantastic, forms, containing gases at extremely
feeble pressures. Platinum wires are sealed in at each end of the
tube, by which the electricity is conveyed to the interior, and
thence passes through the rarefied gas. Now make and break the
primary circuit rapidly, when the whole interior of the tube will
be illuminated with a beautiful light, whose color depends on the
kind of enclosed gas. Sometimes phosphide of ealcinm, or other
phosphorescent substances are enclosed in the tubes, which then
shine after the current has ceased. The phenomena of fluorescence
are also well shown by placing sulphate of quinine in the tubes,
washing them with uranium salts, or making them of uranium glass.
The light of the spark being intermittent, if a moving body is
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viewed by it, a large number of images are formed, as with the
stroboscope. This effect is well shown by shaking the hand rapidly
near it, or by moving the head from side to side. Sometimes the
tubes are made to revolve, and beautiful colored stars are thus
produced. If the wires connecting the coil and brass points are
connected, one with the inner, the other with the outer coating of
the Leyden jar, the spark at once changes its character ; it becomes
much more brilliant and dense, but shorter, producing also a much
louder snap, since it now must first, so to speak, fill the jar or con-
denser before it can leap across, a much greater quantity therefore
passing at a time.

Next, view the spectrum of the Geissler tube with the spectro-
scope, as described in Vol. I., Experiment 76, using by preference
tubes contracted along the centre, so that the light is reduced to a
narrow, bright line. The spectra thus obtained consist of several
bright lines, characteristic of the contained gases. Measure the
position of these lines, and determine their wave-length. Replace
the tubes by terminals of various metals, and observe the spectra
as before. The effect is here greatly improved by using the Ley-
den jar. Another method of obtaining the spectrum of a metal is
to make a solution of its chloride or other salt, connect it with one

» terminal of the coil, and the other terminal with a platinum wire
brought near its surface, and observe the sparks between them.

98. LAw oF GALVANOMETER.

Apparatus. A battery giving a nearly constant current of elec-
tricity, as a Daniell’s cell or a thermal battery, a variable resistance,
that 1s, a set of resistance coils or a rheostat, and the galvanometer
to be tested.

Experiment. Make connections as in Fig. 70, so that the current
shall pass from the battery, B, through the
resistance, 2, and galvanometer G.

Give R various values, and record the
reading of G in each case. If a tangent
galvanometer is used, read from both ends
of the needle and take the mean. If the ks
galvanometer is very sensitive it should be shunted, that is, its
two terminals connected by a German silver wire, which thus
allows but a small part of the current to pass throngh it.
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Next, construct a curve with abscissas equal to the various val-
ues of R and ordinates to those of the deflections . Prolong this
curve to the left of the axis of ¥ until the point is reached where
@=—90°. The abscissa of this point shows how much the resist-
anée must be diminished to render the current infinite, or to reduce
the total resistance to zero; it therefore gives the resistance of the
battery and galvanometer. Next construet a second curve, having
ordinates as before, equal to the angles of deflection, and abscissas
to the strength of the current. The latter, since the eleqtromot,ive
force, F, is constant, by Ohm’s law is inversely proportional to
the total resistance, that is, equals the reciprocal of the sum of the
resistances of the rheostat, galvanometer and battery, multiplied
by a certain constant ZZL Determine this constant from Ex-
periment 99, and then construct the curve, which will give the
absolute strength of  the current in vebers, directly from the read-
ing of the needle.

If we merely wish to see if the galvanometer follows the law of
the tangents, construct a curve with abscissas equal to the resist-
ance of the rheostat, and ordinates to the cotangent of the angle
of deflection. If the law of the tangents holds, this construction
will give a straight line which will meet the axis of X at a point
whose distance from the origin will equal the resistance of the
battery and galvanometer.

If the galvanometer is shunted and its resistance is &, and that
r

of the shunt , then the fraction z only, will pass through

=
the galvanometer, and the above results must be multiplied by this

fraction to deduce the strength of current required to produce a
given deflection when the shunt is used.

To measure a current with this instrument is then a very simple
matter. Pass the current through it, note the deflection and find
trom the curve the absolute strength of current. If the galvanom-
eter follows the law of tangents, multiply the natural tangent of
the angle of deflection by kL and the same result is attained.

99. GALVANOMETER CONSTANT.

Apparatus.  One or more galvanometers to be measured, a very
constant battery, a German silver wire, and a beaker containing a
solution of sulphate of copper, in which two copper e]ectroges
may be placed.
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Experiment. Several galvanometers may be measured simulta-
neously by this method almost as easily as a single one. The nee-
dles are bronght carefully to
the zero, and they are then all
placed in the circuit as in Figure
71, taking care to place them at
such a distance apart that their
needles shall not affect each
other. Connect the two termi-
nals of the battery with the German silver wire S so that it
may be lengthened or shortened, and thus by varying it, the
strength of the current through the galvanometer kept constant.
If either of the galvanometers as G” is very delicate, it should be
shunted so that its needle shall be deviated about as much as the
others; this is easily effected by connecting its terminals with a
wire of German silver, varying its length until the desired deflec-
tion is attained. Next, weigh the electrodes carefully, and con-
nect one with oue pole of the battery, the other with the terminal
of the galvanometer.

So much of the experiment is preliminary, and the remainder
should, if possible, be performed at such a time that observations
may be taken at intervals for several hours; for instance, starting
early in the morning, and observing them every hour or two, during
the day. Close the circuit by immersing the electrodes in the sul-
phate of copper, and bring them so near each other that the devi-
ation of the needles shall be between 20° and 70°. Record the
time and read carefully the deflection of each galvanometer. If
the battery was perfectly constant, it might be left to itself for
several hours, but as it is liable to vary, it should be watched, and
any change in the needle corrected by shortening or lengthening
the wire S, so that the current through the galvanometer shall be
nearly constant. This shonld be continued for several hours, and
the circuit then broken by raising the electrodes out of the liquid,
washing them meanwhile with a stream of distilled water from a
wash-hottle. Then wash again in distilled water, and finally
in alcohol. Note the‘time when the eircuit is broken, and see
if all' the needles return tof zero. Having dried the electrodes
weigh them carefully, when it will be found that one will have iu-

Fig. 71.
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creased, the other diminished,in weight, the copper being removed
from one onto the other. The increase,w, is the most to be relied
on, but it is well to measure the diminution of the other electrode
also, as a check. A current of one veber will deposit .326 milli-
grammes of copper per second. Hence the current in the present

case will be gé%—t in which ¢ is the time in seconds. If either

of the galvanometers follows the law of the tangents, K77 is de-
termined directly from the equation ¢ == %M tang v, in which
both € and v are given. In other cases, the observations of Ex-
periment 98 must be employed. Determine from them what total
resistance K’ was required to produce the deflection observed in
the present experiment. But the deflection being the same, the
currents also must be equal ; or since Z = CR/, the electromotive
force then employed may be computed. Substituting this value of

E and the observed total resistance in the equation €' = = Ve

obtain a series of values of the current corresponding to various -
deflections. A curve should be constructed for each galvanometer
with these quantities as codrdinates, and will prove of the greatest
value as it will show the absolute strength of the current in vebers,
corresponding to any given deflection.

The quantity X should be frequently determined to test its
constancy, as it varies with the horizontal component of the earth’s
magnetism, with changes in the position of the needle in the coil,
and of the distribution of its magnetism. The first of these
causes will alter all the ordinates of the curve in the same ratio,
while the last two will change its form. Variations in the intensity
of the magnetism of the needle will not affect the curve, since it
changes the component due to the earth and that due to the coil
in the same ratio.

Having found the constant of one galvanometer, that of any
others may be found directly from it. Thus, connect them as in
Figure 71, except that the beaker of sulphate of copper may be
thrown out of the circuit. Alter S until the deflection of the
galvanometer previously measured is the same as before. Then
the current is also the same, and hence from the deflections of the
other galvanometers, their constants tmay be determined as above.

For a Thomson, or other very delicate galvanometer, a simple
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shunt is not sufficient, unless the wire is so short that its resistance
cannot be accurately determined. In this case, after shunting it,
connect one terminal with a large resistance, and then connect
the other terminals of the galvanométer and resistance with a
second shunt. A third reduction may be made if necessary, and
the deflection thus reduced indefinitely. If the galvanometer is
astatic, or has a damping magnet, of course the slightest change in
its magnetism, in that of the earth, or in the position of the mag-
net, will greatly alter its constant. Another method of finding the
constant of a sensitive galvanometer will be given under Experi-
ment 104, and the results shounld be compared to check each other,

100. CosINE (GALVANOMETER.

Apparatus. A constant battery, a commnufator, some German
silver wire and a cosine galvanometer. The latter differs only
from a tangent galvanometer in having the coils free to turn
around a horizontal axis, the angle being measured by a graduated
circle and index.

Experiment. Turn the galvanometer around horizontally, read-
ing the two ends of the needle to see if they agree. If not, there
is an error of eccentricity, and the mean should always be em-
ployed. ,Turn the instrument until the needle points to 0° and
conneet with two of the terminals of the commutator, and the
battery with the other two. The current may now be passed in
either direction through the galvanometer, and should give its nee-
dle a deflection of 60° or 70°. If] as is probable, the deflection is
greater, shunt the battery by connecting its terminals by the Ger-
man silver wire, and reduce the length until the required deflec-
tion is obtained. This deflection may now be altered from its
greatest value when the coils are vertieal, to 0° when they are
horizontal. Bring them into the latter position, or so that their
index reads 90°, and see if the needle reads 0°. If not, the instru-
ment is not levelled, and one side should be raised or lowered until
the needle is brought to 0°. Turn the coils 180° and see if the
needle again points to 0°. If the needle is hung by a fibre of
silk this correction may alter its eccentricity. Next, make the
coils vertical, or at 0° and take a series of readings of both ends of
the needle, turning the coils 10° at a time. Calling » the mean
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af

angle of the needle, and w that of the coils, compute tang v sec w,
which should be a constant in each case.

Turn the coil until the deflection is somewhat less than 45°, and
bring the needle to 0°, by turning the whole instrument horizon-
tally. Break the circuit, and let the needle come to rest. Its
reading will show the amount the galvanometer has been turned,
and its sine multiplied by the secant of the angle of the coils
should give the same result as before.

It will be seen that the current may be measured in a variety of
ways by this instrument. First, with the coils vertical, as by a
common tangent galvanometer. Secondly, inclining the coils a
series of readings may be taken whose mean gives the strength of
the cuirent with great accuracy. And thirdly, bringing the needle
to 0° by turning the whole instrument, and determining the deflec-
tion by breaking thé current. The instrument is then used like a
sine galvanometer.

Comparing the three methods, the tangent galvanometer gives
good results for angles less than abont 60° or 70°, but above this
point the tangents increase so rapidly that a considerable change
in the current corresponds to but a small alteration in, the position
of the needle. The sine galvanometer is more troublesome to
read, and cannot be used for strong currents exeept by inclining
the coils, as when the deflection exceeds 45° the needle cannot be
brought to coincide with them. In the neighborhood of this
point, however, it is very sensitive, and might be used with advan-
tage when, as in Experiments 99 and 108, we wish to detect a
slight variation in the strength of a current. The advantage of
the cosine galvanometer is that several independent readingsinay
be taken; especially in the case of strong currents, when by turning
the coils, the necdle may be brought to that part of its scale where
it is most sensitive. It is open to the objection, however, that if
the coils are very much inclined they tend to make the needle dip,
owing to the large vertical component. It is therefore generally
better with very strong currents to partially reduce the effect by
shunting the instrument. :

101. DIFFERENTIAL GALVANOMETER.

Apparatus. A battery of one Daniell cell, a differential galvan-
ometer, a rheocord, an ohm, an accurate sheet-metal gauge or
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wire gauge, and some copper wire whose resistance is to be de-
termined.

Eaxperiment. A differential galvanometer differs from the ordi-
nary form in having two equal coils, through either or both of
which the current may be passed. It may be used as a common
galvanometer by employing only one coil, or connecting them to-
gether so that the current shall pass in the same direction through
both. Thus calling the coils 4B and CD, we may use AB or
CD alone, or we may connect B and C'and pass the current
through ABCD. In this case we have double the number of coils
of either separately, but double the resistance. Again we may
connect A and C, B and D, and thus have a galvanometer of
only one-half the resistance of either coil separately. The current
in this case divides, a part going through A (' and part through
BD. The differential galvanometer is ordinarily used to test the
equality of two currents by passing them through the coils so that
they shall tend to turn the needle equally in opposite directions,
or leave it at rest. The deflection in any case will equal the dif-
ference of the two currents.

This will only be the case when the two coils have the same re-
sistance, and have the same relative position with regard to the
needle and this must therefore be tested first. Connect the termi-
nals B and D together, and 4 and € with the battery, so that the
current shall traverse the path ABDC, or the same current go
through both coils in opposite directions. Then if the coils are
rightly placed they will have no effect on the needle, which will
remain at zero. If not, one or both of them must be moved until
this condition is fulfilled. Next connect A and D, B and C, and
pass the current through, when it will divide, equal parts going
through each coil if the resistances are equal, and not deflecting
the needle. When both these tests are satisfied the instrument
is ready for use.

The last eonnection is that commonly employed when using
the galvanometer, two circuits being formed, one for each coil.
Insert the ohm in one circuit, and the rheocord in the other. The
latter consists of two platinum wires stretched side by side over a
millimeter seale, and connected together by a slide formed of two
thimbles joined together and containing mercury, through which
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the wires pass. By varying the position of the slide, the length
of the wire in the circuit may be altered, and its amount deter-
mined by the scale. Move the slide until the deflection of the nee-
dle is reduced to zero. Then remove the ohm and connect the
wires attached to it directly together. Bring the needle again to
zero, and the difference in reading gives the scale-reading corres-
ponding to 1 ohm. Repeat two or three times, and it will be
found that the results are not wholly concordant, owing to the im-
perfect connection made by the mercury. Now interchange the
theocord and ohm, and if the galvanometer is correct the same
value of the ohm should be obtained; if not, the true value will
be the mean proportional of these two.

Place the rheocord in one circuit, and a measured length of the
wire in the other, and bring the needle to zero. This by a simple
proportion gives the resistance in ohms. Repeat with another
piece of different length. Now find the diameter of the wire
by the sheet-metal gauge. For this purpose close the gauge by
turning the milled head and see if the reading is zero; if not, this
reading must be added to, or subtracted from, the observed read-
ing, according to its sign. Next turn the milled head, insert the
wire, and close the gauge on it. The reading is then taken as
with any micrometer screw. In Brown and Sharpe’s gauges-one
turn of the screw equals 44 of an inch, or .025, and the head is di-
vided into 25 equal parts, each of which accordingly equals one
thousandth of an inch. The reading should be repeated several
times on different parts of the wire. The resistance of a wire of
pure copper 1 metre long and 1 mm. in diameter at 0° C..equals
0127 ohms, and for any other wire is proportional to its length,
and inversely as the square of its diameter. This quantity must
be multiplied by (14-.0038 ¢) in which ¢ is the temperature of
the room. Compute from this what would be the resistance if the
wire consisted of pure copper, and dividing the observed resist-
ance by this quantity gives the relative conductibility compared
with pure copper.

Various devices have been proposed to remedy the defects of
the rheocord. It may be constructed Iike a sonometer, the con-
nection being made through the movable bridge. Formerly resist-
ances were generally measured by the rheostat, which consists of
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two cylinders, one of wood the other of metal, so connected that
a wire may be wound from one on to the other, and the resistance
thus varied at will. In another form the wire is wound on a
wooden cylinder, and the connection made at any desired point
by a sliding elastic strip of brass. None of these instruments,
however, give very satisfactory results.

102. WHEATSTONE'S BRIDGE.

Apparatus. A Wheatstone’s Bridge and set of resistance coils,
a Thomson’s galvanometer, shunt, lamp and scale, a battery of two
Daniell’s cells, some coils of wire whose resistance is to be deter-
mined and some copper wire.

Exzperiment. These various instruments must be described in
detail before showing how to use them. The Wheatstone bridge,
though in principle the same as that
given in Appendix A, in its actual con-
struction bears no resemblance to the
figure there given. It is represented
in Fig. 72, and consists of a number of
resistance coils connected end to end,
with stout brass pieces between them,
which may be connected together by
plugs, so as to form three continuous lines, CB, BO and 0D,
whose total resistance is extremely small. At 4, B, C, and D, are
placed screw cups with which wires may be connected, and be-
tween-A and (' are three resistances of 10, 100, and 1000 ohms,
either of which may be thrown into the circuit by merely drawing
its plug. Three similar resistances are interposed between 4 and
B, while between O and B are coils of 1,2, 2,5, 10, 10, 20, 50
ohms, and between O and D coils of 100,100, 200, 500, 1000, 1000,
2000 and 5000 ohms. The battery is now connected with 4 and
D, the galvanometer with B and €, and the resistance to be meas-
ured P, with C'and D. The current accordingly divides at 4,
part passing through M and O, and the remainder through V and
P, the galvanometer remaining at rest only when M : N= 0 : P.
M and N may evidently have values of 10, 100 or 1000 ohms, and
O anything from 1 to 10,000 ohms.
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The Thomson’s galvanometer consists of a long eoil of very fine
wire, at the centre of which a minute mirror is hung by a single
filament of silk. To the back of the mirror is attached a little
magnet whose motions are greatly magnified by placing in front of
it a scale of equal parts and a lamp, in such a position that the
image of the flame shall be reflected on to the seale by the mirror.
To render the light as bright as possible, the flame which is formed
by a flat wick, is placed edgewise, and the mirror is slightly con-
cave, or a convex lens is interposed between it and the scale.
Sometimes a narrow slit is interposed in front of the lamp, so as to
form a bright line on the scale, but it is generally better to nse a
broader slit with a horse-hair stretched down its centre. A
bright rectangle is therefore projected on the scale with a black
line'in the centre, whose position can be read with great precision.
To bring the spot of light to the center of the scale, and to neu-
tralize in part the magnetism of the earth, a magnet is placed
above the coil with its north pole turned towards the north. Grad-
unally lowering this magnet, the effect of the earth will be neuntral-
tralized more and more, as is shown by the increased time of
vibration of the mirror and spot of light. Finally, a point is
reached where the needle turns and assumes any position at will.
The earth’s magnetism is here neutralized, and if the magnet is
still further lowered the suspended needle will point with its
north pole to the south. Since, with a given eurrent the tangent
of the deflection is always inversely proportional to the horizon-
tal component of the earth’s magnetism, if the latter is rendered
very small, the former may be increased indefinitely, so as to pro-
duce a large deviation with even a very feeble current. The
instrument as thus adjusted is very sensitive, so that a siight
current will throw the spot completely off the screen, and an ordi-
nary current might injure the instrument. To reduce its sensibil-
ity a shunt is employed in which its terminals may be connected
by a wire having a resistance of }, ¢ or g}y of that of the coil.
In the first of these cases, for one part of the current passing
through the galvanometer, nine will pass through the shunt, hence
the galvanometer will receive only one tenth of the whole. The
others, in the same way, cut off all but one hundredth and one
thousandth. These three coils are attached to one terminal of the
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galvanometer, and are connected with the other when desired, by
a plug. By inserting the latter in another hole, the two termi-
nals are connected directly, so that no current can pass through
the instrument.

To set up the apparatus, place the galvanometer on the table, or
preferably, for greater steadiness, on a bracket attached to the wall,
or on a stone pier,-and facing east or west; this direction is to be
preferred as a little more convenient, but it is not indispensable.
Level it by the screws in its base and raise the magnet and mirror
by a little pin just above the coil, so that they shall hang freely
nearly in the centre of the coil. Light the lamp and place it with
its flame edgewise to the galvanometer,and place the scale in front
so that the light shall shine through the slit on to the mirror.
Next, to bring the spot of light to the centre of the scale, raise
the magnet to its highest position and turn its north end to the
north. See now if the mirror swings freely from side to side on
turning the magnet. A bright spot should appear on the scale
and the distance of the latter should be altered until a distinet
image of the slit and vertical hair is formed. Now moving the
magnet slightly, this image will swing from side to side, and may
be brought to any point of the scale. Next, lower the magnet,
turning it, if necessary, so as to keep the spot on the scale, until a
point is reached where the spot goes off to one end of the scale,
and the mirror tends to turn completely round. The earth’s mag-
netism has now been a little more than neutralized by that of the
magnet. The latter should next be raised a little, so that the-
earth’s magnetism shall be a little in excess, when the spot will
vibrate slowly over the scale, and on turning the magnet may be
brought back to the centre. As it is difficult to turn the mag-
uet slowly enough by hand, a tangent screw is attached, by which
the spot may be brought exactly to any desired point. If the
mirror cannot be brought parallel to the coils by raising the
magnet to its highest position and turning it around, the magnet
should be lowered and turned, if necessary, wholly around until
the mirror is parallel to the coil; it may then be raised gradually,
and finally left a little below the position of equilibrium. The
above adjustment once made, it should be kept undisturbed except
to bring the spot of light to the centre of the scale, which may be
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done either by moving the lamp or scale, or turning the tangent
screw slightly. The position of the spot often changes from day
to day, owing either to changes in the torsion of the silk suspend-
ing fibre or in the magnetism of the earth or compensating mag-
net.

A convenient arrangement is to mount the galvanometer so
that the mirror shall be four feet from the floor, and place a table
about three feet in front of it; on this is placed a strip of ground
glass at the level of the eye, on which the spot of light is received,
and a scale is placed just below to show its exact position. The
battery is placed below the galvanometer, and the other apparatus
on the table; readings can thus be taken with great convenience
and the galvanometer is protected from injury or disarrangement.

To show the extreme delicacy of the galvanometer, remove
the shunt and connect two pieces of copper wire with its termi-
nals, Place the two ends in the mouth, one above, and the other
below the tongue, and a current will be at once formed, often suffi-
cient to throw the spot off the scale. The cause is the different
chemical action "of the saliva, from different parts of the mouth.
In the same way a current is produced by holding the ends with
moist fingers, or dipping both into the same vessel of water, owing
to slight differences in the two surfaces. Holding one terminal in
the teeth and compressing the other with a pair of pincers, pro-
duces a similar effect. Thése experiments may be varied almost
indefinitely.

' The shunt and resistance coils may be placed in any convenient
position, the former being connected by two of its terminals with
the coils at Band C. The battery is also connected with the
coils at A and D. Two keys must be interposed between the
coils and the battery and galvanometer. These should be placed
side by side so that they can be closed by the first and middle
fingers of the right hand. These keys are best made of single
strips of brass screwed down on to the table and insulated at the
ends by rubber buttons. The objection to using a single key con-
nected with the battery is, that currents may be induced in the
coils which will disturb the galvanometer unless the battery cir-
cuit is closed first, and the galvanometer circuit afterwards. This
is easily done with the two keys, after a little practice. Some-
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times a single key is employed, formed of two flexible pieces of
brass, so arranged that on pressing down the upper one, contact
is made between it and the second strip, which closes the battery
circuit, and pressing it still further, closes the galvanometer cir-
cuit by bringing two brass pieces in contact, of which one is at-
tached to the table, the other to the lower surface of the middle
brass strip.

When the instrument is not in use the plug should always be
inserted between the terminals of the galvanometer, so that if the
circuit is accidentally closed no current shall pass through it.
Care should be taken not to send too powerful a current through
the galvanometer, as the needle is then thrown violently to one
side, and its magnetism may be weakened; for this reason it is
generally best to keep the galvanometer shunted, and pass through
it only 1}y OF yglyg of the current. A strong current should never
be passed through the resistance coils for a long time, as it would
heat them, injure the insulation and alter the resistance tempora-
rily, if not permanently.

To measure the resistance of a coil of wire, connect its ends
with (' and D and see that the other connections are made as
described above. Shunt the galvanometer so that only 15y of
the current shall pass through it and insert two equal resistances
of 1000 ohms between A4 and C, A and B. Now close the cir-
cuit for an instant, first pressing down the key under the middle
finger, or that connceted with the battery, and then the other, and
instantly raising them. The spot.of light will probably dart to
one side so rapidly that- it is hard to follow it, because the resist- -
ance interposed between B and D, which is very small, is less
than the resistance to be measured. Now draw the plug next D,
which inserts a resistance of 5000 ohms, and again depress the key
when the spot will probably move the other way. If not, the
resistance is either over 5000 ohms, or there is something wrong
in the connections; to test this, connect the battery with C in-
stead of D, and if the spot moves in the same direction as at
first, there is something wrong in the connections, otherwise the
required resistance lies between 5000 ohms and infinity. In the
latter case, replace the battery connection and draw the other
plugs, and if the spot still moves in the same direction the resis-

8
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ance is over 10,000 ohms, and the method described below for
very great resistances must be employed. If now the 5000 resist-
ance is too great, replace its plug and draw the 2000 plug; if this
is too small, draw in addition the 1000 plug, if too large replace
the 2000 and draw the 1000. Proceed in this way precisely as in
the method of weighing described in Vol. I, p. 47, always taking
care to introduce the resistances in order. 'When a near approach
to the correct resistance is obtained the deviations of the spot will
be small, and they may then be increased by altering the shunt so
that }g or {; of the current passes throngh the galvanometer.
Finally, removing the shunt plug, employ the galvanometer with
its full sensibility. When the resistance is determined within a
single ohm, a still closer approximation may be obtained by inter-
polation. Thus suppose that with the smaller resistance the spot
comes to rest m divisions to one side of the zero, and when the
resistance is increased one ohm, to » divisions on the other side.
Then the true resistance will equal the smaller resistance, plus
the fraction # divided by m+n. Thus, if with 2815 ohms the
deflection is 15 divisions to the right, and with 2816 ohms, 10 to
the left, the true resistance equals 28154% == 2815.6 ohms. Much
time is commonly lost in waiting for the needle to come to rest,
and a great saving may be effected in this respect by closing the
circuit foran instant so as to check the swing. Thus if the current
tends to send the spot to the right, wait till it swings to the left,
and when passing the centre point, close the circuit for an instant.
The magnet receives an impulse in the opposite direction which
may be made to stop it almost entirely. This can be well done
only with practice. It is not generally necessary to wait till the
spot comes to rest, but merely to note the reading of each end of
its swings and take the mean.

If the resistance lies between 1000 and 100 ohms one more
place of decimals may be obtained as follows. Introduce a resist-
ance of 100 ohms between 4 and € and leave that between A
and B equal to 1000; then'we have as 1000: 100 = O: the re-
quired resistance, or each resistance coil of O is virtually reduced
to one tenth its previous value, Accordingly 1 ohm will now
equal .1 ohm and by interpolation, resistances may be measured to
L1 ohm. If the resistance is less than 100 ohms, by making NV
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equal to 10 ohms, resistances of .01 ohm may be measured, and by
interpolation .001 ohm. If the resistance is over 10,000 ohms
make V= 1000, and M =100 or 10. In this way resistances up
to 1,000,000 ohms or a megohm may be measured.

Resistances greater than a megohm may be measured approxi-
mately as follows. Make V= 1000, // = 10 and read the position
of the spot of light, giving O various values as 9000, 8000, 7000,
etc., until the spot passes off the scale. Construet a curve which
should be very nearly a straight line with abscissas equal to the
deflections, and ordinates to the reciprocal of the resistances, and
prolong it until it meets the axis of ¥. At this point the deflec-
tion is zero, and the reciprocal of its ordinate multiplied by 100
gives the required resistance. Another point on this curve is
obtained by making O equal to infinity, or connecting the end of
P with the battery terminal, and disconnecting it from D
Another method of measuring a very large resistance, if we have
a coil of large and known resistance as a megohm, is to place
them in turn in cireuit with the battery and galvanometer, when
the deflections will be nearly inversely as their resistances. For
these measurements a battery of small cells, connected for tension,
may be employed, as the great resistance prevents injury to the
coils.

The resemblance of this instrument to the chemical balance is

" very marked, only it is a balance of prodigious range and possess-
ing many most important advantages. The coils M and IV corres-
pond to the arms, O to the weights, the spot of light to the index,
and the keys to the supports of the beam and scale-pans. It can
measure from 1,000,000 to .001, 2 range as great as from 14 tons to
1 grain. Either arm may be made 10 or 100 times as long as the
other, and the index is without weight, and moves over a long scale.
Moreover the shunt enables us to diminish the delicacy of the bal-
ance t0 75, yhg, OT 1455, as if by merely inserting a plug we could
convert a delicate chemical balance into a rough grocer’s scale. It
is well to measure several resistances, as described above, some of
them large, and others small, and finally to find the conductibility
of copper as described in Experiment 101. Another excellent
experiment is to measure the resistances of two coils of wire,
and then connecting their ends measure their combined resistance.
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It should, by the law of divided circuits or shunts, equal their
product divided by their sum. The law for three or more com-
bined resistances may be found in a similar manner.

103. Resistance CoiLs.

Apparatus. A delicate galvanometer, a British Association
divided-metre bridge, a battery, a standard ohm, some German
silver wire, some small pieces of copper with holes bored through
them, some solder, resin and a Bunsen burner.

Erperiment. The B. A, bridge, Fig. 73, consists of a carefully
drawn wire one metre in length, any point of which may be
touched by a sliding key so as to
divide it electrically into two parts.
The eurrent from the battery B then
passes into 4, and when the latter is
pressed down it divides, part going
through 4 C and the resistance to be
measured &, and the remainder pass-
ing through 4D and the known re- :
sistance coil &, to the other pole of the battery. The four resist-
ances AU, AD, R and R correspond to the four resistances of the
common bridge. To measure any resistance 2, connect as in the
figure and press down A; the needle will.in general deviate, but
by sliding A4 along the wire, a point is easily found where there is
no deviation. In this case the resistance is found from the pro-
portion AD : AC= R : R, AD and AC being given directly in
millimeters from the divided scale,

Now make a coil whose resistance is 1 ohm. Cut off a piece of
the wire and measure its length and resistance. The resistance
being proportional to the length, a simple proportion gives the
length of the required ohm. To allow for variation of diameter
of the wire and other causes, cut off a piece somewhat too long
(3 or 4 per ct.). Measure its resistance and repeat until the wire is
about an inch too long. Then pass the ends into two of the cop-
per terminals, put on a little resin, heat them in the burner, touch
the ends with a little solder and they are soon fastened firmly in
place. Soldering acid (chloride of zinc) should not be .used, as

talushoudindabimdalidue

Fig. 13.
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being hygroscopic it attracts moisture and is likely to cause
errors. When the ends are perfectly cool, measure the resistance
which should now be very nearly the required amount. To make
it exact, heat one of the terminals and slide it on or off by the de-
sired amount. When cool, measure again, and repeat until an
exact copy of the standard ohm is attained. To do this with
greater certainty reverse the position of R’ and R and sce if the
position of A is unchanged when no current passes through the
galvanometer. Any inequality in the two halves of the wire D
is thus eliminated. An error of .004 will now correspond to a
motion of A of about 1 millimetre. To increase the delicacy
interpose between C and R, and D and R, two equal coils of large
resistance. Suppose each has a hundred times the resistance of
CD,then the latteris virtually extended to alength of two hundred
metres, and an error of 1 millimetre is reduced in the same propor-
tion. To make sure that the two coils have the same resistance,
reverse them and adjust the length of 2’ until the mean position
of A, when these two coils are reversed, is the same when 2’ and
I are reversed. If the wire is very long it should be wound onsa
bobbin, and to eliminate the induced current we should begin at
the middle and wind the two ends side by side. Instead of a bob-
bin, a common spool may be employed. The whole is then dipped
in melted paraffine, when the air rushes out and is replaced by par-
affine, which' is an excellent insulator. A large rubber tube may
then be stretched over the whole, and on it the resistance marked
in ink. It is also well to mark it with a certain number to refer
to a book giving the date and name of maker, in which may after-
wards be entered the error in the resistance. As the soaking in
paraffinemay alter the resistance, this should be done before the
final adjustment of the copper terminals is made. For short coils
the simple wire may be used, and a short piece of fine rubber tub-
ing slipped over it on which to mark its resistance and number.

104. Capaciry oF CONDENSERS.

Apparatus. Two condensers whose capacities are to be compared,
two switches, a differential galvanometer, a Thomson’s galvanome-
ter, two resistances, one of which may be varied at will, and a bat-
tery which need never be closed, but must have a large and nearly
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constant electromotive force. Some Daniell or Leclanché cells may
be used, but the best results will be obtained with a battery of the
form proposed by Latimer Clark, and made with pure mercury for
one element, and pure zinc for the other, the liquid employed
being a paste formed by boiling sulphate of mercury in a satu-
rated solution of sulphate of zinc. The cells may be very small, as
an inereased resistance makes but little difference, and their circuit

should never be closed.

Experiment. Connect the inner coatings of the condensers
with the two circuits of the differential galvanometer, and the
other terminals of the later, with one pole of the battery. Con-
nect the outer coatings together, and with a switch, so that
they can be put in contact with either pole of the battery. By
turning the switch in one direction the condensers are charged,
and in the other the two coatings are brought electrically in con-
tact, and hence discharge takes place. If the two condensers have
the same capacities, no effect is produced when the switch is moved,
as equal quantities of electricity in that case pass through each
coil of the galvanometer. If the condensers do not have equal
capacities the needle will swing to one side or the other, accord-
ing as they are charged or discharged. In this case the coil con-
nected with the larger condenser must be shunted, or its terminals
connected with a variable resistance so that a part only of the cur-
rent shall pass through it. By altering this resistance a value
may be found for which there will be no deviation of the needle.
In this case, calling & the resistance of the galvanometer coil, and
S that of the shunt, the current through & will be to the whole cur-
rent a8 8: G+ S. But this current equals that in the other coil,
50 that, calling the two capacities ¢' and C’, we have C': €' =
S: @+ 8

Another method of comparing the capacities of two condensers
is by a modification of the Wheat-
stone’s bridge. In Fig. 74, let O and
P represent the two condensers
whose outer coatings are connected,
and whose inner coatings are attached
to the resistances M and XV, and to
the terminals of the Thomson’s gal-
vanometer &. A switch § is intro-

Fig. 1.
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duced, as in the other arrangement, so that the outer coating of
the condensers can be connected with the battery, or with their
inner coatings. Now alter one of the resistances A/ so that there
will be no deflection of the needle when the circuit is made or
broken. Then the two condensers will be proportional to the re-
sistances M and V. A convenient arrangement is to make the
two resistances M and Vthe two parts of the wire of the bridge
employed in Experiment 103, or a set of resistance coils may be
used for M and a coil of wire for V.

When the condensers have small capacities the following
method is preferable. Connect the Thomson’s galvanometer by a
switch with, the two inner coatings and their outer coatings with
a second switch, so that they can be connected either with the bat-
tery or with their inner coatings, through the galvanometer. By
moving the first switch either condenser may be thrown into the
circuit, by moving the second it may be either charged or dis-
charged. Now charge and discharge the first condenser, and
notice the swing of the needle in each case. Do the same with
the second condenser, and the ratio of the mean of their swings
equals their comparative capacity.

If the constant of the Thomson’s galvanometer is accurately
known, the capacity of the condenser is readily determined. It is
only necessary to charge it with a battery of known electromotive
force &, and discharge it through the galvanometer. Then calling

t the time of the swing of the needle, » the amount of swing
2k Htv

caused by the discharge, and ¢ the capacity, we have c& =

2% Hty : ! L q
or c=——7—. This value of ¢ is correct only if the resistance of

the air is so slight that the needle vibrates for a long time before
coming to rest. If this is not the case, set it swinging, and meas-
ure the extreme amplitude attained during each vibration. The
ratio of two consecutive deflections, or the difference of their loga-
rithms will be nearly constant. Calling ¥/ = log v’ — log v and
employing the mean value of /, we must in the above value of ¢
substitute » (14 47) for ». The value of LH should be deter-
mined at the time, by comparison with a tangent galvanometer as
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described in Experiment 99, or if the capacity of the condenser is
known this method furnishes an easy means of determining AZZ.

105. ErectroMOTIVE FORCE AND RESISTANCE OF A BATTERY.

Apparatus. The battery to be tested, a tangent galvanometer,
a plug key, and a resistance coil.

Ezxperiment. If the battery to be tested gives a current which
is nearly constant, the problem becomes a very simple one. Con-
nect the galvanometer @, Fig. 75, with the
battery B and read the deflection of the nee-
dle; then interpose the resistance R, and
repeat. From the curve accompanying the
galvanometer determine the absolute cur-

h E
rents (' and €’ in the two cases, and since O'= B G and ' =

lg Ve readily reduce B and E. If the galvanometer

foligws the law of the tangents, ¢ = kH tang v, from which C is
readily determined. To insure accuracy, the readings of the nee-
dle should lie between 20° and 70° and C should be about double
¢". If the galvanometer is too delicate, it may be shunted, and &
and % H changed to correspond.

In general, when the circuit of a battery is closed, the current,
at first strong, becomes rapidly weaker and weaker. To deter-
mine the law of this diminution, the current is allowed to pass
alternately through @ alone, and through & and R together,
for intervals of one minute, and the reading of the needle taken
in each case. This is most conveniently done by a switch; plug
key, or other arrangement by which the two terminals of R are
connected, or short-circuited, as it is called.

Next, construct curves with the times as abscissas, and currents
as ordinates. Two curves are thus obtained, corresponding to the
two positions of the key. From them take values of C and (7,
corresponding to various values of ¢, and compute the correspond-

ing values of % and B by the formulas ¢ = and ¢'=

a BFG
BT CFR Finally, construct two curves in which the abscissas
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represent the times, and the ordinates the values of % and B
respectively. From these curves we shall see how much the dimi-
nution of the current is due to the increase of the resistance, and
how much to the diminution of the electromotive force.

106. RESISTANCE OF BATTERIES.

Apparatus. The battery to be measured, a permanent magnet,
a delicate galvanometer, two resistances, one of which may be
varied, and a plug by which three wires may be connected. For
the resistances, two German silver wires may be used, of which
the length of one may be altered by drawing it through a screw
cup. ’

FExperiment. Connect the instruments as in Fig. 76, in which
the battery 3, and galvanometer &, are connected with one of the
resistances, K, and with the plug. The
third terminal of the latter being connected x
with the resistance R, and through it with 2 G
the other terminals of the battery and gal- B ER £\
vanometer. When the plug is out, the cur-
rent passes from B through & and R’, but
not through & which is then connected only at one end. When
the plug is in, B’ is thrown out of the cireuit, its two terminals
being connected by the plug,and R acting as a shunt to . Evi-
dently the deflection of & is reduced in the first case by the in-
ereased resistance &', and in the second case by the shunt B. A
certain value of these resistances will therefore produce the same
deflection whether the plug is out or in. This will be the case

Fig. 76.

4
when B=—1§;i% - On making the connections, the needle will

commonly be deflected entirely to one side, and should then be
brought back by the permanent magnet to the zero. If R is the
variable resistance make this adjustment with the plug out, and
then inserting the plug, alter R until the spot is brought back to
the zero. If R’is variable, make the adjustment with the plug
in, then remove it and alter B’. If the Thomson galvanometer
and set of resistance coils are employed, the same rules must be
followed as in Experiment 102. If German silver wire only is
used, first insert a very short and then a very long piece, when the
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needle should deflect first to one side, and then to the other. By
varying the length, the spot is soon brought to zero. The resist-
ance is then found either by direct measurement or by measuring
the length, and comparing the resistance with that of a known
length of the same wire. Instead of bringing the needle to zero
by the permanent magnet, the method described in Experiment
100 may be employed, using a cosine galvanometer with its coils
placed at right angles to the meridian, aid turning the coils until
the needle is brought to the zero.

The formula B = @é{_’ may be proved either graphically or ana-

Iytically. First, lay off in Fig. 77, mn = B, no= R, op= @, and
erect perpendiculars equal to their po-
tentials, when the plug is out. These
are found by making mm’ equal to the
electromotive force of the battery. Then
00’ will equal the difference of potential
of the terminals of the galvanometer,
and is proportional to the current pass-
ing through it. When the plug is in, the total resistance is much
less, being composed of mn = B and nR’ the combined resist-

Fig. 7.

ance of G and R, or % The difference of potential of the
two ends of the battery will now be n»”, and if this equals oo’
the current through the galvanometer will be the same in the
two cases. The geometrical condition that nn” = 00’ follows,

if mn : nR =mo : op, but mn = B, nR = GcffR’ mo =
B+ R and op = G. Hence B : Gcfi-RR=B+‘R,: &. Mul-
tiplying out BG(G@ + R) = GR(B 4 R'), or BG*+ BGR =

/

BGR+ GRR .. BG=RR and B = o
The same formula may be proved analytically by Kirchhoff’s
laws as follows, Let O Cg O represent the currents in B, G
and R, when the plug is in, and O the current, which is the same
for all, when it is out. Then C'= Cg ... (1), since this is the
condition that the deflection of the galvanometer shall be un-
changed. By Kirchhoff’s first law, Cz = C; + Cy. .. (2), and by
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his second law applied#o the circuit GR, we have GCy — RC,
=0 ... (3). Applying the same law to the circuit BG R’ gives
E=BC+ GC+ R C,and to the circuit BG when the plug is
in, = BCy + G4 and equating these two, BC+ GC+ R'C
= B0+ GCs ... (#). We have thus four equations between
the variables €, C5, O, Cg and substituting (1) and (2) in (4)
gives BO + GC 4+ R'C= BC + BC’R + GO or red;gmg

R 0= B0, dividing this by (3) gives & R = 1;, or B=—p—

107. RESISTANCE OF (GGALVANOMETERS.

Apparatus. The same apparatus as in Experiment 102, with
the addition of a permanent magnet, and a key.

FExperiment. Sometimes as in the last Experiment we wish to
determine the resistance of a galvanometer, and cannot employ
the usual method of measurement since it is needed in the Wheat-
stone’s bridge. In Fig. 78, let M, N, &, P,
represent the four resistances, B the battery,
and 8 the galvanometer, in the usual ar-
rangement of the bridge. If the resistances
are balanced it will make no difference if
the galvanometer is replaced by a short wire,
and key 8, and since no current passes Fig. 8.
through this wire, the current in the four coils will be the same
whether the key is opened or closed. Therefore replace the
resistance to be measured, &, by the galvanometer, and see if the
deflection is unchanged when the key is closed, and if so N : M=

P: G or G= jl_f_v}’ If the deflection is not the same, alter P

until it is the same whether the key is up or down. Asin the
last Experiment, the spot should be brought to zero by the per-
manent magnet. In the actual case the galvanometer should
be connected with ¢ and D, Fig. 72, the key connected with B
and €, and the resistance altered as in Experiment 102 until no
effect is produced on depressing the key.

108. Mansg’s METHOD.

Apparatus. The battery to be measured, a delicate galvanome-
ter, a magnet, a resistance coil, and a B. A. divided-metre bridge.
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Experiment. Connect the terminals of the battery B, Fig. 79,
with one end of the resistance coil &, and with the sliding key 4 of
the bridge. Connect the other termi-
nals of B and B with the ends of the
metre and also with the galvanome-
|....u..-.u....n...u...;:...u ter, @ The current will now pass

v RS through the galvanometer, deflecting

its needle nearly 90°. Lay the mag

net perpendicular to the coils of the

Fig 1. galvanometer, and to the magnetic

meridian, and move it up until the needle is brought to the zero.

Press down the key 4 when the needle will, in general, be de-

flected. Move 4, and find by trial the point at which it has no

effect on the needle. Calling its distance from the two ends a

and b, the resistance of the battery is given by the equation, b : @
=R:B.

This may readily be proved if we notice that the electrical con-
ditions are precisely the same as in the last Experiment, except
that the battery and galvanometer have changed places. The four
resistances are @, b, B and R, and A replaces S.

109. WiepEmann’s METHOD.

Apparatus. A standard constant battery, B, Fig. 80, a battery,
I, to be compared with it, a tangent galvanometer &, and a
commutator, C.

Experiment. The object of this experiment is to measure the
electromotive force of B, in terms of that of the standard battery,
B. Connect them, so that by turning the

» commutator their currents will pass through
the galvanometer either in the same or in
I opposite directions as in Figure 80. Read
the deflection of @ in each case, and deduce
the currents (' and (, either from the curve
accompanying the galvanometer, or from the formula, C =%H
tang a, ' = kH tang «. But by Ohm’s law, the current, when
the effects of the two batteries add, is 0=——————-Bf~|l;€_ e and when
reversed 0" = rlj_:—%———;E:*_G hence E'=F —C—'—-{_——g;’ from which £ is

Fig. 80.

Y
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deduced in terms of the electromotive force of the standard bat~
tery. If the battery B’ is not constant, the method given in Ex-
periment 105, should be employed. Connect the batteries for one
minute and read the galvanometer, reverse the commutator during
the second minute and read again. Take in this way a series of
readings until the deflections become sensibly constant. Now
construet curves with ordinates equal to the currents in the two
cases and abscissas equal to the times. Compute a number of
values of %, using the ordinates of points of these curves having
the same abscissas, or equal to the cwrents which would have
passed had it been possible to make both observations at the same
time. Construct a third curve with the same abscissas and ordi-
nates equal to these computed values of £

110. PocGENDORFF's METHOD.

Apparatus. A constant battery to be taken as a standard, the
battery to be tested, a delicate galvanometer, and a variable resist-
ance.

FExperiment. First measure the resistance of the standard bat-
tery, which should be the stronger of the two, as described in Exper-
iment 108. Connect the apparatus as in Figure 81, in which the
standard battery B, is connected with the
other battery B’ so that they shall tend to
turn the needle of the galvanometer in op-
posite directions. Then connect the termi-
nals of B with those of B. Vary R until the
needle of & is brought to the zero, when we

Fig. 81

have the equation, £’ = E’m

To prove this formula graphically, the construction of Fig. 82
may be employed. Make mn — B, the resistance of the stand-
ard battery, mm’ = Z, its electromotive force,

m/
and no = R, the variable resistance. Then p
drawing the straight line mo, mn’ will be X P -
the difference of "potential of the ends of R, 0 p
or the tendency of the current to pass -
Fig. 82.

through B and @& If now E'= pp/, the
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electromotive force of the second battery, equals this, or pp’ =
nn', no current will pass through the galvanometer. But in this
case mm : nn/ = mo :no or B 4 R : R = E: E’'hence
s EJT{{—{—R'

The same formula may be proved by Kirchhoff’s laws as fol-
lows. Call Oy, Cy and Cy the cwrrents in @, B and R, then by
the first law, Oy + O = Cj or since O = 0, Op = O
But in the circuit B R, we have by the second law £’ =
(B+ @)Cg+ CiR, or E' = OpR,since Cg= 03 in the cireuit

R
BR, E=B0, + ROy = (B + R)Cy hence B' = F g

111. ELECTROMETERS.

Apparatus. A Thomson’s quadrant electrometer, which should
be mounted like the galvanometer, with a lamp and scale in
front of it. Two or three cells of a Clark’s battery of constant
electromotive force (Experiment 104), a Daniell’s cell, some resist-
ances, and several cells of a water-battery. The latter consists of
small glass vials containing salt water, in which are strips of. cop-
per and zinc soldered together, so that the zine of one cell is
Jjoined to the copper of the next.

Experiment. The principle of the Thomson electrometer is
described in Appendix 4. If the more complex form is employed,
it should be carefully adjusted, as described in the pamphlet ac-
companying it, and will then, with care, require but little attention.
When charged by exaetly the right amount, the little aluminum
balance in the upper part of the instrument isin equilibrium, so
that on looking through the lens the horizontal hair is midway
between the two dots. If too high, the handle of the replenisher
must be turned in the direction of the hands of a watch until the
hair rises to its proper position. If too low, it must be turned in
the opposite direction. As the balance is liable to adhere to the
stops limiting its movement, the glass above it should be gently
tapped with the finger. Next, light the lamp and see if the image
of the slit and vertical hair falls on the zero of the scale. If not
they must be brought there by turning the screw, moving the
fourth quadrant, and, if necessary, the other quadrants. To
measure a slight difference of potential, as that of two metals
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immersed in water, connect them with the studs of the key, the
two springs being attached to the terminals of the galvanometer,
On pressing down the key, the spot of light will be deflected, and
on reversing the key an equal deflection to the other side will be
attained. The instrument is intended to be so adjusted that a de-
flection of 100 scale divisions will correspond to a difference in
electromotive force of 1 volt. To measure large differences of
potential, one of the electrodes should be drawn up from the
quadrant beneath it, and remain in connection only with the
induction plate of the instrument. If this alters the position of
the spot it shows that a charge has been thereby induced, which
must be got rid of by connecting the quadrant with the earth.
For this purpose the milled head of the disinsulator behind the
instrument should be turned until the attached pin points to the
letter “«C'” (connect). The spot will thus be brought back, and
the quadrant is again insulated by turning the pin to «.D” (dis-
connect). Differences of potential of 100 volts will thus be kept
within the limits of the scale.

The simpler form of electrometer requires to be recharged
every day it is used, and it will not give the same deflection on
different days for the same differences of potential. Like the
other electrometer, a lamp and scale is placed in front of it, so
that the spot of light shall fall at the zero of the scale. It must
next be charged by removing the glass cover and connecting the
brass knob projecting from the interior of the little Leyden jar
with an electrophorus, plate machine, Holtz’ machine, or other
source of positive electricity. Care must be taken to make a con-
nection between the ground and the outside of the jar or the
electrometer, as otherwise if the latter stands on a hard wood
table it may not receive a proper charge. If charged too strongly
the needle will swing out so as to touch one of the quadrants
and discharge itself. When properly charged replace the cover
and see if the needle remains at zero. If not, the movable quad-
rant should be drawn in or out until this condition is attained.
Its terminals are then connected with the studs of the key, and
potentials measured as with the other instrument. As it is impos-
sible to charge it twice alike, and as there is no easy means
of altering its charge, the deflections, as stated above, are not
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comparable with one another, and for a given difference of poten-
tial will gradually become less and less.

The instrument having been adjusted, so that the spot stands at
zero, and deviates equally to either side, when the current is re-
versed by the key, a number of measurements of differences of
potential should then be taken. First, connect the terminals with
a Clark’s cell which has a electromotive force of 1.457 volts.
With the absolute electrometer this should give a deflection of
145.7 divisions, and with the other instrument it should give a de-
flection from which the constant, or deflection per volt, is readily
determined. Do the same with a second Clark’s cell and then
connect them, and see if together they give a double deflection.
Next, measure the electromotive force of the Daniell, and other
batteries, first, when they have been left on an open circuit and
then when the circuit has been closed for some time. The polari-
zation of a single fluid battery is thus well shown. Many simple,
but instructive, experiments may be performed with this instru-
ment. For instance, it may be shown that a zinc and copper plate
when immersed in water assume a difference of potential before
they are connected together, and that on connecting the terminals
of a battery by a long wire, the potential of the various parts will
vary by an amount proportional to the change in resistance, or that
the curve formed by the potentials and resistances is a straight line.
Again, the electrometer may be used like a galvanometer, except
that the circuit through it is always open, instead of closed, and
we may thus approximately measure resistances with a Wheat-
stone’s bridge, or determine battery resistance. It forms, in fact,
a galvanometer of infinite resistance.

Another interesting application of the electrometer is to the
examination of condensers. The relative capacity of two con-
densers may be found by charging one, measuring its potential,
and then connecting it with the other so that the charge will be
divided between them, when the potential will be reduced in the
same proportion that the capacity is increased. Again, if a con-
denser is charged and connected with the electrometer, as the elec-
tricity gradually escapes the deflection will diminish. The flow '
being always proportional to the electromotive force, by Ohm’s law,
if a curve is constructed with abscissas equal to the time and ordi-
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nates to the logarithm of the deflection, it will give a straight line.
The tangent of the angle, which this line makes with the axis ot
X or the change in the logarithm per second, gives the logarithm
of the rate of diminution of the current per second. Calling this
quantity @, and ¢ the capacity of the condenser, the leakage cur-
rent through the condenser will evidently be Zac, or since by
Ohm’s law K= CR, 0 = CRac, or R = Elé’ R is here the insu-
lation of the condenser, and if the latter is in good condition will
be a very large quantity. This is one of the best methods
of measuring a very large resistance. It is only necessary to meas-
ure 2 and then connect the terminals by the unknown resistance
r and measure again, when the combined resistance R’ will

equal Ti]i’:—r’ from which 7 is readily deduced. Instead of the elec-

trometer, a Thomson’s galvanometer may be used, first charging
the condenser for 10 seconds, then disconnecting it for one minute,
and finally discharging it through the galvanometer. In this case
the following formula is more convenient for determining the
resistance. Let d be the deflection when the condenser is dis-
charged directly through the galvanometer, and & the deflec-

tion when an interval of one minute is allowed to elapse.

1563.6
Then R = Hlog d —Tog &y’ which gives R in megohms.

112. Testiné TELEGRAPHS.

Apparatus. A telegraph line, the longer the better, but at
least passing to another building and returning through the
ground instead of by a second wire. If no telegraph is available,
any long circuit may be employed, as that of an electric cloek, or
electric bell. With this is needed the apparatus described above
for measuring currents, resistances and potentials.

Ezxperiment. 'This, and the following Experiment, are intended
prineipally as examples of the previous work, and practical appli-
cations of the methods of measurement there detailed.

First, remove the battery and connect the wires attached to it,
and then determine the resistance of the line, magnets, and other
parts of the apparatus, by the methods given above. For this

4
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purpose, run wires from the ends of the line to the apparatus for
measurement, find their resistance alone, and when connected with
the line; the difference equals the resistance of the latter. Meas-
ure in like manner the resistance of each magnet by taking the
difference of the resistances when it is in, and when out of] the
circuit, the last condition being obtained by bringing its two
terminals together. Next, measure the insulation of the line by
breaking the cireuit at the further end and measuring the resist-
ance between the nearer end and the ground. This resistance
should be enormously great, unless the line is very long, and
should be measured by the methods given for determining very
great resistances, Experiment 102.

The next question is, what kind of battery must be used to give
the best effect. To test at any time the condition of the battery
and line, a galvanometer should be employed, which may be inter-
posed in the circuit and the deflection noted. The galvanometer
used in Experiment 98 may be employed, but it is better to use a
less accurate instrument, with the needle on a pivot, instead of
suspended by a filament of silk, as it is then less likely to be in-
jured in moving. It is not necessary that it should follow the
law of the tangents, but the current corresponding to various
deflections should be determined by placing it in the same civcuit
with a galvanometer, for which the curve of Experiment 98 has
been constructed, and the current altered by varying the resist-
ance. A curve may then be drawn, in which ordinates shall
equal its deflection and abscissas the absolute current, as deter-
mined by the curve of the other galvanometer.

Connect the galvanometer with the line, and attach a battery
somewhat more powerful than that which is to be used perma-
nently. Now reduce the current by introducing additional resist-
ances, or by shunting the battery, tntil it is just sufficient to make
the magnets act properly. Then read the galvanometer, and from
the curve determine the strength of current. This gives a mini-
mum, below which the current must not fall. Next, alter the
resistance so that the current shall have such a strength as to give
the best effect. We must now see what battery will best give

this current. In the equation ¢ = BFR E = 0B+ k),
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substitute this value for €, and make R equal to the total resist-
ance of the line and magnets. Then the battery must have such
an electromotive force and resistance that it will satisfy this
equation. If as is generally the case, we are to use several cells
of resistance B and electromotive force E, we must use the form-

ula for several cells explained in Appendix 4, 0= p__—Brj_pi PO

Since the best effect is produced when the inside and outside

y B o 8
resistances are equal, we must have % = P. Combining these

two equations, we deduce m and p. It should be remembered that
while the first cost of a battery is proportional to the number of
cells, or to mp, the current expenses or consumption of zinc: or
copper is proportional only to p. Other considerations also enter
in the selection of a battery, according as it is to be used on an
open or closed circuit, as detailed on page 5.

Having thus tested the cireuit in its normal condition, if at any
time it will not work properly, the nature of the trouble may be
detected by similar measurements. First, test the battery, and
sec if this gives a good current when disconnected from the line, -
or better, measure its electromotive force and resistance. If this
is what it should be, measure the resistance of the line and its
insulation. If the line is broken, it is shown by the resistance
becoming infinite. Imperfect connections are also shown by a
great increase of the line resistance. If there is a ground, that is,
any part of the wire in contact with the earth, the insulation and
line resistance will become equal, and both less than the normal
line resistance. The position of a fault may also be approximately
found in this case. If the connection with the ground is only
partial, these resistances will be unequal. A defect in any magnet
is shown by first throwing it out of, and then into, the cirenit, a
great increase of resistance being produced if the wire is broken,
while if there is a defect in the insulation, so that the current
passes across, instead of through, the whole coil, the resistance
will be less than when the magnet is uninjured. During damp
weather the supports insulating the line become covered with
moisture, and greatly diminish the insulation. If the wire comes
in contact with the wire of another line, the messages of the latter
will be received on it, though generally feebly. This fault is
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shown by deflections of the galvanometer when no battery is
attached, and by a diminished resistance when the other line is not
in operation. On long lines trouble is sometimes experienced from
earth currents, in which the two terminals assume different poten-
tials, the earth acting precisely like a battery. This is especially
the case during displays of the aurora borealis. It is shown by
deflections of the needle when no battery is attached, the currents
coming without the regularity of those produced by a cross with
another line.

113. TesTiNG SUBMARINE CABLES.

Apparatus. Since a real submarine cable is rarely available for
experimental purposes, an artificial cable may be prepared as fol-
lows. Two points are selected for the two terminals, and between
them is placed a vessel of salt water to represent the ocean. The
cable is represented by twe coils of known length of fine German
silver covered wire, of two or three thousand ohms resistance
each. A long coil or rubber covered wire is needed, and three of
four shorter pieces, prepared to show the effect of various fanlts,
in one the wire being broken, in a second the rubber seraped off at
asingle point, and in a third the wire being broken, but the rubber
left intact. Two very large condensers should be provided, and
this is the greatest difficulty in imitating a cable. For a battery,
several Daniell cells are needed, and a water battery of one or
two hundred cells.

Experiment. To represent the cable when in good condition,
the resistances are connected together, and to the coil of covered
wire which is then immersed in the vessel of salt water. One end is
then attached to each terminal station, and copper wires, to repre-
sent the ground connections, also pass from the vessel of water to
the same terminals. The condensers are connected with the junc-
tions of the resistance coils, and also with wires passing into the
vessel of salt water. Measure the total resistance of the line by
closing the circuit at the further station, that is, joining the wire
from the vessel of water to the end of the resistance coils, and
determine the resistance by the bridge, as in Experiment 104, by
connecting the wires of the nearer station with the bridge. . It is
especially important in this case to close the circuit through the
galvanometer, as otherwise the current from the condenser will
throw a violent current through the galvanometer. An error is
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liable to be introduced from the polarization of the wires in the
salt water, and therefore it is best to use a battery with large elec-
tromotive force, or to measure the resistance at short intervals,
reversing the current each time.

Next, to determine the insulation, break the circuit at the fur-
ther end and measure the current, which will now pass through
the rubber covered wire, The resistance will, in this case, be too
great to be determined by the methods of Experiment 102, unless
the insulation is very poor, or the length of wire very great. In-
stead, therefore, the method given at the close of Experiment 111
should be tried. Another method employed to measure very
great resistances, as that of the junction of two cables, is to allow
the leakage current to flow into a condenser for one minute, and
then discharge it through a galvanometer.

The capacity of the cable is determined precisely as if it was
a eondenser, the inner wire and outer covering, or the sea, replac-
ing the two conducting coatings of tin-foil, and the rubber insula-
tor replacing the insulating film of paper or mica. In the present
case, determine the capacity as in Experiment 104. These three
tests should be frequently applied to every cable, and as long as
they give nearly the same results we may infer that the cable is in
good condition.

Now suppose an accident occurs, by which the cable is injured,
and that we wish to determine the kind and position of the fault,
as it is called. This is imitated by disconnecting the resistance
coils and inserting between them one of the rubber covered wires.
‘When the broken cable is inserted, the resistance is diminished,
and is the same, whether the circuit is made or broken at the
farther end. The position of the fault is found from the ratio of
the resistances; the actual distance in miles is thus determined
by a simple proportion. See how nearly this compares with the
true length of the resistance coils. Precisely the same effect is
produced with the second kind of fault in which the wire is
exposed, but not broken, the resistance of the water being incon-
siderable compared with that of the remainder of the cable. It
is therefore easy to determine the position of a fault if the wire is
in contact with the water. But it very frequently happens that
this is partially protected by the covering, by salts deposited by the
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current, or other causes, 8o that the current, in passing from the
wire to the water, encounters a certain resistance called the resist-
tance of the fault. This may be represented by leaving the two coils
coninected and interposing another coil, which may have any resist-
ance from zero to infinity, between the broken wire just used and the
junction of the two coils. If the position is now measured, as de-
seribed above, too great a result will be obtained, but if intelligible
signals can be sent to the further end, directing those in charge to
first break, and then close their circuit, two measures may be ob-
tained from which the true distance and resistance of the fault may
be approximately determined. Call 22, 22’ the resistances when the
circuit is open and closed, /' the resistance of the fanlt, 7 the resist-
tance of the whole cable, and = that of the portion this side of
the fault. Then when the circuit at the farther station is broken,
B = »+ f, while when closed the current divides between the
f_(}l_—l—.c_t_)_g_c' These
two resistances give f aud @, and from the latter the distance of
the fault is at once determined. The polarization interferes seri-
ously with this measurement, and therefore, if possible, a second
cable should be used instead of the return circuit through the
water. In all these cases the insulation resistance is supposed to
be infinitely great as compared with that of the fault, otherwise
other corrections are necessary.

A fault due to the breaking of the copper wire without injuring
the insulating cover, is comparatively rare, and is illustrated by
the third piece of rubber covered wire. Tts effect is to introduce
a very great resistance, which is unchanged, whether the circuit is
open or closed. The position of such a fault cannot be very accu-
rately determined. It may be roughly estimated from the insu-
lation resistance, which is as much greater as the length is less.
The method actually employed, however, is to compare the

capacity of the unbroken portion with that of the whole, regard-
ing them as condensers.

two circuits, f and / — x, hence I/ = =

114. FricrioNan ELEcTRICITY.

Apparatus. A plate electrical machine, a Leyden jar, some
sealing wax, a glass lamp chimney, pithballs, a gold-leaf electro-
scope, a torsion electrometer, and the usual lecture-room appara-
tus for frictional electricity described below.
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Experiment. Rub the glass chimney on a piece of silk, when
some of the electricity will pass from the silk into the glass. The
latter theérefore becomes positively, the silk negatively, electrified.
Now hang a pithball by a thread of silk, and bring the glass near
it. The pithball has appreeiable size, and has the same potential
as the air, the glass a higher potential; therefore attraction takes
place, until the ball strikes the glass, when it receives part of the
excess of electricity, and both now being positively electrified
repulsion takes place. Next, rub the wax with a piece of woollen
and the electricity will pass from the wax to the woollen. If,
then, the wax, which is negative, is brought near the pithball
whieh is positive, they will attract. If, however, the pithball
touches the wax it gives up its excess to the wax, and both being
then negatively electrified, will repel each other. If a piece of
metal is used instead of the wax, no effeet is apparent if the metal
is held in the hand. But this is because, being a conduetor, the
surplus electricity passes through it to the hand, and thus escapes.
If the metal is insulated by a glass handle the electricity ean no
longer escape, and the above effects are easily obtained. 3

To determine whether an electrified body is charged positively
or negatively, a gold-leaf electroseope may be employed. This is
easily made of a wide-mouthed bottle, closed by a cork, through
whieh passes a brass rod, terminating above in a ball or knob, and
from whose lower end two strips of gold-leaf are hung. When
the brass rod is electrified, these strips repel each other, and sep-
arate at their lower ends. Two strips of tin foil are attached to
the bottle, so that if the gold strips are too strongly charged,
instead of adhering to the glass they will strike the foil and dis-
charge themselves. To use this instrument, bring the body to be
tested near the upper knob, and the gold strips will diverge, the
electricity of the knob passing into the strips, if the body is posi-
tive, and from the strips to the knob, if it is negdtive. Touch the
knob for an instant, when the strips will come together; then re-
move the electrified body, when they will again diverge. Now
approaching an electrified glass rod, if the body was positively
electrified the divergence will be increased, if negative, dimin-
ished. Test in this way various substances, rubbing them to-
gether and determining which is positive, and which negative.
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A far more exact instrument than this, is Coulomb’s torsion
electrometer, which consists of a eylindrical glass case, in which a
straw with a disk of tin foil at one end is hung horizontally by a
long, fine wire. The upper end of the wire is attached to an
index passing over a graduated circle} which shows the angle
through which it has been twisted. An insulated rod passes into
the interior, so that on turning the index the tin foil may be
brought in contact with it. A graduation outside the glass shows
the angle through which the straw has been deviated. Turn the
index so that the tin foil and ball shall be just in contact. Elec-
t-rify a glass rod and touch it to them, when they will at once
repel each other, and the straw will swing oft through an angle
which we will call . Bring them nearer by turning the index
through an angle » and call v, the deflection of the straw. Give
u various values, and determine v in each case. If v is small the
distance will be proportional to it, and the force of repulsion to
the torsion, % + ». Assuming that the latter is inversely pro-
portional to some power of the former, we must have (u -4 v)v*
=m. To see if this is the ocase, construct a curve with codrdi-
nates equal to log (% - v) and log v, and it should be a straight
line, since log (« + v) 4 » log v = log m. Again, the tangent of
the angle, or 7, should equal 2, since the force is inversely as the
square of the distance. If v is not small, the distance must be
taken proportional to sin } », or to the chord instead of the arec.

To show the unequal distribution of the electricity on different
parts of a conductor, a proof plane is required. This consists of a
small piece of silvered paper, at the end of a fine glass rod covered
with shellac. To use it, the electrometer is discharged, the straw
-brought to zero, the proof plane touched to the points to be
tested, and the electricity thus removed, transferred to the knob
of the electrometer. A deflection is then obtained, which will be
proportional to the cube of the amount of electricity of the given
point.  Charge several conductors, as an ellipsoid, an elongated
cylinder and a cireular disk, by rubbing a glass rod and touching
it to them, and measure the amount of electricity of several points
of each.

The electricity resides entirely on the surface of a body. This
may be shown by a hollow sphere with a hole in it. Passing the
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proof plane in, touching the interior and then withdrawing it,
taking care not to touch the edge, it will be found that no elec-
tricity is withdrawn, however highly the sphere is charged. If a
second sphere of the same size, but solid, is allowed to touch the
first, it will also be found that the electricity will be divided
equally between them each taking one half of that on the first
sphere before contact. ¢

The quantity bf electricity obtained as described above, is ex-
ceedingly small; it may be greatly increased by the use of the
plate electrical machine. This consists of a circular plate of glass,
which may be turned between two pieces of felt covered with an
amalgam of mercury, zinc and tin. An excess of electricity then
passes into the glass, which thus becomes positively electrified,
while the felt or rubber is negatively electrified. A comb of
metallic points is placed opposite the glass, and draws off its
surplus electricity into a large brass eylinder, called a prime
conductor. The latter is supported on a glass pillar to prevent
the escape of the electricity to the ground. On turning the plate
the action soon ceases, because the rubber gives up so much of
its electricity that no further supply can be taken from it. It
should therefore be connected by a chain with the earth, from
which an indefinite amount of electricity is readily drawn. To
use the machine, it is only necessary to connect the rubber with
a gas or water pipe by a chain, and turn the plate by a crank
attached to it. Electricity will then appear on the prime con-
ductor, which will soon attain so high a potential that if the
finger, or other conductor, is bronght near, the eleciricity will at
once overcome the resistance and leap across in the form of a
spark.

When the machine has not been used for some time, or if the
air is moist, it is often difficult at first to obtain electrical effects.
In this case the machine should be carefully dusted and warmed,
as if very cold, dew may be deposited on it, which will form a
condueting surface, over which the electricity will escape rapidly.
Again, the amalgam may not be in good condition, and in this
case the rubber should be removed, the surfice roughened by
scraping it with a knife, and, if necessary, fresh amalgam mixed
with lard applied.
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When the machine is in good condition the sparks should fol-
low each other rapidly, and if there is no outlet for the electricity,
a peculiar hissing sound should be produced, due to the escape of
the electricity into the air. In a darkened room pale brushes of
purple light should appear on various parts of the machine.

The phenomena of attraction and repulsion are much better
shown by ,the clectrical machine than by the simple means de-
scribed above. Pieces of paper or pith are violently attracted
and then repelled. Various electrical toys have been devised to
show these effects, for instance, bells, dancing dolls, the spider, head
of hair, ete. A curious effect, known as philosopher’s wool, is
obtained by attaching a little sealing wax to a rod projecting from
the prime conductor and melting it with a candle. As soon as
the machine is charged the mutual repulsion causes the wax to
throw out fine filaments, which may be collected on a sheet of
paper held near it. By electrifying the water contained in a
vessel pierced with a number of fine holes, it will escape in fine
streams instead of in drops. A similar effect is obtained with a
syphon formed of a capillary glass tube. This instrument has a
most important practical application in Thomson’s syphon-re-
corder for registering messages received on submarine cables.

Owing to the force of repulsion, the excess of electricity in a
body instantly passes to the surface. For the same reason it col-
lects in greatest quantity on the more curved portions. In elec-
trieal apparatus sharp. edges or points are therefore particularly
objectionable, since the electricity collects on them and escapes
more rapidly into the air. The adjacent particles of air becoming
electrified are repelled, and form a current from the point. This
is shown by attaching a pointed wire to the prime conductor
when the current may be perceived by the hand, or by holding
the flame of a candle near it. The electrical flier consists of a wire
with the two, ends bent in opposite directions, like an S, and
balanced like a compass-needle on a pivot. When electrified, it
will revolve rapidly, owing to the reaction of the air on the points,
like a Barker’s mill. On viewing a point strongly electrified in a
darkened room, the escape of electricity is readily seen by the
production of a purplish brush of light. If the point is electrified
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negatively, the brush is reduced to a simple bright point, although
the escape of electricity is considerably increased.

If the electricity is allowed to pass through a tube from which
the air is partially exhausted, the spark lengthens, and finally
forms a long purple brush-like discharge, resembling the aurora
borealis. A certain amount of gas, however, seems éssential, as
with the highest attainable exhaustion no eleetricity will pass.

The nses of the electrical machine are greatly extended by
the instrument known as the Leyden jar. - This is a condenser
formed of a glass bottle coated inside and out with tin-foil
and closed by a wooden stopper, through which passes a brass
rod from which hangs a chain touching the interior of the jar.
To charge it, hold the brass rod, which commonly terminates in
a ball, near the prime conductor, and connect the outer coating
with the earth, or with the rubber. On turning the machine, the
positive electricity will collect on the interior of the jar, and repel-
ling that on the outer coating will canse it to pass off into the
earth. This will go on until a considerable quantity of electricity
is thus stored up in the jar. Then connecting the inner and outer
coatings, or the latter with the brass ball, the whole of the elec-
tricity thus accumulated instantly passes out with a bright spark
and loud snap. If the discharge is through the body, a violent
shock will be felt.

To show that it is indispensible that an outlet shall be afforded
to the electricity on the onter coating of the jar, place the latter
on a plate of glass and try to charge it. In this case the outer
coating will become charged and give sparks, like the prime con-
ductor, while but little electricity will enter the jar, as is proved
by connecting the outer and inmer coatings. The electricity
does not reside in the coatings but on the surface of the glass,
as may be shown by means of a jar with movable coatings. A
cylindrical or conical vessel is used for this purpose, the tin-foil
being replaced by closely fitting tin cups. Charge the jar in the
usual manner, then remove the outer coating, place it on the table,
or better on a sheet of glass, and remove the inner coating. Now
place another inner coating in it, and finally replace it in a second
outer coating, taking care during the last operation not to touch
the jar. The latter will be found to be still quite strongly
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ch:;rged. Another evidence that the charge is in the glass, and
not in the metal is, that a few minutes after the jar is discharged
a second feeble spark may be drawn from it, due to the electricity
which has penetrated a little way into the glass. This is known
as the residual charge.

The powerful sparks of a Leyden jar are capable of producing.’
many effects not readily obtained directly from a machine. This
is especially the case with a battery composed of several jars hav-
ing their inner and outer coatings connected, equivalent in fact to
a single, very large jar. A much longer time is required to charge
such a battery than a single jar and the spark although no longer,_
will be much brighter and more intense. It resembles, in fict, a
galvanic battery connected for quantity. Remarkable effects may
be obtained by connecting the outer coating of one jar with the
inner coating of the next, like a galvanic battery conneeted for ten-
sion. Very long sparks are thus obtained, but the jars should be
disconnected and charged separately.

The simplest way to discharge a Leyden jar or battery is by a
wire bent in the form of a semicircle, and terminating in brass
balls. To avoid receiving any portion of the discharge thé wire
should be held by a glass insulating handle. Sometimes the
wire of the discharger is jointed,so as to vary the distance between
the balls. The best instrument for studying the effeets of the spark
is the universal discharger, which consists of a small insulated table
and two brass insulated rods mounted on universal joints, so that
they may be brought into any position with regard to one another.
The body to be submitted to the spark is placed between them on
the table, and they are then brought in contact with it, one being
connected with the outer coating of the jar or battery, and the
other with a wire which is connected with the inner coating when
the discharge is to be effected. If a spark is passed through a
thick piece of paper or cardboard, a hole is made with a burr on
each side, which was formerly considered an evidence of two elec-
tric fluids, but is probably due to the sudden generation of steam,
or other explosive action, inside the paper. A plate of glass is
readily penetrated by the spark, if the action is concentrated by
surrounding the wire with some non-conductor, except just at the
end. The best way is to fill a bottle with oil and pass a wire into
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it so that it shall touch the glass; bringing a second wire near it
on the outside, the spark will pass, producing a hole often too
small to let the oil escape. With a powerful charge, however, the
bottle may be broken. Alcohol, cotton covered with resin, ether
and gas, are readily ignited by an electric spark. The spark gener-
ally scatters gunpowder without firing it, but the latter may be
effected by lengthening the time of the discharge by introducing
into the cireuit a large resistance, as a wetted string. To show
the magnetizing power of the current, wind a wire in the form of a
helix, place a steel needle in the interior, discharge a powerful bat-
tery through it, and the needle will be rendered magnetic.

In the above description, we have assuamed that the interior of
the jar is electrified positively, the exterior, negatively. It is then
said to be charged positively. The same effects may, however, be
produced by reversing these electrical conditions, or-charging the
jar negatively. ¥or this purpose it .is insulated, and the exterior
connected with the prime conductor, and the interior with the
rubber. The difference in the two cases is well shown by the ex-
periment known as Lichtenberg’s figures. Charge two jars, one
positively, the other negatively, and draw a series of lines with
the knob of each, on a flat surface of resin or vulcanite. Then
mix some red lead and sulphur, and sift them over it. The sul-
phur in mixing becomes negative, and adheres to the positive lines
in tufts with spreading branches, while the lead, which is positive,
collects in small round spots on the negative lines.

To measure the amount of electricity generated by a machine
the unit jar is sometimes used. This consists of a small Leyden
jar, which is eonnected with the prime conductor, and a wire at-
tached to the outer coating so bent that it nearly touches the rod
connected with the inner coating. If, now a continuous stream
of electricity is allowed to pass into the jar, it will discharge it-
self at regular intervals whenever the potential of the interior
becomes sufficient to enable the electricity to leap across the in-
terval to the outer coating. To measure by the unit jar the
amount of electricity generated by the machine, connect the inner
coating with the prime conductor, and the outer with the rub-
ber. The number of discharges per hundred turns serves to com-
pare the efficiency of the machine at various times. To deter-
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mine how much electricity has passed into a battery, insulate the
unit jar and connect its inner coating with the prime conductor,
and the outer coating with the battery. The outer coating of
the latter is, of course, connected with the ground, or rubber. The
number of discharges, as before, measures the quantity of elec-
tricity. s

If pieces of tin foil are attached to a sheet of glass at short dis-
tances apatt, a spark will pass from each to the next over along
series, and by a suitable arrangement of the foil, letters or figures
of light may be thus formed. By scattering iron filings on a glass
plate wet with gum, and when dry discharging a jar over the sur-
face, the electricity passes from point to point in irregular branch-
ing lines, somewhat resembling lightning.

115. InvucrioNn MACHINES.

Apparatus. An electrophorus, a piece of fur, a Holtz machine,
and a piece of vulcanite.

Experiment. The electrophorus consists of a thin disc of some
insulating material, generally resin or vuleanite, resting on a metal-
lic disc connected with tlie earth. A second metallic disk with a
glass handle may be laid on it, and removed at will. To use the
electrophorus, rub the npper surface of the resin with the fur, by
which the latter is charged positively, the former negatively, or
some electricity is transferred from the disk to the fur. Replacing
the metal disk, its electricity rushes down towards the resin, but
cannot enter, owing to the slight conductivity of the latter. The
disk now becomes positively electrified on the lower surface, and
negatively electrified on the upper surface. Therefore on touching
it with the finger, a spark will be formed, by the electricity enter-
ing it from the hand. But now the upper surface is in its normal
condition, and the lower surface still positively electrified. If,
therefore, the disk is raised by the insulating handle it will be
found to contain more than its normal amount of electricity, or to
be positively electrified, and on touching it a spark will be ob-
tained. By this operation the electrical condition of the resin has
been in no way altered ; it may therefore be repeated indefinitely
without recharging, laying the disk on the resin, touching it with
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the finger, lifting the disk, and approaching it to the object to be
charged. This instrument is often very convenient as a source of
electricity, from its simplicity and the ease with which it is nsed.

The Holtz machine consists of two plates of glass, one of which
is very thin and may be made to revolve rapidly, by 2 system of
belts and wheels driven by a crank. The second plate is some-
what larger than the first, and is placed as near it as possible.
Two apertures are cut in the second plate, and pieces of paper,
called armatures, glued to the further side. These terminate in
points which project over the apertures, so that when electrified
they will act by induction on the revolving plate. On the other
side of the latter, but opposite the points, are combs of points, like
those of a frictional machine, connected with brass rods and balls,
whose distance may be varied at will, and between which the
spark is to pass. A Leyden jar is hung on each of these rods so
that its inner coating is connected with the rod, and the two outer
coatings are united by a metallic conductor. To charge the ma-
chine, the two brass balls are brought in contact, the movable plate
turned rapidly, and a small electric charge given to one of the
armatures. This is readily done by rubbing a piece of vulcanite
with fur, and touching it to the armature, or by an electrophorus.
Soon an increased resistance will be felt to the motion of the
crank, accompanied by a sort of hissing noise, and on separating
the balls a volley of sparks will pass, of a length which may reach
a foot or over. The machine, as thus constructed, is liable to stop
working suddenly, and requires recharging each time it is nsed.
These difficulties are remedied by a second pair of combs con-
nected together by a brass rod, placed just opposite the edge of
the armatures to which the points are not attached. The amount
of electricity generated by the Holtz machine is about the same
per turn as that of the frictional machine of the same size, but
since the speed is much greater, much longer sparks, and more
electricity per second is obtained, and the labor of turning it is
much less. Tt has, accordingly, almost superseded the plate ma-
chine as a source of frictional electricity. Most of the experi-
ments described in connection with the plate machine may be
shown much more satisfactorily with the Holtz machine.
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If the condensers are removed the sparks are more frequent but
less brilliant, and are accompanied by a sort of brush discharge.
By increasing the size of the jars a shorter, but much more intense
spark is produced, giving a snap, in,some cases almost as lond as
the report of a pistol. The best effect is obtained with the con-
denser attached to the negative pole double the size of the other,
and the ball forming the negative terminal also larger than that
attached to the positive terminal.

116. MAGNETISM.

Apparatus. Some magnets and needles, a stand to which a fine
thread with a wire stirrup may be attached, soft iron armatures, a
piece of cardboard, some iron filings, and two cylinders of wood
or cardboard on which two arrows are painted, to represent Am-
pére’s currents.

Exrperiment. According to the:theory of Ampére, magnetic
phenomena are due to electric carrents circulating around the par-
ticles of iron, and the attractions and repulsions are caused by the
effect of these currents on each other. Hold the two wooden
cylinders end to end, and notice that if the IV or S poles are
brought together, the currents move in opposite directions, and
hence repel, while if turned so that an IV and § pole are brought
together, the currents move in the same direction, and attract;
this is sometimes expressed by saying that like poles repel, and
unlike, attract. To prove that this is the case with real magnets,
place a bar magnet in the stirrup and hang it from the stand;
bring the other bar magnet near it and see if the above law holds
in all four cases. The earth also acts like a large magnet with its
south pole to the north, and hence the suspended magnet will
come to rest, only when its north pole is turned to the north.
This is the principle of the mariner’s compass. When a piece of
soft iron is brought near a magnet, induction takes place, and the
iron becomes temporarily a magnet with all its currents flowing in
the same direction, but as soon as the magnet is withdrawn the
currents turn back, and the magnetism ceases. To show this,
bring a magnet near a piece of soft iron, when it at once becomes
magnetic, and will attract a second piece of soft iron, and snustain
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its weight, if the magnet is strong. On removing the magnet the
second piece of iron at once falls. The same effect is still better
shown by letting the soft iron deflect a compass needle.

Lay a bar maguet on the table, and the sheet of cardboard over
it, supporting the sides so that the card shall be level. Then
sprinkle over it some iron filings, and tap gently on the edge of
the card. The particles will arrange themselves along certain
lines, called magnetic curves, extending from one pole of the mag-
net to the other. The reason is, that each particle is rendered
magnetic by induetion, and the direction of the curves is that which
a magnetic needle would assume at that point under the influence
of the two poles of the magnet. By placing a second magnet on
a piece of soft iron near the first, other magnetic curves may be
formed. The object of tapping the card is to neutralize the fric-
tion and enable the particles to assume the positions they would
take if perfectly free to move. The curves may be rendered per-
manent by using waxed paper instead of cardboard, forming them
as before, and holding a hot piece of metal just above them, when
the wax will melt and hold the filings in place.

117. Magine MAGNETS.

Apparatus. Some good permanent magnets, and some short
bars of hardened steel, such as pieces of stout knitting needles
about two inches long. They should be hardened by heating to
redness, and letting them cool quickly, then drawing the temper
by heat till they acquire a violet straw color. A stand is needed
from which the magnet may be suspended by a filament of silk to
test its strength, and a glass shade to cut off currents of air.

Eicperiment. The larger the piece of steel the more difficalt is
it to magnetize it to saturation. Common needles, or the small

pieces of watch-spring used in galvanometers are easily charged by |

merely rubbing the end that is to be north, on the south pole of a
permanent magnet about a dozen times, and the other end the
same number of times on the north pole. For larger bars much
more care must be taken, several methods of rubbing the bar hav-
ing been proposed, some of which will be described below. To
test the magnetism imparted, the magnet must be suspended
freely, as described in Vol. I, Experiment 8. If too heavy to be
5
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supported by a single filament of silk, a bundle of several must be
employed, taking care that they are not twisted. To determine
whether the bar is already magnetized, suspend it, cover it with
the glass shade, and see if cither end points to the north, and if
when disturbed, it vibrates, and finally retwins to its original posi-
tion. If so, measure the time of a number of these vibrations,
find by division the time of a single vibration, and take the
reciprocal of its square. This gives a measure of the strength of
the magnetism or more strictly of the magnetic moment. ~Remove
the magnetism by rubbing the north end once or twice on the north
pole of a magnet, and the south end on the south pole. Suspend
it again, and see if the time is increased. If rubbed too much, the
polarity will be reversed, and the other end will now point north.
Repeat until the magnetism is nearly removed, and the time of
vibration is very great. Then magnetize by one of the following
methods, and again take the time of vibration. Remove the mag-
netism, by turning the .bar end for end, and repeating, see if
the time can again be rendered very great. Do the same with
the other methods of magnetizing. Finally, compare the results,
and see in which way the strongest magnetism can be induced.

The first method to be described is known as that of single
touch. The bar to be magnetized is fastened to the table, which
is best done by placing its ends on the opposite poles of two
permanent magnets, the end which is to be north against a
south pole, and vice versa; it is well to mark one end of the bar,
to show which is north. Now bring two permanent magnets
down over the centre of the bar, not quite touching each other,
with unlike poles together and inclined outwards so that each
shall be inclined about 15° to the horizontal. To prevent their
touching, it is well to lay a piece of wood on the centre of the
bar. Now draw them apart, letting them slide over the bar nntil
they reach the ends, then raise them and bring them back through
the air to a point over the centre and then down into their former
position ; repeat several times, then turn the bar over, and stroke
the other side in the same way. Of course, the north end of the
bar must be stroked by the south pole of the magnet, and the south
end by the north pole.
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By the method of double touch, the two magnets are held ver-
tically, separated by a bit of wood, and brought down onto the
centre of the bar. They are then drawn together to one end of
the bar, and back to the other end, and thus backwards and for-
wards taking care to stop in the middle after stroking each end an
equal number of times. A horse-shoe magnet is particularly con-
venient for this purpose.

A third method of making horse-shoe magnets, proposed by
Jacobi, consists in laying its poles against those of two perma-
net magnets, and drawing a piece of soft iron over it from end to
end.

A still more effective method is to place pieces of soft iron
against its ends, and enclose the whole in a helix of insulated cop-
per wire through which a powerful current of electricity is circula-
ting, making the whole in fact an electro-magnet. In the other
methods the effect is much improved by using electro-magnets
instead of permanent magnets.

118. ForCE oF MAGNETS.

Apparatus. In Fig. 83, ABC is a small steelyard with a rider
of such a weight that each division of the arm shall correspond to
one tenth of a gramme. Two pins limit the motion so that it
shall only rise or fall by a small amount. D is a soft iron bar, hung
a short distance above the magnet to be tested, £Z. The latter
rests on a board hinged at @, and which may be raised or low-
ered by the micrometer screw Z. The pitch of the latter should
be somewhat over a millimetre, as, for instance, a twentieth of an
inch.

Eaxperiment. In the practical application of magnets it is often
important to know the amount of attraction at various distances.
This is determined with precision by 5

the following method. Remove the C 6 BT 17 )

magnet, and set the rider so that the

piece of soft iron shall be exactly bal- Z EE

anced. Then replace the magnet and = “—4::-

set the board #@ under D, in such a = T )
2. 83.

position that the distance of the point
under D from @ shall be to the distance '@, in the proportion of
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1 millimetre to the pitch of the serew. Thus, if the latter is 25"
make D@ == .7874 FG. One tum of # will then produce a
motion of the point of the board under D, of one millimetre.
Turn Fso as to raise the board until the magnet is in contact
with D, and its weight removed from the steelyard, so as to bring
C to the lower pin. Read the number of turns and fraction of a
turn, then move & until the bar touches the upper stop, and
read again. If the magnet is very powerful, a plate of glass may
be placed over it, and the thickness added in meusuring the dis- ,
tance of D, or D may be removed, the magnet raised, and then, after
replacing D, lowered into the required position. An undue strain
on the steelyard is thus avoided. Next, lower the board and
move the rider towards the end of the arm one division, or more,
if this is not sufficient to bring it against the lower pin. An at-
traction of the magnet of .1 gramme will then be required to
bring thé heam again into equilibrium. Turn F until the bar
rises from the lower pin, and read #. Then turn it back, until the
beam returns to the lower pin. Subtracting the readings just
taken from these, gives two values (one for each pin) of the dis-
tance at which the force of attraction is .1 gramme. Take a series
of readings with various positions of the rider, and read the position
of F for each. Subtracting the first readings from them, gives the
comparative values of the distances «, and forces of attraction .
To see if these quantities are connected by the relation y = m a7,
orif the force is proportional to any power of the distance, con-
struct a curve with codrdinates log  and log @, and if it forms a
straight line, the tangent of the angle it makes with the axis of X
-gives the power n. This experiment may be used to study the best
form of magnet for electro-magnetic engines, or for various other
purposes.

119. Law orF MaGNETs.

Apparatus. A compass resting on a scale divided into centi-
metres, and placed at right angles to the magnetic meridian, and a
bar magnet.

FExperiment. Remove the bar magnet to a considerable dis-
tance so that on turning it end for end, the position of the com-
pass needle will not alter perceptibly. Place the compass over
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the zero of the scale and turn it so that the needle shall point
to zero. Now place the magnet at the further end of the scale
with its centre an exact number of decimetres from the centre of
the compass. Read the change in position of the compass needle,
taking the mean of the two ends. Take a series of readings for
various positions of the magnet, first with one pole and then the
other, turned towards the compass. The tangent of the angle of
deflection equals the ratio of the deflecting force of the magnet to
the horizontal component of the earth’s magnetism. Construct a
curve with these tangents as ordinates, and the distances measured
on the scale as abscissas,

If we assume that the effect of a magnet is the same as if its
whole mass were concentrated at the two poles, the theoretical form
of this curve is readily deduced. Let « equal the distance of the
centre of the magnet, and & the distance between its two poles,
which is somewhat less than its length, and y the corresponding
force of attraction. This may be regarded as composed of two
forces, one acting at a distance z—, and the other, which is
weaker, due to the further pole, at the distance #-d. These

. . H —_a
forces being inversely as the square of the distance, y = @—a)

— G f ay = mffcjﬂ),. To see if any values of @ and & will

satisfy the observations, this equation must be reduced to a linear
form. Solving with regard to (x* — d?), we have (2* — d%) =

=t Iy ©
\/4(101%, or calling & = m and A/4ad = n, #* = w, and \/T
w — m = nz, which is linear, or represents a straight line. Com-

:Z,

" 4 ey
pute, therefore, for each observation w = 2% and 2 = \/ —, and
construct the curve. If the above assumption is correct it will
become a straight line, and the point at which it cuts the axis of
w will give m = d? or the square of the distance between the
poles. f

120. DISTRIBUTION OF MAGNETISM.

Apparatus. A long iron bar which can be rendered magnetic
at will by two coils of coarse wire, C' and D, Fig. 84, placed near
its ends. A current is passed through the coils by a constant bat-
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tery B, and may be sent through them in either direction by
the commutator Z. Soft iron cores are inserted in the coils,
which thus render them powerful bar electromagnets. A thin
coil of fine wire, A, slides over the long bar, and has its er_xds con-
nected with a reflecting galvanometer G. Its position is meas-
ured by a millimetre scale.

Experiment. Remove one of the coils to a short distance from
the bar, and draw its core out so that it shall have no effect on the

coil 4. Then make the circuit by the
& commutator, when a current will be sud-
denly induced in the long bar, and by
the latter in A, thus deflecting the gal-
vanometer. Read the extreme deviation
of the spot of light, and after a few min-
utes break the circuit and read again.
A second current will be induced, this time in the opposite direc-
tion. The magnitude of this deflection affords an excellent meas-
ure of the strength of the induced magnetism. Repeat the
experiment, giving 4 various positions, and recording the detlec-,
tion in each case. Construct a curve with ordinates equal to the
galvanometer readings, and abscissas to the distance of the coil 4
from C. To make sure that the coils have no effect by their
direct action, substitute for the long bar a glass tube, when the
galvanometer needle should remain at rest. The theoretical form
of the curve in the above experiment calling % the deflection and
« the distance, is ¥ = ab® or log y = log a —= log 5, so that con-
structing a second curve with ordinates equal to log y instead of
¥y, we should obtain a straight line. Now replace the coil D, and
passing the current through €' and D in the same direction
observe the deflection for various positions of 4. Do the same
with the current passing in opposite directions through the coils.
Construet curves for both cases, also the curve midway between
them. The latter is found by taking the mean of the ordinates
of points having the same abscissa. The last curve will be found
to be coincident with that obtained with a single coil. Moreover,
if a curve is constructed with ordinates equal to the deviation of
the two curves from their mean, and abscissas equal to the dis-
tances of the coil 4 from D), instead of C, we shall again obtain

Fig. 84.
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the same result as with a single coil. We may therefore conclude
that each coil will produce the same effect as if the other was ndt
there. This method of studying the distribution of magnetism is
widely applicable; the coils €' and D may be placed directly on
the bar if we repeat the experiment, using a glass tube instead of
the iron bar, and subtract the deflections thus obtained, to elimi-
nate the direct action of the coils. Again, if the coil 4 is placed
on a permanent bar magnet and a soft iron armature withdrawn, a
deflection is obtained, whose amount will vary with the position
of 4.

121. Mace~NETIC FIELD.

Apparatus. A constant battery B, Fig. 85, a circular coil of
wire, C, about half a metre in diameter, and a compass &. The
needle of the latter is suspended by a filament of silk, and by an
index is read to tenths of a degree. The coil is mounted so that
its position with regard to the compass may be varied, by moving
it either parallel or perpendicular to its own plane by an amount
which may be measured by a millimetre scale.

Experiment. Set the compsiss so that the reading shall be zero,
then ‘place the coil so that the needle shall lie in its plane, and
their centres coincide, and connect
the terminals of ¢’ with the bat-
tery. A tangent galvanometer is
thus formed, and the needle will be
deviated by an angle whose tan-
gent gives the strength of the
magnetic field produced by the
coil compared with that due to Fig. 85.
the earth’s magnetism. Now
move the coil in its own plane half a decimetre to one side, and
repeat the reading. Take observations in this way at intervals of
half a decimetre until the coil touches the compass, and then con-

_tinue the readings with the compass outside the coil. Construct
a curve with abscissas proportional to the distance of the compass
from the centre of the coil, and ordinates to the tangent of the
angle of deflection, or to the strength of the magnetic field.

Replacing the compass at the centre, take a series of readings
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of the deflection of the needle when the coil is moved perpendic-
ular to its plane, a decimetre at a time. Construct a curve as
before, and compare it with the result of the following theoretical
considerations. Let y equal the radius of the coil, and @ the
perpendicular distance of the needle from its plane. Then the
distance of any point of the coil from the compass, will be

(=*+ y’)% and the line connecting them will be inclined to the line
connecting the needle and centre of the coil by an angle which
we will call ». Then the effect of each element of the coil will
be inversely proportional to the square of its distance, or to
(2* + %), and its component perpendicular to the coil, is the only
one which will act, since the component in the plane of the coil is
exactly neutralized by an equal and opposite component from the
element of the coil distant from it 180° Since, moreover, the
total effect will be proportional to the number of elements, to
2ry, or to y, we may write the strength of field f = %i%;:

2

vy , substituting for sin v its value in terms of  and y, and
@+ yi -
calling @ the strength of magnetic field at the centre of the coil
where « = 0. Give proper values to' ¢ and y, compute j for
various values of «, and construct a curve with fand z as co-
ordinates. It should give the same result as that obtained by
experiment,

If, in the above formula we make f a constant, we obtain

et yl— byﬁ, in which & is also a constant and equal to agf_%.
Suppose now a galvanometer constructed with a series or shell of
coils of diameters and distances from the needle equal to the val-
ues of y and x taken from this equation. Then evidently all the
coils will produce equal effects, all greater than that of any coil
wound outside of this shell, and less than that of any coil inside
of it. Accordingly, if the whole interior is filled with coils the
greatest effect on the needle will be produced, or we shall have
the greatest deflection for a given current, and the galvanometer -
constant will be reduced to a mininum. This equation therefore
is important as giving the best shape for the coils of a delicate
galvanometer.
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122, TesTiNG THERMOMETERS.

Apparatus. The thermometer to be tested, and two tin vessels,
one to contain melting snow, the other hoiling water. The first
of these, AB, Fig. 86, is cylindrical, terminating below in an in-
verted cone, with an orifice by which the water may escape.
The second vessel, ABC, Fig. 87, is also cylindrical, and high
enough for the bulb and stem of the thermometer to hang in the
steam. The upper part should be double, so that the steam may
pass up in the centre and down on the outside, otherwise the
upper portion will cool off, and the thermometer reading be too
low. If the tube is to be calibrated, reading microscopes, or the
Dividing Engine, Vol. I, Experiment 21, are also needed.

Ezrperiment. TFirst to determine the error of the zero point,
place the bulb of the thermometer in the first vessel and surround
it with snow, or if this cannot be obtained, with
pounded ice, as in Fig. 86. If the snow is very
dry, wait until it begins to melt, when the reading
of the thermometer should be 0° C, or 82° F.; the
deviation will be the required error, and should be
read to tenths of a degree. If the position of the
zero is accurately determined, it will be found to
alter continually, especially if the bulb has been
recently blown and has not been well annealed.
On this account the best makers keep their tubes months or even
years, before using. The change goes on increasing for years and
may amount, in extreme cases to 1° or 2°. Beside this change
there is a temporary change produced whenever the thermometer
is suddenly heated even to the temperature of boiling water.
This effect does not pass off for several days.

Fig. 86.

Kt
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Secondly, to determme the error of the boiling point. Place
a little distilled water in 4B, Fig. 87, and heat it to boiling. Pass
the thermometer through the cork closing the top,

and push it down until the boiling point is just out-
side, but not so low that the bulb shall touch the
, water, since the temperature of the water changes,
while that of the steam is nearly constant. The

outlet for the steam, C, should be large enough for
its free escape, otherwise a pressure will be pro-
duced inside, which will affect the temperature.
Observe carefully the reading of the thermometer,
and the height of the barometer, ZZL The true temperature will
equal 100° 4 #; (JI—760). The difference of the observed and
calculated readings equals the error for this point also. For ordi-
nary work these observations are sufficient, and assuming that the
tube has a uniform diameter throughout, we may determine the
errors for any temperature as follows. Construet the points with
abscissas equal to the zero and computed boiling points, and ordi-
nates equal to the differences between the observed and computed
temperatures enlarged. Connect them by a straight line and it
will give the error for any intermediate point of the scale.

If greater accuracy is desired, the tube must be calibrated, to see
if it is eylindrical. For this purpose a short column of mercury
must be separated from the rest, and its length measured in differ-
ent parts of the tube. To separate the mercury, invert the ther-
mometer, and if the column does not at once descend, tap the
tube on the table. If the mercury descends without breaking, so
as to fill the tube, a small air bubble, will be seen in the bulb. In
this case turn the tube back, when with a little patience the bub-
ble can always be made to ascend to the end of the tube, and
then the mercury will separate at that point. The point of separa-
tion is usually determined by a minute air bubble adhering to the
glass, which expands when the column separates. If the thread
is too long by an amount equal to n degrees, warm the bulb by this
amount after separation has taken place, and the expanding mer-
cury will push the air bubble forward with it. Let the mercury
reunite and cool, when it will contract past the bubble. Now,
make it separate again, and the column will have the desired

Fig. 87.
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length. If too short, a longer column is obtained by heating the
mercury by the desired amount, then causing the separation to
take place. In this way a thread of any given length is readily
obtained. It is then brought to any required position by inclin-
ing the tube.

Separate a column about 20° in length, and take a series of
readings of the position of each end, to tenths of a degree, as it is
successively moved to various points of the tube. Call 7 the
reading of the lower end of the column, or that next the bulb,
and w the reading of the upper end, and construct a curve with
abscissas proportional to 7, and ordinates to #—/ Since the lat-
ter quantity will vary but slightly it is better to subtract a con-
stant quantity from all the readings, and construct the differences
on an enlarged scale. Determine from this curve the value of
2, when I = 0, and call it u’ Then make ? =1/ and find the cor-
respondmv value of u, or %”’; make ? =+’ 4 «” and find %, then
=14 ! + «”, and thus proceed until we obtain a series of
values of points of the scale separated by spaces whose volume
will precisely equal that of the mercury column. If now we con-
struct the points with abscissas equal to o/, u”, ", ete., and ordi-
nates to 1, 2, 3, etc., and draw a smooth curve thl'ough them, it
will show the true volumes of various portions of the tube, in
terms of the volume of the mercury column taken as a unit. But
ag this curve will nearly coincide with a straight line, it is better
to draw a residual curve at once, with abscissas as before equal to
o', u”, w”, ete., and ordinates 1 — na/, 2 — nu”, 3 — nu'”, ete, n
being so chosen that these quantities shall be as small as possible.
Determine from this curve the volume corresponding to values of
u equal to 10°, 20°, 30°, etc., and divide each by the volume when
u =100°. The resnlts will give the volume in fractions of the
volume between 0° and 100°. Multiplying by 100 and subtract-
ing the products from 10°, 20°, 80°, etc., gives the error at these
points. Call ¢ the error thus found, due to the shape of the
tube, and Z that determined above from the freezing and boiling
points. Then the entire error will equal ¢4 Z and a curve
should next be constructed with temperatures as abscissas, and
the values ¢ 4 Z as ordinates. It will be noticed that the values
of ¢, unlike those of E, need only be determined once for all.
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The above method of determining the errors, e, due to the shape
of the tube, may be divided into two parts. First, to find the
points separated by equal volumes, and secondly the computation
from them of the errors. Other methods may be substituted for
either of these; thus the required points may be found directly
by moving the mercury column along by an amount exactly equal
to its length. This is the method commonly employed, but it is
both more troublesome and less accurate than that given above,
and is open also to the serious objection that an error in any one
reading is communicated to all. Instead of the second portion
also, we may assume that the tube is nearly cylindrical for a
length equal to the mercury column, and find the volume of the
intermediate portions by a simple division. But this assumption
is correct only when the column is short, and in that case we can-
not measure the changes in its length with precision.

123. WricaT THERMOMETER.

Apparatus. Some test tubes, a piece of the solid and some
of the liquid to be tested, some mercury, some ice, a balance
and, weights.

Ezxperiment. Draw out one of the test tubes in the flame of a
Bunsen burner to a fine point, and bend the end into a hook.
Weigh it and cdll the weight W. Fill it with mercury, by heat-
ing it and dipping the end into mercury, which will pass into the
tube as the enclosed air cools. Heat again, and repeat until the
tube is full. It may be necessary to boil the mercury, but this
must be done with great care, as it is very liable to break the
glass. A quicker but less exact method is to introduce a-drop or
two of ether, which boils much more easily, and can be in a great
measure expelled by heat.

» Cool the tube with its point in mercury, by immersing it in ice
water, and call its weight T’. Then heat to a temperature ¢
when a portion of the mercury will be driven out of the point of
the tube by its expansion. Collect this overflow, and call its
weight w. The amount of mercury remaining equals W’'— W—w,
and if this were heated to ¢, it would expand by an amount equai
to w. Hence calling m the coefficient of expansion of mercury in
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glass, we have w = mi( W' — W —w), from which m is readily
determined.. But this expansion equals the difference between
the absolute expansion of the mercury and that of the glass, or
m = .00018 — g, calling g the expansion of the glass. A temper-
ature is now measured by this thermometer by filling it with
mercury at 0° exposing it to the temperature to be tested, and
weighing the amount of mercury expelled. Evidently the maxi-
mum temperature attained is always given. Instead of the over-
flow it is sometimes more convenient, but less accurate, to observe
the weight of the tube and contents after exposure, and determine
the overflow by subtraction.

To measure the expansion of a solid, its weight and volume,
or specific gravity, must first be determined. It is then placed in
a test tube, the latter drawn out to a point, filled with mercury at
0°% and weighed; heating to ¢, the overflow is determined pre-
cisely as before. The coefficient of expansion of the solid, e, is
given by the equation,

w W —-Ww s s W — WA
5= —rr e+ o)

in which s is the weight of the solid, p its specific gravity, W the
weight of the tube and solid, and the other quantities the same as
in the last paragraph. It will be noticed that the three terms of
the second member of this equation represent the expansions of
the mercury,solid and glass, respectively, and that each is equal to
the product of the volume by the coeflicient of expansion by the
change in temperature. The volumes, moreover, of the mercury
and solid equal their weights divided by their specific gravities,
and for the glass equals the sum of the volumes of the other two.

The expansion of a liquid may be determined precisely like that
of a solid, except that the tube must be inverted so that the liquid
shall not escape. A Simpler method, however, is to employ the
above method of determining the expansion of the glass, replacing *
the mercury by the liquid. This gives, however, only the average
expansion, and will vary according to the value of ¢ employed.

The expansion of air, or other gases, may also be determined by
this apparatus, and by carefully drying, the gas and taking many
other precautions, very accurate results may be obtained. Heat
the tube when filled with air or gas, to a temperature ¢, by im-

.
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mersing it in a bath of water or oil carefully stirred. Then seal
the end of the tube in the flame of a Bunsen burner, remove it
and let it cool. Observe also the height of the b'arometer, R,
Dip the sealed point into a vessel of mercury and break it beneath
the surface. The mercury will immediately rush into the tube
and stand in it at a height p. Observe the temperature, or better,
surround it with a bath of cold water at temperature #. Invert
the tube, taking care that no mereury shall escape, and weigh it ;
find also the weight when entirely full of mercury, and when
cmpty. Call these three weights, ', «” and w. Then since the
volumes are proportional to the weights, we see that the volume
w — w at temperature ¢ and pressure P— p, will expand to a
volume "’ —w, at a temperature ¢, and pressure P. Calling W
the weight it would have at the standard pressure /7 = 760 mms,,
and temperature 0° we have, as shown, Vol. I, p. 51, % — w =

w1+ at’)P—I;I—y and w”’ —w = W(1 + at”)j.lg[a whence elim-

inating Wand H by dividing and solving with regard to @, we
(W —w) (P—p) — @' —w)P
w — w) Pt — (w — w) (P— p)t"

deduce ¢ = q

124. EXPANSION OF SOLIDS.

Apparatus. A long straight bar or wire of brass, or other
metal to be tested, about a quarter of an inch in diameter, and
three or four feet long. A fine line is drawn near each end of the
bar, and it is enclosed in a glass tube through which either water
or steam may be passed continually. A thermometer is inserted
at each end to show the temperature of the interior. Instead of
a glass tube, a rubber or metallie tube may be used with the ends
of the wire and the thermometers projecting. Two reading
microscopes with eyepiece micrometers, which may be fastened
firmly to the table, are also required.

g Laperiment. Place one reading microscope over each end of
the bar, and determine their distance apart, and the magnitude of
one division of each micrometer, as deseribed in Vol. I, Experi-
ment 20. Then pass a stream of cold water through the tube,
measure the temperature of each end, and read the position of
the lines marked on the wire by the micrometers. Call ¢ the
mean of these temperatures, and ! the distance between the two
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marks, which is readily determined from the distance of the
microscopes, and the magnitude of the micrometer divisions.
Now pass a current of hot water or steam through the tube and
measure again the mean temperature ¢’ and length {”. Then if
lis the length the bar would have at 0° and a the coeflicient of
expansion, we have by‘the law of expansion, /! =17 + a¢7 and
" =1+ at”l. Dividing, to eliminate /, and solving with regard

ll/
to a, we deduce a = =T Repeat, and then measure the

expansion of some other metal, or of the same metal between
other limits of temperature.

125. Expanstiox or LiQuips.

Apparatus. A graduated tube closed at one end by a cylin-
drical bulb, whose volume is dependent on the liquid to be used.
If this is water, the volume of the bulb should be about twenty
times that of the tube. A thermometer, some mercury, a bal-
ance and weights are also needed.

Ezxperiment. If the bulb is empty, it should be filled with the
liquid to a point near the bottom of the tube, either by pouring it
down the side of the interior, or if this is too small, by the follow-
ing method. Warm the bulb and dip it into the liquid, when, on
letting it cool, some of the latter will rise into the bulb. Then
invert it and heat carefully until the liquid boils. Dip again into
the liquid, when oun cooling, the latter will fill the tube. A por-
tion of the liquid must now be removed, so that its surface shall
be near the lower part of the graduation, either by shaking the
tube, or by inserting a wire. Next,take a series of readings of
the position of the liquid for various temperatures, extending over
as wide a range as possible, but not approaching too near the boil-
ing point Construet a curve with temperatures, ¢, as abscissas,
and the’ positions of the liquid as ordinates, which we may call Z.

To determine the expansion, two quantities must now be
known, the volume of the bulb B, in terms of the divisions of its
tube, and the expansion of the glass, g. These quantities may
be determined once for all, or they may be found as follows,
Weigh the bulb empty, and when filled with mercury to a point
7, near the bottom of the tube, and again to a point I”, near the
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top of the tube. Call the three weights e, w’ and w”. Then if
m is the weight of mercury required to fill one division of the
tube, evidently @’ —w =m (B + ) and v’ —w =m (B+1"),
eliminating 7 by division and solving with regard to B, we deduce
p =t —u T —w)
rectly, it is better to first obtain w”, then remove part of the
mercury and weigh it; «” minus this quantity gives «’ more
accurately.

To find g, partly fill the tube with mercury, measure the read-
ing of the surface Z’ and Z” at two temperatures ¢’ and ¢” which
should by preference be near the freezing and boiling points of
water. Then if L represents what the reading would be at 0°,
we have by the law of expansion, Z' + B= (L + B) (1 + mit')
and (L” 4+ B) = (L + B)(1 4 mt’), or eliminating, m =
t"(I' + B)— ¢ (I'"+ B)

LI/ pYIn) LI

Instead of weighing ' di-

; m is here the apparent expansion of

the mercury, or its true expansion minus the expansion of the
glass. Since the first of these quantities equals .00018, we bave

=.00018 — m.

Returning now to the original curve for the apparent expansion
of the liquid, prolong it, if necessary, to the point where ¢ — 0°,
and call the corresponding value of , 4. Find the value of I for
values of ¢ = 10°, 20°, 30°, etc., and the total apparent expansion
from 0° to these points will equal Z— 7, divided by the volume at 0°,
or G 4. DBut this is the true expansion minus the expansion of
the glass, hence the true expansion £ = —(ZT——-T-%J + #g. To find
the rate of expansion of the liquid at various temperatures, draw
lines tangent to the curve at the points employed above, and find
the increase in volume per degree. Dividing this quantity by the
volume at 0°, & + 1, gives the apparent expansion, and adding g
to each, gives the true expansion. Finally, draw curves with
temperatures as abscissas, and expansions as ordinates, and com-
pare the results with those given in the Tables.

126. ExPANsION oF GASES.

Apparatus. A Florence flask, 4, Fig. 88, immersed in a vessel
which may be heated, and whose temperature may be measured
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by a thermometer, B. The flask is filled with dry air and closed
by a cork through which passes a bent glass tube, O, serving as a
gauge. The lower part of the tube is filled with mercury whose
height is measured by a scale attached to each arm.

Experiment. Read the height of the barometer, the tempera-,
ture of the water by B, and the difference in level of the mercury
in the arms of C. Then the pressure of the air
in A will equal the height of the barometer, plus
the height of the mercury in the right hand arm
minus that in the left hand arm; that is, the dif-
erence in the two arms, supposing the pressure
of the air replaced by a column of mercury of
height equal to that of the barometer, added Bg; 58
directly to the mercury in the right arm of the gauge. Heat the
water twenty or thirty degrees, and withdraw the lamp. Stir
briskly with B when it will be seen that the temperature at first
rises, attains a maximumn, and then begins to fall. Read the ther-
mometer 3 and gauge C, and repeat. Four or five readings
should be taken in this way between the freezing and boiling points.

We have thus a number of readings of the corresponding tem-
perature and pressure of a given quantity of gas under nearly
constant volume, since the volume of €' is very small compared
with that of 4. Call ¢ the temperature, P the pressure, and
P, the pressure it would have at temperature 0°. Then P =
Py (1 + at) in which a is the required coeflicient of expansion.
Apply the method given Vol. I, p. 5, to this case, and determine
the most probable values of @ and P,. The above equation may

‘be written 0 = 1 — .2"‘,l — aP—t~ in which —2; corresponds
P b2 P

1 ¢

to a, plom —aP,to b,and pto y. Apply the rule by sub-
stituting proper values of ¢ and P from the observations taken
above, and thus form as many equations of condition as there
are observations. Then multiply each equation by the values of
1 :
bo and equate their sum to zero. This gives one normal equation,
and the second is found similarly by multiplying by the various

{2 i .
values of —5. Solving the two normal equations gives P and
aP,, and hence a.

]
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127. CmanxcE orF VoLumE BY Fusion.

Apparatus. A test-tube 4, Fig. 89, closed by a cork through
which passes a graduated bent glass tube B. A thermometer,
some mereury, ice and a balance and weights, are also required.

Eaperiment. Put some dryice in the test tube, and fill the
remaining space nearly to the top of the graduation with mercury
cooled to 0° C. Read the position of the top of the mercury,
and let the ice melt. As the water occupies less space than the
ice, the mercury will fall until the fusion is complete. Read the
level atthis instant. If the water is allowed to grow warmer, it will
continue to contract, until a temperature of 4° C. is attained, and
then it will expand again. Care must therefore be taken to read
the level as soon as all the ice has disappeared, or else the tube
should be immersed in ice water to prevent its becoming warmed.

Dry the outside of the tube and weigh it. Weigh the

mercury now in the tube, and weigh the latter, when

A empty, when filled to the top, and when filled to the

bottom of the graduation. From the last two weights

5] the volume of each division of the tube is readily ob-

tained by dividing their difference by 18.6 times the

number of divisions. The volume of the water is also

readily deduced from the weight of mercury, of the

tube when full, and the magnitude of the divisions.

The change in volume by fusion is then found from the compara-
tive volumes of the ice and water.

The change in volume of any other substance may be similarly
determined, except that a correction must be applied for tempera-
ture. In the case of fusible metal, or other alloys, water or oil
should be used instead of mereury, to avoid amalgamation, and as
thé solid is then vsually heavier than the liquid, the tube B should
be straight, instead of bent,

Fig. 8.

128. CoNDUCTION OF SOLIDS.

Apparatus. In Fig. 90, BC is a bar of the metal to be tested,
with the bulbs of several themometers inserted in it at regular
intervals. A is a vessel which may be filled with boiling water,
and 7 is a short piece of the metal, with a thermometer in it to
show what the temperature would be if the bar was not heated.
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This experiment may also be performed with a thermo-pile (Exper-
iment 131) sliding along the bar.

Experiment. Read the thermometers in BC and D, which
should mark the same temperature. Fill 4 with boiling water,
and at the end of a minute read again. Repeat, at intervals of a
minute, always beginning with the thermometer next B, and
reading them in order, until the temperature has become constant,
and the readings do not alter. Then construct a series of curves,
one for each minute, in which abscissas will represent the inter-

vals between the thermometers, N

and ordinates the increase of J) BN o

reading of each thermometer, i SN =5

or its reading minus that of é

the thermometer . The final 2 c b
curve should be such that the Fig. 90.

logarithms of the ordinates will be proportional to the abscissas,
or the latter being taken in arithmetical progression, the former
will vary geometrically. See if this is the case, by using as ordin-
ates the logarithms of the excesses of temperature, and abscissas as
before, when the result should be a straight line. The other curves
will show the gradual progress of the heat along the bar. By
using several bars of various metals, but having the same dimen-
sions and covered with the same varnish, the comparative con-
ductibility may be determined.

If the thermo-pile is used, the temperature of any point of the
bar may be determined, as described in Experiment 131, and the
law of the distribution of its heat tested, as described below.

129. CoxpucTiON OF CRYSTALS.

Apparatus. A thin plate of quartz cut parallel to the axis,
with a minute conical hole cut in its centre. Some stout silver
wire ground to a point, some wax and the Dividing Engine, Vol.
I, Experiment 22, are also required.

FEixperiment. Warm the crystal and touch the wax to it, so as
to form a thin uniform layer over the surface. Let it cool, and
then heat the wire by a lamp after inserting one end in the hole.
The heat transmitted to the quartz will melt the wax, until the
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loss by radiation will equal that received from the wire. Allow-
ing it to cool, the edge of the fused portion will be marked by a
line whose position is easily observed. To ensure contact of the
wire and crystal, the latter should be turned. Measure the curve
thus obtained with the Dividing Engine, and construct it on an
enlarged scale on paper divided into squares. If quartz éonducted
heat equally in all directions, this curve would be a circle; but as
the conductibility is greatest in the direction of the principal axis,
the curve is found tb be an ellipse, with its transverse axis parallel
to the principal axis of erystallization. Construct an ellipse which
shall coincide as nearly as possible with the curve, and measure
the ratio of its axes. This curve may be obtained in a more
marked manner by using Meusel’s double iodide of copper and
mercury, which changes from red to black on being heated to 70°
C.,, but the curve thus obtained is not permanent, the color return-
ing as the crystal cools.

130. ConNtact THERMOMETER.

Apparatus. A thermometer with its bulb in a small funnel,
the stem passing through the neck, and the larger end being cov-
ered with sheet rubber after filling the funnel with mercury.
Some pieces of cloth, silk, woollen and other fabrics, and a large
surface heated to a constant temperature by boiling water or
steam, are required. The slab of a radiator is well adapted to
this purpose, and to avoid air currents it should be vertical, rather
than horizontal.

Eirperiment. Measure the temperature of the room as given
by the thermometer, and then hold it against the heated surface
until its temperature becomes stationary. Next, interpose in turn
the various fabrics to be tested, when the maximum temperatures
attained will depend on their relative conductibilities. This
method is not one of precision, and comparative results only can
be expected; but by interposing successively one, two, three or
more pieces of the same material, the law of variation may be
approximately determined.

131. Rapiant Hear.

Apparatus. A thermo-pile and a delicate short-coil galvanom-
eter, with a mirror and scale, rendered astatic either by a second
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needle, or by a damping magnet. Various sources of heat are
required, as the flame of a lamp, a platinum wire heated to red-
ness, a sheet of hot metal, and a cube containing boiling water,
with one face polished, a second varnished, a third painted white,
and the fourth black. Melloni’s thermo-bank may be used to
hold the various portions of the apparatus, but this is not indis-
pensable, as they may be placed in their proper positions on the
table. Plates of glass and of other materials are needed to study
the absorption of heat, and to prove the laws of reflection and
refraction of heat a horizontal graduated circle is required, with a
movable arm and index, to which the thermo-pile may be attached.
The mirror may be placed at the centre of the circle, and its posi-
tion marked by a second index. For the polarization of heat a
number of plates of clear mica, thin glass or collodion, are fast-
ened together and set at an angle of 55°, like the bundle of thin
plates in a refracting polariscope. Two sets of such plates are re-
quired, as polarizer and analyzer, and they should be free to turn
by a measured amount around their axes.

Experiment. Light the burner and place it a short distance
from the thermo-pile, whose ends should be covered to protect it
from the heat. Attach the terminals of the pile to those of the
galvanometer, and light the burner connected with the latter, so
as to form a distinet spot of light at the centre of the scale. The
galvanometer must be adjusted, as described in Experiment 102.
Remove the cover of the pile so that the heat of the lamp shall
fall on it, when the spot should at once move nearly to the end
of the scale. It is generally better to note the maximum deflec-
tion rather than wait for the spot to cease vibrating, and much
time will be saved by using a galvanometer of such a form that
‘the needle will soon come to rest.

Take a series of readings, placing the pile at various distances
from the flame, and see if the deflection is inversely as the square
of the distance. Otherwise a curve may be constructed for the
galvanometer by using as ordinates the deflection, and as abscissas
the reciprocal of the square of the distance. This should give a
straight line; and if not, all later observations should be reduced
by means of it.

Next, place the thermo-pile at the centre of the graduated circle,
and read the deflection when its face is inclined at various angles
to the incident rays of heat. The total amount of heat which
will fall on the pile will evidently be proportional to the cosine of
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the angle of incidence, and of this the amount absorbed by the
pile will also be proportional to the cosine of the same angle.
Hence the deflection should be proportional to the square of the
cosine of this angle.

To prove the law for the emission of heat, expose the thermo-
pile to the tin cube of boiling water, and note the deflection, as
the cube is inclined to it at various angles. The deflection should
be proportional to the cosine of the angle of emission. This law
is more simply proved by interposing a screen with a hole in it,
when the deflection will remain unchanged when the tin is turned,
as long as the angle of emission is not so great that a line from
the thermo-pile may fall off the heated surfice. But the radiat-
ing surface which acts on the pile, will in this case be inversely
proportional to the cosine of the angle, hence the total amount of
heat remaining unchanged, the radiation per square unit must be
proportional to the cosine of the angle. The law of the distance
may be proved in a similar manner.

The transparency of bodies to heat, or their diathermancy, is
measured by placing the pile at such a distance from the flame
that the spot of light will move nearly to the end of the scale.
Now interpose a plate of glass, or other substance to be tested,
when the deflection will be much less, 2 portion of the heat being
absorbed. The ratio of the two deflections gives approximately
the amount of heat transmitted. Of this, however, a portion is
reflected specularly, in amount depending on the index of refrac-
tion. A loss of about eight or ten per cent may be aseribed to
this cause. After allowing for this error, the absorption by differ-
ent transparent bodies will be found to vary very greatly, espec-
ially when various sources of heat are employed. To show that
this is the case, measure the transmitted heat from the incandes-
cent wire, heated metal and hot water vessel, when it will be found
that while rock salt is almost perfectly transparent or diatherman-
ous to all heat rays, that glass cuts off a large portion, espec-
ially in the case of the heated water, where a plate of glass is
found to be nearly opaque, or athermanouns. The reason is, that
each source of heat consists of a bundle of rays of various wave-
lengths, hence accurate quantitative results can be attained only
by separating these rays by a prism, or otherwise, and testing each
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separately. The absorption of two plates of glass is not double
that of a single plate, but follows a more complex law, each addi-
tional plate cutting off less and less, as if it acted like a sieve, and
removed the portions more easily absorbed. The absorption of lig-
uids is measured by two tanks of unequal thickness, the difference
in the transmitted rays in the two cases serving to determine the
absorption. The absorption of gases and vapors may be similarly
determined by a long tube whose absorption is measured when
empty, and when filled with the gas or vapor to be tested. In this
case, as the absorption is generally small, it is well to use a second
cube as a source of heat opposite the other face of the pile, and
measure the deflection before and after the vapor is interposed.
The galvanometer then shows the difference of the two bundles
of radiant heat.

The amount of heat radiated by a given body will depend
greatly on the condition of its surface. Expose the thermo-pile to
the four surfaces of the cube in turn, when it will be found that the
least heat will be received from the polished side, and the most
from that covered with the lampblack. The more heat a surface
radiates the more it will absorb; but this is not easily shown,
except by covering the face of the pile with various varnishes.
Commonly the pile is covered with lampblack, since this is one of
the best of radiators and absorbers.

When a ray of heat is allowed to fall on a polished surface, the
greater part of it is reflected, as in the case of light, so that the
angle of reflection will equal the angle of incidence. To prove
this, place a mirror of glass or metal at the centre of the gradu-
ated circle, and the thermo-pile on the movable arm. On turning
the latter, little effect is produced, except in a particular position,
and then a marked deflection is obtained. Note the position of
greatest deflection, and read the angles of incidence and reflection,
when they will be found to be equal. Repeat, giving the angle of
incidence various values. For this, and for some of the following
parts of the experiment, the pile should be constructed in the form
of a narrow strip, or line. If care is exercised, it will be found
that some heat will be reflected at other angles than that given by
the law of reflection. This is what is known as diffuse reflection.
It is best seen by using a very intense source of heat.
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Replace the mirror by a prism of rock salt, when it will be
found that heat is refiacted like light, the deflection of the gal-
vanometer attaining a marked maximum, in a position nearly
corresponding to that of the red end of the spectrum. Measure
the angles of incidence and refraction and compute from them the
index of refraction of the heat rays, as in Vol. I, Experiment 77.

Rays of heat may be polarized also, like rays of light. For this
purpose interpose the two bundles of plates of mica between the
source of heat and the thermo-pile, when it will be found on turn-
ing one of the bundles, that the deflection will be much greater
when they are parallel, than when at right angles to each other.
Call m and » the deflections in these two cases, and call A and B
the portion transmitted of the heat polarized in the plane of inci-
dence, and in the plane at right angles to it, when the incident
beams are equal to unity. Then when the plates are parallel we
shall have A4 transmitted of one ray by one bundle of plates, and
A? by both. Of the other ray, B? will be transmitted by both, or
of the whole light, A2+ B%. When the plates are crossed, we
shall have of one ray 4B, and of the other BA, or 24 B in all.
Therefore m = A? 4 B% and n = 2A4ADB. But the polarization

effected by one bundle of plates isj ac ﬁ, or substituting values

ofmandnA_B— e
A+ B m +n

132. Law or Coorivg.

Apparatus. A large thermometer with a bulb about an inch in
diameter, enclosed in a flask from which the air may be with-
drawn if desired. The whole is immersed up to the neck in a
vessel of water, whose temperature may be kept constant by
stirring.

Lxperiment. Heat the thermometer very carefully and slowly
over a Bunsen burner, until the reading is about 300° C., then
insert it in the flask and immerse the latter in the vessel of water.
Now take a series of readings as the temperature falls, for every
10° until a temperature of 100° (. is attained, and helow this at
the end of every minute. It is well to stir the water oceasionally,
and see that its temperature ¢ does not alter. The experiment
may be varied by exhausting the air or replacing it by another gas,

.
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or by altering the temperature of the water in the containing ves-
sel. To establish the relation between the temperature y and the
time , the simplest hypothesis that we can make is that the radi-
ation, or rate of cooling, d—i/:’ is proportional to the temperature.
But the surrounding medium radiates back an amount propor-
tional to its temperature . Hence we may write, d—‘z = ay — at,
or integrating, az== M log(y — ¢t), in which M = 434, the modulus
of the common system of logarithms. This is Newton’s law of
cooling, and rimy be expressed by saying that if the times are take
in- arithmetical progression, the excesses of temperature will var%
geometrically. This law may be tested by constructing a curve
with times as abscissas, and logarithms of the excesses of tempera-
ture as ordinates. If the law is correct, the result should be a
straight line; but this will seldom be the case, except for small
differences of temperatures.

Dulong and Petit showed that the rate of cooling could be
more correctly represented by the formula: —

g% = m1.0077" — m 10077 + np’ (y — ¢)"**

in which the last term represents the cooling effect of the air. In
this formula 7 and n are constants, dependent on the volume and
extent of surface of the cooling body, 7 depending also on the
material of the surface, and » on the nature of the ‘gas; & also
depends on the kind of gas present, and p equals its pressure.

133. PRESSURE OF STEAM.

Apparatus. In Fig. 91, 4 is a flask half full of water, closed
by a rubber cork, through which pass a thermometer, B, and a
bent tube, C'D, serving for a gauge. The water is first boiled for
some time to expel the air, and mercury then poured into the open
end of CD. As the flask cools the mercury will rise, until when
cold the difference of level will be equal to the height of the
barometer within about an inch.

LHixperiment. Read the height of the barometer, the tempera-
ture of the water, and the difference in level of the mercury in
the two arms of the tube. Heat 4 carefully, and take a series
of readings of the thermometer B, and difference of level of the
mercury in the two arms of CD. Subtracting the latter from the
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height of the barometer, gives the pressure of the vapor corres-
ponding to these varions temperatures. Construct a curve with
codrdinates equal to these pressures and tempera-
tures, and draw a second curve from the results of
Regnault’s experiments, as given in the Table of
the pressure of steam. If the observed pressure
at low temperatures is much greater than that
given in the Table, there is probably some air in
A, in which case the mereury should be emptied

Fl.x. out of C, and the air expelled by boiling. If time
. permits, it is well to observe the pressure as the wa-
ter cools, and compare the curve thus obtained with that given dur-
ing heating. If the water is heated too rapidly it is liable to boil
irregularly, and endanger the flask. This may be avoided by apply-
ing the heat more gradually, or by placing some sand or scraps of
platinum in the flask before sealing. If water collects above the
mercury in C, it should be allowed for by adding an equivalent
column of mercury, which, since the specific gravity of the latter
is 18.6, is found by multiplying its height by .0785.

Instead of bending the tube C'D into a U it may terminate at
D, and dip into a vessel containing mereury. It is then very
easily freed from air at any time by simply boiling the water and
removing the mercury vessel. When taking readings, the position
of the vessel should, however, be constantly altered, so as to keep
the surface of the mereury always at the same height.

134. PRESSURE OF VAPORS.

Apparatus. In Fig. 92, ABCD is a bent glass tube, closed at
A4, and filled with mercury, like a siphon barometer. A drop of
water, or other liquid to be tested, is passed through the mercury
into the vacuum, and evaporating, depresses the mereury column
by the pressure of its vapor. The arm 4B is enclosed in a large
thin glass tube, which may be filled with hot or cold water, and
the temperature measured by a thermometer, and rendered uni-
form by stirring,

If preferred, a straight barometer tube may be used, instead of
the bent tube, as in the last Experiment. For low temperatures it
is better to use a tube bent at the top, and the end immersed in a
freezing mixture, as the pressure will be that due to the coldest
part of the space occupied by the vapor.
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Experiment. Read the temperature by the thermometer, the
height of the barometer, and the difference in level of the mercury
in the two arms of the tube. Heat the water grad-
ually, when, owing to the increased pressure of the
vapor the mercury column in 4 B will descend. Take
a series of readings of the temperatures and corres-
ponding vapor pressures, found by subtracting the dif-
ferences in height of the two columns of mercury from
the height of the barometer. Construct a curve with
these quantities as codrdinates, and a second enrve
with the numbers given in the Table of the pressure
of steam.

Fig. 92.

135. SprcIFIC GRAVITY OF VAPORS.

Apparatus. In Fig. 93, AB is a graduated glass tube about
2 ems. in diameter and 30 ems.long.  ('is a larger tube surround-
ing the upper end, which may be filled with hot water, or heated
by steam. The temperature is marked by an immersed thermom-
eter. The liquid to be examined may be enclosed in minute glass
stoppered bottles made for the purpose, or in fragments of glass
tubes drawn out to a point. Some mercury, and a balance and
weights, are also required.

Frperiment. Close a thin glass tube at one end, and draw out
a small piece, so as to form a minute bulb terminating in a fine
point. Weigh it and fill with the liquid whose va-
por is to be measured, by warming and dipping the
end in the liquid, and as it cools a drop will be driven
inside by the pressure of the outer air. Heat the
glass carefully, so as to boil the liquid, and immerse
the end again, when, on cooling, it will be completely
filled. Close the end by holding it for an instant
in a gas flame, and then weigh it. The increase
of weight gives the amount of enclosed liquid. If the small glass
stoppered bottles are used, it is easy to weigh them empty and
full, taking care, in the second case, that the exterior is dry and
clean. Now fill the graduated glass tube with mercury, and in-
vert it over the vessel /), taking care that no air bubbles remain
inside. Pass the bulb containing the liquid under its edge, when
it will rise to the top and float on the mercury. Warm the tube

Fig. 93.
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by steam or warm water, when the liquid will expand, break the
bulb, and being converted into vapor, will displace the mercury.
The temperature maintained must be sufficient to evaporate all
the liquid, which is known by the surface of the mercury appear-
ing dry. Observe the height of the barometer, and the height of the
mercury inside the tube, above that outside. The temperature is
then read by the thermometer, and the volume by the graduation.
This must be reduced to the standard temperature and pressure

by the formula, Vo = Kpm, as explaived in Vol. I,
p-51, in which P equals the height of the barometer minus the
difference of level of the mercury inside and outside of the grad-
uated glass tube. The specific gravity compared with water will
then equal the weight of liquid employed, divided by the volume
computed as above. Its specific gravity compared with air is
found by dividing this quantity by .001293, the specific gravity
of air. If the liquid has a known chemical composition, its two
specific gravities are found by dividing its atomic weight by 28.88
and .0373, respectively.

136. DExsitY oF GAsEs.

Apparatus. A delicate balance and weights, a thin glass globe
closed by a stopcock, an air pump, drying tubes, and a supply of
the gas to be examined.

Eixperiment. Exhaust the globe as completely as possible, and
measure the pressure of the air remaining. Then weigh it, or
rather place a somewhat heavier weight in the other scale pan,
and counterpoise very exactly by weights in the pan over the
globe. Read also the height of the barometer and the tempera-
ture of the air of the room. Connect the drying tubes with the
globe and allow the air to enter very slowly. Weigh a second
time by counterpoising again, and the change in weight equals the
weight of the air required to fill the globe. Exhaust again, and
fill with the gas to beé tested. This is done by passing the gas
through the drying tubes to expel the air they contain, and then
allowing it to pass into the globe by partially opening the stop-
cock. To get rid of the small remaining amount of air, it is
best to exhaust and refill a second time. Weigh the flask as
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before, and the increase compared with that when filled with air,
gives approximately the specific gravity of the gas, as in Vol. I,
Experiment 46. The absolute density of the gas may be found
by reducing its volume to 0° and 760 mms. pressure, Vol. I, p. 51,
and recollecting that 1 litre of dry air weighs 1.293 grammes.
A much more accurate method, however, is to fill the globe with
mercury or water, measure the increase of weight, and thus de-
duce the volume in centimetres.

The preceding method can also be applied to finding the density
of a vaper; a few grammes of the liquid, very pure and carefully
distilled, must be poured into the globe, and the latter then im-
mersed in a bath of water or oil, and raised te a temperature con-
siderably above the boiling point of the liquid. The stopcock is
of course left open, and the vapor will rapidly escape, carrying
the air with it. When all the liquid has been converted into
vapor, which is known by the escape of vapor ceasing, the stop-
cock is closed, the temperature of the bath and the barometric
pressure being first noticed. The globe is then remoyed from the
bath, allowed to cool, and the exterior carefully dried and weighed.
The computation is made precisely as in the last Experiment, ex--
cept that the volume of a given weight is measured, instead of
the weight of a given volume.

137. MixTURE OF VAPORS.

Apparatus. In Fig. 94, AB is a glass tuhe closed above and
below with stopeocks, a third stopcock C being added above, in
which the hole passes only part way through the plug, thus allow-
ing a liquid to be added, a drop at a time. A second tube, D), is
connected with the first, and serves to measure the pressure of the
enclosed gas.

Euxperiment. The tube must first be dried, which is best done
by unscrewing O, opening A and B and blowing dry
air through the tubes. Then close 4 and pour mercury ¢
into the open tube till it stands at a point marked on /4 D
the tube AB. Read the height of the mercury in the
open tube, and screw € in place. Pour some water
into the end of C and turn its plug around once. B
When the aperture in the latter is up, it fills with

water which escapes into the tube as the plug is turned el
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over. The water evaporating will increase the pressure and make
the mercury fall in 4B, and rise in D. Add more mercury, there-
fore, through the open tube, until it stands exactly at the mark in
the closed tube. This is best done by adding an excess of mercury
and letting it slowly escape through 4. The increased height of
mercury in D represents the pressure due to the water, and will
be found to be nearly the same as that formed at the same tem-
perature in a vacuum. !

138. Seeciric Heat.

Apparatus. A cylindrical vessel of thin sheet copper silvered,
supported in a second similar vessel of the same material, by rest-
ing it on three wooden points, or on two strings stretched inside
the outer vessel, near the bottom. Two thermometers, one for
measuring small changes of temperatures, the other graduated up
to 100° C,, a balance and weights, a vessel in which water may be
heated, and some mereury and sand, are also required. Instead
of the copper vessels, common glass beakers may be employed, if
great accuraey is not required.

Experiment. Weigh the inner copper vessel, or calorimeter, as
it is ecalled, and then partially fill it with cold water, and weigh
again. Heat some water and notice its precise temperature, also
that of the cold water and of the room. Then pour part of the
hot water into the calorimeter, stir briskly, and read the tempera-
ture of the mixture as soon as it has become uniform. The suc-
cess of the experiment depends, in a great measure, on this opera-
tion, which requires much care. It is well first to take the tem-
perature of the cold water, at the beginning of a minute read the
thermometer in the hot water, then pour quickly and take a series
of readings as the calorimeter cools. Now weigh the calorimeter
with the mixture, and call its weight when empty, w, when con-
taining cold water, »’, and after the hot water is added, . Call
T the temperature of the hot water, ¢ that of the cold water, and
¢ that of their mixture; also call ¢ the specific heat of the cal-
orimeter, and S that of the hot water, which should equal unity
if the experiment is correctly performed. Then the weight of
hot water added is w” — o/, and its fall in temperature 7'— ¢;
hence the amount of heat it gives up is S(w” — ') (Z— t'), since
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the specific heat equals the amount of heat given out by a unit of
weight of the substance in cooling 1° C. The cold water, on the
other hand, gains in temperature (¢’ — ¢), and in weight (»' — w) ;
to the latter must be added the water-equivalent of the calorime-
ter, or weight of water which would require the same amount of
heat as the calorimeter to warm it 1°. But for every gramme of
the calorimeter we must have ¢ grammes of water; hence for w
grammes we must have wc grammes of water. Accordingly the
total amount of heat received will equal (¢ — ¢)(w’ — w -+ wc),
or since this must equal the beat given out by the hot water,
S’ — W) (T — ¥y = ( — ) (w — w + we), or § =
(w0’ — w + we) (¢ — ¢)

W —w)(T—7)
equal nnity, and it is well to repeat the experiment two or three
times, or until a value closely approaching this, is attained.

One of the principal sources of error is the loss due to radi-
ation from the hot water after its temperature is taken, and
before that of the mixture is observed. The readings taken dur-
ing the cooling of the mixture are designed to correct this error.
Construct a curve with abscissas equal to the times, and ordinates
to the logarithms of the excesses of temperature above that of
the room. This, by Newton’s law of cooling (Experiment 132),
will be very nearly a straight line, and continuing it back to the
point where the hot water was poured into the calorimeter, will
give the temperature which would have been attained had there
been no loss of radiation, or could we have mixed the liquids in-
stantly aud read the temperature at once. The value of ¢ thus
obtained is that which should be used in the above formula. To
still further reduce this source of error, the water in the calorimeter
should be somewhat colder than the air of the room, and the amount
of hot water added should be such as to bring the temperature of
the mixture about as much above that of the surrounding air.

This same method may be used for such other liquids as do not
undergo a chemical change on contact with water or with the
calorimeter; solids in powder may be similarly treated. Find in
this way the specific heat of sand, heating it for some time in a
vessel surrounded by boiling water, to be sure that its temperature
is uniform. Find also the specific heat of mercury, replacing the

-If no errors were committed, S should
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copper calorimeter by one of glass. The mercury must not be
heated over 100° C., or it will convert some of the water into
steam, and create a great loss, due to its latent heat.

139. Latext HEeaT oF Fusion.

Apparatus. The same as in the last Experiment, except that
some fresh, dry snow is needed, instead of the mercury and sand.

Experiment. Latent heat is measured almost precisely like
specific heat, and the same precautions are necessary in both cases.
The calorimeter is weighed empty, and when partly filled with
warm water; the temperature of the latter and of the room is
then observed. Take the temperature of the snow, and put some
of the dryest portions into the calorimeter; stir briskly, and as
soon as all is melted, take a series of readings of the temperature
every half minute. The correction for radiation is here much
greater than in finding the specific heat of liquids, since a much
longer time will elapse before all the snow is melted. Finally,
weigh the calorimeter and contents, to determine the amount of
snow added.

To compute from these observations the latent heat, call, as be-

fore, w, w’ and w”, the three weights of the calorimeter, —7; .

which will always be negative, the temperature of the snow, and
¢ and ¢ the temperature of the calorimeter, before and after add-
ing the snow. Call Z the latent heat, and S the specific heat of
the snow, which is about .5. Then the weight of the snow will
equal w” — w0/, and its gain in heat may be divided into three

parts. First, heating the snow from — 77 to 0°, its melting point; '

secondly, the latent heat Z, and thirdly, after fusion, warming the
water from 0° to ¢. The sum of these three will be (w” — w)
(8T+ L+t), or (0" — ') (BT + L - ¢), since the specific
heat of water is unity. The heat given out by the calorimeter
will be (2 — ') (2" — w + cw), and equating these two, and solv-

LA t—t)(w —
ing, gives L = ( ()'5:3__5)“*- 2 X ST —1¢.

140. Latent HEAT OoF VAPORIZATION.

Apparatus. In Fig. 95, 4 is a tubulated retort, with a ther-
mometer B passing into it to mark the temperature of the vapor,
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and C'is a Florence flask, into which passes a second thermometer,
D, to mark the temperature of the enclosed water. A scrcen, %,
serves to prevent the heat from passing directly to €' by radiation.
A balance and weights should be provided, and a Bunsen burner
to boil the water in 4. -

Ezxperiment. Fill 4 half full of water, and heat it by lighting
the burner underit. Disconnect € and weigh it, first when empty.
and then when partly full of water. Let
‘the water in A boil for some minutes, and
observe the temperature of the air of the
room, of the water in €, and of the steam
in 4. Then connect 4 and C, so that
the steam from the former shall pass over
into the latter, condensing and giving up
its latent heat. Qbserve the temperature Fig, 9.
of the water in C by the thermometer 0, .
every minute for ten or fiftcen minutes, then disconnect, and ob-
serve the temperature as €' slowly cools. To keep the tempera-
ture of the water in C uniform throughout, it should be stirred
continually with the thermometer, or by a metallic stirrer raised
and lowered by a wire handle. Weigh C with its contents,
and the increase of weight will equal the amount of steam re-
ceived from 4. Now construct a curve with abscissas equal to
the times, and ordinates to the temperatures, as given by D),
minus that of the air of the room. The curve thus drawn will
consist of two parts, one representing the heating, the other the
cooling of the water. Were there no loss by radiation, or other
causes, the first of these would become sensibly a straight line,
inclined to the axis by an amount proportional to the rate 4t
which the heat is conveyed from 4 to C, and the second curve
would become a horizontal straight line, since the temperature
would remain unchanged. Owing to radiation, however, the
water is continually losing heat, and a very considerable error is
introdnced if this loss is neglected. To apply a correction, we
must know the rate at which the temperature would fall if € was
heated 1° above the surrounding air. By Newton’s law of cool-
ing, which will be sufficiently exact in the present case, the rate at
any temperature will be proportional to that temperature. Hence

7
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if we draw tangents to the curve representing the cooling of C'
at two or three points, then determine how much the loss is per
minute at these points, and divide this loss by the ordinate, or
excess of temperature of the point, we obtain values of the re-
quired rate of cooling for an excess of 1°. A more accurate
method of determining this quantity is the following. As shown

Gl . . 7
on page 89, the rate of cooling is (7:"% = ay — at, in which a is

the quantity we wish now to determine, and integrating, ax =
Mlog (y — t). Accordingly, if we construct a curve with ab-
scissas, as before, equal to the times, and ordinates to the loga-
rithms of the excesses of temperature over that of the air, we
obtain a straight line, and the tangent of the angle it makes
with the axis of Y multiplied by A gives a, the required rate
of cooling. See if similar results are found by both methods.

The loss by cooling during any short time, di, will evidently
equal a(y — t)dx, since it is proportional to the rate of cooling,
the excess of temperature, and the time. Hence the total loss
while the water is being heated will be proportional to the total
area included between the curve and the line y=1¢. This is com-
monly found with sufficient accuracy by multiplying the total
time of heating by the average of the initial, and final tempera-
tures. Multiplying this product by @, and adding the result to the
final temperature gives the temperature which would have been
attained had there been no loss. To make this correction as small
as possible, it is well to begin with water in C as cold as possible,
so that the gain of heat by radiation from the outer air may in
part compensate for the loss, as ¢’ becomes heated.

To determine the latent heat from the quantities thus obtained,
let 7" equal the temperature of the steam, ¢ and ¢ the initial and
final temperatures of the water after correcting for loss by radia-
tion, 1, w" and »”, the weights of €' when empty, after the water
is added, and at the end of the experiment, so that w’ — 2 will
equal the weight of water in €] and w” — w' the weight of steam
passed from 4 to C. Then the heat given out by the steam will
consist of two parts, that due to its latent heat in converting it
into water, and to its sensible heat given out as the water so pro-
duced cools from 7' to ¢, or (w” — w)[L 4+ T — ¢] The heat
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received by the water equals the water equivalent of (), and its
contents, or (w’ — w) - sw, calling s the specific heat of C, or .2,
multiplied by the increase of temperature, # — 7. Equating these
two quantities (0w’ —w)[L+ 7'—¢] = (1’ — w + sw)(¥ — ?),
(' — w+ sw) (¢ — ¢)

7 7
w' —

and solving with regard to Z gives L = =

— T4

141. Carrf MacHINE.

Apparatus. A Carré ice machine, such as is represented in Fig.
96, in which 4B is an iron boiler containing ammonia and water,
and connected with a double cylindrical vessel, €, by an iron tube.
In the upper part of 4 a tube is inserted, in which a thermome-
ter is placed, and surrounded by oil so as to take the temperature
of the tube. A cylindrical tin vessel is inserted in €, and contains
the water to be frozen. A little alcohol is poured around it to
prevent its adhering to €. A must be heated in a small furnace,

and an abundance of cold water is needed to carry off the heat
from C.

Eixperiment. Set the Carré machine on end for five or ten min-
utes, so that (' shall be uppermost, and all the liquid in it driven
into 4. This is very essential to the success of the operation. Then
place 4 on the furnace, and C in a tub of
water at as low a temperature as is readily
attained. The tin vessel is of course taken
out, and C is placed entirely under the wa-
ter. A moderate and constant heat is now
applied, first pouring a little oil into the
tube in the upper part of 4, and inserting
the thermometer. The temperature will
gradually rise, the ammonia separate from
the water and distil over into C, where it
will condense in the liquid form. Its latent
heat will thus be given up to the surrounding water, which must
therefore be constantly changed, or it will soon become warm.
The thermometer should be watched, as it gradually rises, until it
attains 130° C., when the heat should be withdrawn and 4 al-
lowed to cool. This concludes the first part of the operation, the
ammonia being converted into a liquid form, and its latent heat
carried off by the water. Now turn the Carré machine around,

Fig. 96.
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so that A shall be in the water instead of C; taking care not to
cool A4 too suddenly. Fill the tin vessel with the water, or other
substance to be frozen, close the hole in the bottom of €' with a
cork, insert the tin vessel and pour a little alcohol or brandy
around it to prevent its freezing to C. Wrap a woollen cloth
around C to protect it from the air, and renew the water around
A as it grows warm. The liquid ammonia will now evaporate
rapidly, pass over into 4, and be absorbed by the water; the only
source from which it can obtain the heat needed to vaporize it will
be € and the water, which will consequently soon begin to freeze.
The heat given up by the absorption in 4 will be carried off by
the surrounding water, which must therefore be changed to keep
it cool. After some time the water in the tin will be found to be
completely frozen, and may then be extracted by simply dipping
the tin in water.

142. FrerziNG MIXTURES.

Apparatus. Some snow or ice, salt, nitrate of ammonia, sul-
phate of soda and chlorhydric acid, a beaker surrounded with
wool or other non-conductor, and a thermometer.

Experiment. A great variety of freezing mixtures have been
employed, all dependent on the formation of a liquid from the
mixture of a solid and liquid, or of two solids, where the heat
required to effect the change, being withdrawn from the substances
themselves, lowers their temperature. In each of the following
ccases, measure the temperature of the substances employed before
and after mixture. The most common freezing mixture is formed
by adding one part of common salt to two of snow or pounded
ice, when the temperature will fall nearly 20° C. The cold thus
produced was supposed by Fahrenheit to be the absolute zero of
temperature, and was hence selected by him as the starting point
of the thermometer which bears his name. Mix equal parts of
water and nitrate of ammonia, when the temperature will fall 26°;
again, to five parts of chlorhydric acid add eight parts of sul-
phate of soda, when the temperature will fall 27°, By distillation
the salt may be recovered in each of these cases.

Far lower temperatures than these may be obtained by the
vaporization of liquified gases, as in Experiment 141, but the ap-
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paratus required is generally not adapted to daily laboratory work.
Liquid carbonic acid and protoxide of nitrogen are most com-
monly employed, and act both by their latent heat and by the
heat absorbed on the enormous increase of volume when the gas
is allowed to expand into the open air. If liquid carbonic acid is
allowed to evaporate, the temperature will fall to —70° C., and a
portion of the remainder will be frozen. If a jet of carbonic acid
under high pressure is allowed to escape, a temperature of —93°
may be attained. A portion of the gas is, in this case, frozen into
flakes, like snow. Mixing some of this snow with liquid protoxide
of nitrogen and ether, so as to form a paste, and placing the whole
under the receiver of an air-pump, so as to accelerate the evapo-
ration, gives a temperature of —110° C,, the lowest yet obtained.

143. PYROMETERS.

Apparatus. The various pyrometers described below, including
a mercury thermometer, graduated to 360° C., and an air thermom-
eter formed of a glass, or better, a porcelain, bulb, filled with dry
air, and connected by a fine tube with a gauge containing mer-
cury. A Wedgewood pyrometer and some elay cylinders, a piece
of platinum, or of iron, if platinum is too expensive. A thermo-
electric pile, formed of two wires of platinum and iridium welded
together at the ends, and connected with a delicate galvanometer,
also a Siemens’ resistance pyrometer, consisting of a coil of fine
platinum wire, forming one side of a Wheatstone’s bridge.  As
sources of heat we may use boiling water, oil, sulphur, cadmium
or zinc, baths of various alloys at their melting points, and for
higher temperatures any form of furnace or gas-lame.

Ezperiment. The following are the more common methods of
measuring very high temperatures. Try each in turn with those
temperatures to which it is applicable, and compare the results.
Measure the temperatures of the water, oil and alloys, with the
thermometer, taking care that it is not heated above 360°. Do
the same with the air-thermometer, immersing the bulb in the
bath to be tested, and reading the difference in level of the mer-
cury in the gauge. Read also the height of the barometer, and
adding it to the level of the mercury in ¢he outer arm of the
gauge, the difference will give the true pressure of the enclosed
air. This pressure will then be proportional to the absolute tem-
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perature, or temperature above —273° C. Calling P tl}e pres-
sure, and P, the pressure at 0°, we may write 2 = Py(1 + at), in
which ¢ is the temperature, and a equals 5} the coefficient of ex-
pansion of gas. A correction may be applied for the increased
volume, as the mercury is driven down in the gauge, but this may
be neglected if the tube is small and the bulb large. If a glass
bulb is used, temperatures .up to 800° or nearly the softening
point of glass, and with a porcelain bulb, much higher tempera-
tures may be measured.

Wedgewood’s pyrometer depends on the principle that dried
clay contracts when exposed to heat, by an amount nearly propor-
tional to the temperature. A number of short clay eylinders are
accordingly made of precisely the same diameter, and this diame-
ter is measured by placing them in a wedge-shaped cavity with
graduated sides, formed of two graduated metallic rods slightly
inclined to one another. The distance to which the clay may
be inserted will mark, on an enlarged scale, its diameter. Ex-
pose a cylinder to the temperature to be measured, and after
cooling insert it in the wedge-shaped cavity. The distance to
which the cylinder will enter shows the temperature. The scale
must be reduced to degrees empirically, and will vary with the
kind of clay. It is found that on a long exposure to high temper-
ature the clay continues to contract, and thus very accurate read-
ings cannot be obtained with this pyrometer.

Another method of measuring temperatures is dependent on the
specific heat of platinum. A piece of this metal is exposed to the
temperature to be measured, and then dropped instantly into a
calorimeter, as if measuring its specific heat, Experiment 138.
The same formula is employed, except that instead of knowing
the upper temperature and determining the specific heat, we now
have the latter given as equal to .082, and therefore 7 =

¢ _0;?2((1:,, ;—ww:;- ) —+¢. If iron is used,.114 must be taken
for the specific heat. The great difficulty with this method is the
loss of heat in transferring the metal to the calorimeter, and also
that a portion of the water is converted into vapor, causing a
large loss, due to the latent heat absorbed by the steam.

The thermo-pile affords an easy means of measuring high tem-
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peratures. It is only necessary to connect its terminals with the
galvanometer and expose its junction to the temperature to be
measured, which will be nearly proportional to the deflection of
the galvanometer needle. It is better to immerse the other termi-
nal of the thermo-pile in cold water, when the electromotive force,
and consequently the current and the deflection, will be propor-
tional to the difference in temperature.

Siemens’ resistance pyrometer depends on the change in electri-
cal resistance in a platinum wire when exposed to changes of tem-
perature. It is merely necessary to make the coil one side of a
Wheatstone’s bridge, or connect it with one coil of a differential
galvanometer, and measure its resistance when exposed to changes
of temperature. It may also be used to measure ordinary tem-
peratures of inaccessible places, as in deep sea-soundings, by inter-
posing as the second arm of the bridge a similar coil immersed in
water, which may be warmed or cooled at will. The temperature
is altered until no current passes through the galvanometer, when
the temperature will equal that of the other coil, and may be
measured directly with a thermometer. When the point whose
temperature is to be determined is very distant, the unknown
temperature of the connecting wires is likely to introduce a large
error. This may be avoided by inserting in the circuit of the
other arn of the bridge a second wire running side by side with
that connected with the platinum. The temperature is thus al-
ways the same for both, and the error thereby compensated.

144. Heat oF CoMBUSTION.

Apparatus. A Dulong calorimeter, which consists of a vessel
in which the combustion takes place, with four outlets. One is
connected with a long spiral tube, like the worm of a still, through
which the products of combustion are drawn; a second aperture
serves to admit the substance to be burned, a third admits the air
or oxygen, and the fourth, closed by a plate of glass, enables the
observer to watch the combustion and see that it is complete.
The whole is contained in a larger vessel containing water, whose
temperature is rendered uniform by a stirrer, and is measured by a
thermowmeter. A second thermometer serves to measure the tem-
perature of the escaping gases. The latter should pass through
a meter into an aspirator, and if the substance to be dested is 2
gas, a second meter should be inserted to measure its volume.
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Eaperiment. Measure the temperature of the air of the room,
of the water of the calorimeter, and the height of the barometer.
Light the gas burner, place it inside, and regulate the flow from
the aspirator, so that the combustion shall be complete. Read the
temperature at regular intervals, keeping the water well stirred.
Extinguish the light and letting the calorimeter cool, determine
the correction for loss by radiation precisely as in Experiment 140.
(Call w the weight of gas burnt, 20’ the weight of air used to con-
sume it, T the water equivalent of the calorimeter and contents,
H the required heat of combustion, ¢ the corrected increase of
temperature, and # the excess of temperature of the escaping
gases above the air of the room. Then wl = Wt 4 (w 4 w')t.
The weights of the gases are determined fiom their volumes and
specific gravities, correcting for temperatures and pressures. If a
solid or liquid combustible is employed it must be weighed directly.

145. ErricieExcy oF Gas BURNERs.

Apparatus. A Bunsen burner, whose consumption is measured
to thousandths of a foot by a meter, or an alcohol lamp which
may be weighed while burning, a tin vessel containing water to be
heated, a thermometer and a balance and weights.

Eaxperiment. Weigh the tin vessel empty, and when partly
filled with water, and observe the temperature of the room and
of the water. Light the gas, and take a series of readings of the
temperature of the water at the beginning of every minute, and
thirty seconds later of the meter, as described in Vol. I, Experi-
ment 57. When the water begins to boil weigh again, then let it
boil for ten minutes and make a final weighing. The average of
each two consecutive readings of the meter may be taken as its
true reading at the beginning of the minute. Construct a curve
with these readings as abscissas, and temperatures as ordinates.
The tangent of the angle this curve makes with the axis of X
gives the increase of temperature per cubic foot consumption of
gas. DMultiplying the number of degrees thus obtained by the
water equivalent in kilogrammes of the tin vessel and contents,
gives the number of units of heat evolved per cubic foot of gas
burned. This same quantity divided by the consumption per
minute, will give the number of units of heat per minute with the
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particular burner employed. From the loss of weight of the wa-
ter during boiling, the heat received may also be .determined, call-
ing the latent heat of vaporization 537. This method is much less
delicate than the other, unless the source of heat is very powerful.
Compare the effect of placing the tin vessel at different distances
from the lamp, and also of using a luminous, instead of a non-
luminous flame. Comparing the results with those obtained in
Experiment 144, we sée how small a portion of the whole heat of
the flame is utilized.

146. MecuaNicar Equivarext or HEat.

Apparatus. In Fig. 97, A, B, are two hollow iron cones, of
which the outer and lower one may be kept revolving with a
constant velocity by a belt passing over a pulley C. Any small
motor, as a steam or electric engine, clockwork, or even a crank,
may be used to maintain this motion, which should be as uniform
as possible. The upper cone is filled with mercury, and contains a
thermometer to measure its temperatare; a light arm, ED, is at-
tached above, to whose ends cords are fastened over pulleys, and
equal weights are hung at the ends to tend to twrn it in the
opposite direction from that in which € is turning. Stops should
be placed on each side of ZD to prevent its turning too far.

Experiment. Start the motor so that () and with it the lower
cone B, shall revolve at a uniform rate, and see what loads must
be attached to the pulleys to hold the beam in equilibrium, It is
well to use somewhat too small a load, and check the motor with
the finger, so as to keep the beam bal-
anced between its two stops. Every-
thing being in readiness, read the
temperature - of the mercury by the
thermometer F, start the motor, keep
the beam between the two stops, and
observe the speed. This may be done
by a shaft-speeder, or better, by the ar-
rangement described in Experiment 158. The work required to
overcome the friction between 4 and B will now be converted
into heat, and the thermometer will accordingly rise steadily.
Read the temperature every minute for five or ten minutes, and
then determine the correction for radiation by stopping the motor

Fig. 97.



106 TWO SPECIFIC HEATS OF GASES.

and taking readings as the cones cool. Determine the increase in
temperature, ¢, correcting for radiation, as in Experiment 140.
The water equivalent of the two cones will equal their weight
multiplied by .114, the specific heat of the iron, and to this must
be added the weight of mercury multiplied by .033, its specific
heat, or w’s’ + w”s”; multiplying this quantity by ¢ gives the
amount of heat generated. To determine the amount of work
expended, call W the weight on the strings over each pulley, 2/ the
length of ED, or perpendicular distance between the two horizon-
tal strings, and 7z the number of turns per minute of the pulley C.
Then the work done will be the same as if a force W on each end
of ED, or 2 W on one end, turned it round » times, or traversed
a distance of 2zln. The work done is accordingly 4zln W. If
then M/ is the mechanical equivalent of heat, or work which may
be done by one unit of heat, we must have M(w's’ + w”s”)t =
4zin W, or M = (w’jﬁbgs") 7 in which care must be taken to
use as units the kilogramme and metre. This experiment should
be repeated several times, and also varied by placing a load on the
inner cone, 4, thereby increasing the friction, and consequently
the rate of heating,

147. Two Speciric HEATS oF GASES.

Apparatus. In Fig. 98, 4 is a large flask closed by a cork,
through which pass a tube with a large stopcock, B3, and a bent
tube forming a gange, C1). A large rubber tube may be attached
to B so as to partially exhaust the air.

Eaxperiment. The theoretical determination of the mechanical
equivalent of heat and of the velocity of sound in gases, depends
on the accurate determination of the ratio of the specific heat
of gases under constant pressure to that under constant volume.
Evidently the former quantity must be the greatest, since when
a gas is heated under constant pressure, besides warming the
gas, a certain amount of energy must be expended in over-
coming the pressure, so as to allow the expansion to take place.
The ratio of these specific heats is best determined by the appa-
ratus of Clément and Désormes, represented in Fig. 98. Con-
nect the rubber tube with BB, open the stopcock and partialiy
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exhaust the air, either by the mouth or by an air pump, so that
the water shall rise nearly to the top of 0D. Close the stop-
cock and disconnect the rubber tube, when,
even if there is no leak, the liquid will slowly
descend, becanse the gas cooled by the rare-
faction gradually recovers the temperature of
the surrounding medinm. Wait until it comes
to rest, and read the exact level of the water.
Open the stopcock for just one second, close
it and take readings every five or ten sec-
onds, as the water rises in the gauge, until
it comes to rest. When the cock is open, air rushes in, heating
the enclosed air, so that when the cock is closed and the air has
time to give up its heat to the surrounding bodies, it is found that
the exhaustion is still about a third of what it was at first. To
determine this fraction with precision, or rather, what it would be
were there no loss by radiation while the stopcock was-open, con-
struct a curve with abscissas equal to the times, and ordinates to
the height of the water level in CD. This curve forms a nearly
horizontal line before the stopcock is opened, then is nearly vertical
until it reaches the axis, then a sinuous line, owing to the vibra-
tions of the air at the orifice, and finally a smooth curve after the
stopcock is closed. Only the first and last of these forms can be
observed. Prolong the curved portion until it meets the vertical
line, and repeat the experiment, if necessary, until the time during
which the stopeock is left open is such as to bring this point near
the surface of the water.

Call p’ the height of the water before the stopcock is opened,
and p” the height it finally attains, so that it first descends
through 2/, and then rises through p”. Then the ratio of the

specific heat under constant pressure, to that under constant
A

volume will equal 13,—27

To prove this formula, suppose a given mass of gas confined, so
that its volume cannot alter, and placed in a medium, whose
temperature is somewhat greater than its own. It will gradually
be heated, and an amount of energy which we may call 4 will
thereby be transferred from the medium to it. Its pressure also

Fig. 98.
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will be increased. Now suppose that it is allowed to expand, until
its pressure becomes the same as at first. The first effect would be
to cool it, but soon it will absorb enough heat from the surround-
ing medium to render the temperature the same as that of the
medium. Call B the additional amount of energy .thus absorbed.
Evidently the ratio of the specific heat under constant pressure,
to that under constant volume will be as 4 + B is to 4. Ifnow
we compress the gas to its original volume, the energy B will be
set free as heat, and will soon be lost by radiation to surrounding
objects, while the energy 4 will remain and may be recovered if
the gas is cooled down to its original temperature.

Now in the experiment just performed, when the gas is
compressed by an amount which may be represented by p’, cor-
responding t0 4 - D, the quantity of heat set free will be repre-
sented by p” corresponding to B, or since for these small changes,
the energy may be taken as proportional to the change in pressure,
we shall have 44 B: B=p :p”. This may also be written

A:B=p—p":p"or A4 B: A =p :p — p", hence the ratio
+ B v ‘

of the two specific heats, = 7 R 7 —p"




MECHANICAL ENGINEERING.

The number of experiments a Mechanical Engineer is called
upon to perform, is generally small, but their importance ecan
scarcely be overestimated, as no other branch of Physies has so
great a value, both as a saving of money, and as a protection to life
and limb. The following Experiments require little apparatus be- .
yond that usually accompanying a furnace, a boiler and engine, and
a dynamometer. The large original cost of the engine is, in part,
compensated by its value in a technical school or college as a
source of power, on which account alone it is considered a neces-
sity in many such institutions. A knowledge of piping, or carry-
ing steam in pipes, and of running a boiler or engine, is so requisite
to the following work, that a speeial description of them is pre-
fixed. The proper method of taking care of a boiler or engine
can, however, be learned only by experience, and no one should
be entrusted with either, for the first time, except in the presence
of an experienced engineer. The instructions given below must
therefore be regarded merely as aids to the pupil, and to simplify
the work of the instructor.

Piping. To understand the proper method of conveying steam
from one point to another, a short description is here given of
piping, and applies, with slight changes, to the conveyance of
any other fluid, as air, gas or water. Pipes from 15 to 20°f. in
length are used, and of diameters reckoned in eighths of an inch,
ash 3541, 14, 13, 2, 23, and 3 inches. The intermediate
sizes are not in use. These distances denote interior diameters,
but they are really too small, the actual diameter of a'} pipe
being .28 in, of a } pipe .62 in, and of a 1 inch pipe 1.05ins. To
connect two pipes of the same size, a serew thread is cut on the
end of each with a die, and a coupling, or short piece of larger and
thicker pipe with a thread inside of it, is screwed on one, first
interposing a little red lead. The other pipe in then screwed into

(109)
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it until a tight joint is obtained. The red lead serves to lubricate
the joint, and at the same time renders it tighter; without the red
lead the pipes could be turned only with great difficulty, and it
would be almost impossible to take them apart. A rusted joint is
made by wetting the ends and serewing them together, when the
iron rusts, and it becomes almost impossible to separate them.
When a screw thread is cut on the outside of a pipe it is called
an outside or male screw; when cut in the interior, an inside or
female screw. A die cuts a male, a tap a female serew. The lat-
ter are never cut on common steam pipes as they weaken them
too much, and render them liable to split.

If the pipes are not of the same size, reducing couplings are
used, or thick tubes with inside screws of different sizes cut in the
two ends. If the difference in size is very great, a bushing must
be inserted in'the smaller end of the coupling. This consists of a
short tube with an outside thread to fit into the coupling, and an
inside thread to fit on to the pipe. If two couplings have to be
connected, nipples are used, or short pipes with outside threads on
both ends. To close a pipe a cap is employed, made like a coup-
ling, except that it is closed at one end. A coupling may, in the
same way, be closed by a plug, a piece of iron with an outside
screw on one end, and cast square at the other, for convenience
of turning it with a wrench. When two pipes are already laid,
they cannot be connected as described above, since one must be
turned around in order to screw it into the coupling. What is
called a right and left is then used; that is, a coupling with a
right handed screw cut in one end, and a left handed serew in the
other. Right and left handed serews are cut on the pipes, and the
coupling turned into place without disturbing them. Of course,
if there is a space between the two pipes, an additional pipe and
coupling must be inserted. Rights and lefts when larger than }
inch are marked by a number of ridges on the outside, so that
they may be recognized at a glance. Two pipes are connected at
right angles by an elbow, or L, which looks like a coupling bent at
right angles. If the pipes are to be inclined at any other angle,
an L must be serewed on the end of each, and the two Ls con-
nected by a nipple. In this case, the two pipes will not lie in the
same plane, one being above the other.
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"When a branch is to be inserted in a pipe, a 7'is employed.
This resembles a eoupling with a short pipe on one side with an
inside screw, forming, in fact, a combination of an Z and coupling.
The three ends may be either of the same, or of different sizes.
For convenience of fastening pipes to woodwork, Ls and 7s are
sometimes made with projections cast on the side, with holes
through which serews may be passed; such fittings are called drop
Ls, and drop Ts. Larger pipes are held in place, when neces-
sary, by clips, or pieces of sheet metal bent around the pipe, and
fastened down by screws. To insert two branches into a pipe at
the same point, or to make a pipe divide into three,a cross is used,
which is a 7" with two branches instead of one, thatis, a short
pipe on each side.

The above are the most common fittings, and with them almost
all connections can be made; it will be noticed that couplings,
caps, Ls, T's, and crosses have only inside screws, pipes, plugs and
nipples only outside, and bushings both. Evidently the inside
and outside screws must always come alternately. Where there
is any probability that additional connections will have to be
made, it is best to put in 7% frequently, instead of couplings and
Ls, plugging the extra holes. The additional expense is small,
while the saving effected may be very great. In long pipes it is
also often better to insert plugged 7s at short intervals, or rights
and lefts. If this is not done, and a branch must be inserted,
it is either necessary to take the fittings all to pieces at one end,
so that the pipe will turn round, or else to cut the pipe in two, re-
move a piece, and insert a 7} making the last joint by a right and
left. If a right and left has been already inserted, it may be dis-
connected at once at this point, while if a plugged 7" had been
used, it would only be necessary to remove the plug and screw
the pipe in, in its place. If the pipe is used for gas, it is not even
necessary, in this case, to shut the latter off.

To avoid turning the pipe, unions are sometimes used. In
these, two planed surfaces are screwed on to the pipes to be
Jjoined, a washer interposed and then brought together by an out-
side serew cut on one end, and a loose nut fitting over the other.
Screwing the nut in place fastens the pipes together, and they are
easily separated or turned at any time.
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To cut off communication through a pipe, either wholly or in
part, a cock or valve is used. The former, of which we have
examples in common gas and water fixtures, consists of a plug
passing through the pipe at right angles, and with a hole through
it, which may be turned either in the direction of the pipe or
across it. If the pipe is large or the pressure great, valves are
much better. They consist of cast iron boxes, in which a screw
turned by a small wheel forces a conical plug against a partition
in the box so as to close a hole bored in it, thus cutting off com-
munication between the upper and lower parts, which open on op-
posite sides of the valve. The valve is connected with the pipes
by two female screws, like a coupling. Other forms of valves are
sometimes used, as for instance, one in which a screw forces a
diaphragm at right angles to the pipe. This valve has the ad-
vantage, when open, of opposing much less resistance to the flow
of the fluid, but it is much more liable to leak.

The tools used for piping are few in number. To divide a
pipe at any required point, it is held in a’stout vice, and cut by
turning around it a cutter in which a sharp edged steel wheel is
forced by a screw against the pipe. Care must be taken to turn
the screw gradually, or the pipe will be flattened or bent, and to
hold it at right angles to the axis, or a screw-like cut will be made.
Outside screw-threads are cut on pipes by a die turned in the
usual way, by two long handles. Inside screws are never cut on
pipes, and connections always come with the screws cut. To
screw the parts together, pipe-tongs are used, made somewhat like
pliers, only so arranged that they wedge on the pipe, holding
tighter the harder they are turned. For unscrewing they must be
turned over. For different sized pipes different tongs must be
used, or they are sometimes made adjustable with a screw to fit
any size. To turn the ZLs, 7%, plugs, etc, a monkey-wrench is
most convenient.

Steam Boilers. Boilers are made in a great variety of forms,
but are generally of sheet iron or boiler plate, held together with
rivets. The tubular form is the most common, in which the hot
air and gases from the fire are carried in tubes through the centre
of the boiler. Being thus completely surrounded with water, the
heat is rapidly transmitted to it, producing steam quickly and
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preventing much of the heat from escaping with the products of
combustion. Cast iron i3 sometimes employed, the earliest and
best known form being the Harrison boiler, which consists of a
series of cast iron spheres like bomb-shells. This is one of the
safest forms of boilers, but is heavy and sometimes gives trouble
from collecting scale, as described below.

A pipe is connected with the upper part of the boiler to carry
off the steam as it is generated, and the space not filled with
water, called the steam space, should be considerable, otherwise
when the water is boiling violently, it will be carried off with the
steam, which is called foaming or priming. Sometimes a projec-
tion, called a steam dome, is made in the boiler to avoid this diffi-
culty. The water is admitted by a second pipe, which may be
connected directly with the hydrant if the pressure is sufficient,
or with a force pump driven by hand or by an engine. To show
the height of the water in the boiler, one or more vertical glass
tubes or water gauges are connected below with the water, and
above with the steam in the boiler. Great care must be taken
when cleaning them, which should be done only when necessary,
and then by pushing a cloth through them with a stick, as metal
is liable to produce a seratch which will eventually canse the tube
to break. Three or four outlets closed by valves are commonly
placed at different heights in the side of the boiler, and the height
of the water determined by opening them in turn. Steam will
come from those above, and water from those below the water
line. Unfortunately, owing to the foaming of the boiler, it is
sometimes very difficult to determine the true amount of water in
the boiler when steam is made very rapidly, as the water in the
glass gauge will be in constant motion, and both water and steam
will come from all the valves. To measure the pressure in the
boiler a gange is connected with it by a pipe, showing the pres-
sure in pounds by the motion of an index. To obtain the real
pressure, 15 pounds must be added for the pressure of the atmo-
sphere. To empty the boiler another pipe enters near the bottom
through which the water may be drawn out. A large hole, called
a manhole, is also commonly made in the top, so that a man can
get inside for repairs or other purposes. Every boiler should also
be provided with a safety valve, or a hole closed by a plate pressed

8
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against it by a weight, such that if the pressure is too great it is
lifted and the steam escapes.

Every boiler, after it is set, should be tested by what is called
the cold water test, to see that it is strong enough, and that it
does not leak. For this purpose it is completely filled with water
and connected with a small force pump worked by hand. Work-
ing the pump gradually, the gauge at once rises and should be
carried considerably above the pressure at which it is to be used.
Communication being then cut off between the pump and boiler
by a valve, if there is no leak the index should remain unchanged.
With small boilers the plan has been tried of inserting a metallic
plate inside the boiler, and connecting it with the positive pole of
a powerful galvanic battery by an insulated wire. Connecting the
other pole with the boiler, decomposition of the water will take
place, and the gases thus set free will produce the required pres-
sure. The conductibility of the water should be increased by
adding a little salt. :

In running the boiler, care should be taken that the water does
not get too low. Of course the fire must never be made when
the boiler is empty, or it would soon destroy it. After the boiler
has been used for some time much trouble is often experienced
from a stony sediment or coatingeof the interior of the boiler,
called scale. The non-volatile salts remaining in the water as it is
boiled away, collect, often in large quantities, especially when the
water contains much lime. This prevents the heat from being
transmitted freely to the water, and hence the iron is overheated
and soon burnt out. To avoid this difficulty, the same water
should be used over and over again if possible, as with a condens-
ing engine, or in buildings heated with steam. Sometimes, also,
the water should be partly blown out from the lower aperture by
the steam pressure. The mechanical disturbance thus carries off
much of the scale. Various other remedies are recommended,
but if the scale still collects, a man should occasionally be sent
inside to chip it off with a hammer and cold chisel.

The management of the fire is much the same as that of a
common house furnace. There are two doors, one above through
which the coal is thrown, and one below, for removing the ashes.
In each door is a slide by which a small aperture may be closed to
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a greater or less extent, as desired. When the lower door is open,
the draft in the chimney draws air through it and through the
coal, producing an intense combustion. When the upper door is
open the cold air is drawn above the coal, cooling it and deaden-
ing the fire, The draft in the chimney may be regulated either
by dampers which elose it to a greater or less extent, or by a slide
which admits cold air, cooling it and’thus lessening the draft.
There are therefore three ways of increasing the heat; closing the
upper door, opening the lower door, and opening the damper, or
closing the slide which admits cold air into the chimney. When
the fire is low, and fresh coal has been put on, or when starting
the fire, the upper door should be closed and the lower opened,
but when under way it can generally be completely regulated by
the slides. No definite rules can be given, as every thing depends
on the particular conditions in each case, as draft, kind of fuel, size
of furnace, heat required, etc. On leaving the furnace for the
night, or when not wanted for some time, the slide in the upper
door should be opened, the lower one nearly or quite closed, and
the draft lessened.

‘When the pressure of steam is just equal to that due to its tem-
perature, as is the case when it is in contact with the water of the
boiler, it is said to be saturated, and it will begin to condense at
once if cooled, or if the pressure is at all increased. If heated
above this point it is said to be superheated. If much water is
carried over in drops with the steam, the latter is said to be wet,
while if no water is present, it is called dry steam. Dry, super-
heated steam is easily recognized by its bluish color, and the
hand may be held in a jet of it with impunity.

Steam Engine. The most essential part of an engine is a
cylindrical iron box ecalled the cylinder,in which is a movable
partition called the piston. Steam is admitted on one side of this,
driving it to the other end, and then on the other side driving it
back. This rectilinear motion is converted into a circular motion
by means of a crank, and is rendered nearly uniform by a heavy
cast iron wheel, called a fly-wheel. The steam is directed by
means of a slide valvé, so that it shall be admitted first on one
side and then on the other of the piston, which is done automati-
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cally by moving the valve by an eccentric on the axis of the fly-
wheel.

To start the engine, it is merely necessary to turn on steam,
when the engine will begin to move, unless the piston is at the
dead point, that is, at the end of its stroke. In this case, the fly-
‘wheel must be turned slightly, by hand, when the steam will
carry it round. If the steam is turned on at once, it will rush
into the cold cylinder, and condense, forming water, which being
almost incompressible, and coming between the piston and the
end of the cylinder, is likely to break off the cylinder-head. Aec-
cordingly an outlet is made in the cylinder which should always
be opened before the steam is admitted, and closed when the
engine has run for some time, and ‘the cylinder heated so that
the condensation is slight. To prevent the engine from going too
fast, when it is doing no work but overcoming the friction of its
parts, a governor is attached, which commonly consists of two
balls turned by the flywheel, forming a conical pendulum, and
which if the speed becomes too great, iy apart and cut off the
steam. The pipe by which the steam is admitted into the eylin-
der is called the supply pipe, that by which it passes off, the
exhaust. A great deal of power is lost in driving the piston back
against the steam on the other side and forcing it through the
exhaust. To diminish this loss, the exhaust is sometimes con-
nected with a condenser, or cold space, by which the steam is
reduced to water, and its pressure greatly diminished. This form
of engine is called a condensing engine, but is not much used, on
account of the expense and bulk of the condenser, except to avoid
using salt-water at sea. Again, there is a great loss, since the
steam is admitted at high pressure, and when the exhaust is
opened, allowed to expand until its pressure is no greater then
‘that of the atmosphere, without doing any useful work. A part
‘of this loss is prevented by a cut-off, by which the steam is ad-
mitted into the cylinder until the piston has performed part only
of its work, communication with the boiler is then interrupted and
the piston is forced on by the expansion of the steam. The cut-
off is accomplished in various ways, but generally by giving a
proper motion to the slide-valve.
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148. EFFICIENCY OF BOILERs.

Apparatus. The furnace and boiler, a large graduated vessel
to measure the water, and a platform balance to weigh the coal.

FExperiment. The most important experiment that a mechani-
cal engineer is called upon to perform, is to determine how much
coal is required to evaporate a pound of water in a given boiler.
Its pecuniary value often represents many thousands of dollars,
and therefore too great care cannot be taken with it. The trial
should last at least twelve hours, and better thirty-six, or even a
longer time. A large number of students may participate in the
trial, and watching by turns, render the work less laborious. Tt is
best to combine this experiment with Nos. 153 and 154, as there
will be ample time for all without interfering. *

Different results are obtained with different pressures, and
changes in the intensity of the fire. Accordingly, both must be
kept as nearly constant as possible. The best effect is generally
attained with a moderate fire, and less if the combustion is very
rapid or very slow. The coal is weighed directly by shovelling it
on to the platformn scale, and thence into the furnace. To meas-
ure the amount of ‘water converted into steam, is more difficult. It
is best done by a condenser, as in a condensing engine. A tem-
porary substitute is a steam coil, such as is used for heating build-
ings, immersed in water, and collecting the water as it condenses.
Approximate results may be obtained by measuring the water
admitted, but it is then essential that the water level shall be the
same at the beginning and end of the measurement, a condition
not easily attained. The amouut of water admitted may be
measured by a water meter, by counting the number of strokes of
the force pump, or by connecting a strong, iron vessel with the
boiler, by two pipes which may be closed by valves. A third pipe
and valve serves to admit the water. The latter valve is then
closed, and the other two opened when the steam displaces the
water, and lets it run into the boiler.

The day before the experiment is to be performed the boiler
should be filled until the water stands exactly at a height marked
on the glass gauge tube, and the amount measured. The fuel
shonld also be weighed and put in the furnace ready to be kin-
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dled. Early the following morning the fire is lighted, the time
noted, and if a therometer is in the boiler, its rise in tempera-
ture per minute observed. The gradual rise in the pressure of the
steam should also be recorded. When the desired pressure is
reached, the steam is allowed to escape, and this pressure main-
tained. A careful record is then kept of the amount of coal and
water used, and the time at which each is added. The level of
the water in the boiler should be kept nearly constant, though,
owing to the foaming, this cannot be done with any acecu-
racy, when steam is generated very rapidly. The real commence-
ment of the experiment is when the steam begins to escape, and
at the end of the time everything should be brought as far as
possible into the same condition as at the beginning, that is, the
. fire about equally intense, and the water level and steam pressure
the same. Then draw the fire, measure the amount of steam
. generated, and the lowering of temperature as the water cools.
If the water entering the boiler is measured it is better on draw-
ing the fire to shut off steam, if this can be done without unduly
increasing the pressure, and measuring the amount of water which
must be added, or withdrawn, to bring the level to the same
height as at first.

The observations made before the steam was allowed to escape
from the boiler, serve to show how much time is required to fire
up, and the amount of fuel used. The amount of fuel wasted in
heating the furnace, boiler and chimney, and escaping up the lat-
ter, is then easily caleulated, as follows. Let W be the weight of
coal burnt, and % its heat of combustion, then W2 will be the total
amount of heat generated, if the combustion is complete. Again,
let w be the weight of water in the boiler, and ¢ the difference in
temperature of the water when admitted to the boiler and that
due to the pressure at which the steam is blown off. Then ¢ is the
amount of heat employed usefully in heating the water, and the
remainder, or WA — 1wt, the amount lost. The most important
observations, however, are those taken while the steam is passing
off, and hence often these only are taken, beginning and ending
the trial with a good fire of equal brightness at each time. The
weight of water evaporated during the whole trial divided by the
amount of coal burnt, gives directly the evaporation per pound of
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coal. It is very instructive to construct curves showing the rela-
tion of each two of the three quantities, time, weight of coal,
and weight of water. All should be approximately straight lines,
and the inclination of that showing the relation of the coal to the
water, gives the weight of water to the pound of coal. The theo-
retical amount, calling W’ the weight of the coal burnt,= W74,
and the amount usefully expended equals »’ (¢ 4 L), calling «»’
the amount of water evaporated and L its latent heat at the pres-
sure of the steam. If 7" is the temperature of the- steam,
L = 606. 4.3 7 from which Z is readily determined. The ratio

F(t-i——hL) equals the efti-
ciency of the boiler. For good coal, % will equal about 8000, or
the same as pure carbon, the presence of foreign matters being
compensated by the small amount of hydrogen, whose calorific
power is much greater. Accordingly the maximum amount of
water at 20° which could be evaporated, would be 828 = 11
pounds, while in actual practice, 5 to 7 pounds. are very high
results.

One of the principal difficulties to be apprehended in this exper-
iment is that some of the water will escape in the liquid form,
being carried over mechanically by the stream. This of course
greitly increases the apparent evaporation, while in reality it is a
serious defect in a boiler, throwing much water into the engine.
On this account a boiler which appears to give most excellent
results by this test, may be in fact, only one which foams very
badly. Great care should therefore be taken at intervals during
the test to let a little steam escape, and see that it is dry.

of the heat received to that expended or

149. Coverixg StEam Prees. I

Apparatus. A number of 1”7 steam pipes 0D, C'DY, Fig. 99,
about 8 or 10 ft. long, closed below by small stopcocks .0, IV,
called pet-cocks, and above by steam valves, C, (, are connected
with the boiler so that they shall be vertical. The best way is to
bring a pipe 4 horizontally from the boiler, and then vertically to
the required height B; on the end of this, put a 7"and hang the
pipes from the branches. Two pipes only.need be used at 2 time,
but it is in some respects better to use four. All should be
arranged symmetrically from the central pipe which should be
well covered to prevent loss by radiation. ~The vertical pipes
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are precisely alike, but are covered in various ways, one with plaster
or cement, a second with felt, a third with felt covered with tanvass
and painted, and the fourth left in its ordinary condition. %, X,
are two similar graduated vessels to collect the condensed water.

Experiment. When steam is conveyed through a long un-
covered steam pipe, the loss of heat by radiation and condensation
of the water is far greater then is ordinarily supposed. A great
saving may often be effected by covering the pipe with felt or
other material, and the object of the following experiment is
to determine the comparative efficiency of different coverings.

The fire during the experiment should be kept as nearly as pos-
sible the same so that the pressure may be unchanged, and the
steam in the boiler should be very dry. Every
thing being in readiness, open the pet-cock D
slightly, to let the water escape as it condenses,
and at the beginning of a minute open (' wide.
The steam rushing into the cold pipe will rapidly
condense so that a considerable amount of water
will be forced into the graduated vessel. Open the
pet-cock so as to allow the water to escape freely,

D but not so wide as to let out much steam. Read
%/ the volume of water collected at the end of every -
E E' nﬁnute, and construct a curve with abscissas eaual
to the times, and ordinates to the volume of water
condensed. Repeat the experiment with the other
pipes closing the valve of each when its test is complete. A series
of curves is thus obtained, and a comparision shows the relative
efficiency of the various coverings., These curves first rise rapidly
until the pipes are well heated, and then become nearly straight
lines, their inclination showing the relative eficiency.

From them it will be noticed that while the loss from an un-
covered pipe is the greatest, that it takes longer to heat up a
covered pipe, so that sometimes when the steam is required very
quickly, or for a very short time, the uncovered pipe may be the
most effective. To determine the actual condensation per foot of
length, a straight line must be drawn nearly coinciding with the
curve, and the increase of volume of the water per hour, noted.
Dividing this by the length of the pipe in feet, gives the rate of

n/

Fig. 99.
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condensation. From the latent heat, it is easy to reduce to actual
heat units. The experiment may be varied, not only by using
different coverings, but by varying the pressure of the steam, or
the temperature of the surrounding air.

If the pressure of the steam is liable to vary, a valve should be
inserted in 4 and a steam gauge connected with B. The reading
of the gauge is then kept constant by opening or closing the
valve.

150. Coverine StEam Prems. IL

Apparatus. A number of pieces of steam pipe of the same
diameter and length, closed at one end by caps, and at the other
with corks, through which thermometers pass. The pipes are
covered, as in the last Experiment, with various substances to be
tested, and are all placed side by side on the table but far enough
apart not to heat each other.

Experiment. TFill each tube with boiling water, insert the cork
and note the temperature every minute, as in Vol. I, Experiment
5. If four thermometers are to be observed, read one at the
beginning of each minute, a second, quarter of a minute later, the
third at the half minute, and the fourth at the three quarters, so
that they shall be read in turn, each one at intervals of precisely
one minute. Next, construct curves with ordinates equal to the
logarithms of the excess of temperature above the surrounding
air, and abscissas to the time. The relative inclination of the
various lines gives the comparative rate of cooling.

151. TesTiNG GAUGES.

Apparatus. The apparatus described in Vol. I, Experiment 55,
and represented in Fig. 44, is well adapted to this experiment. If
an open mercury gauge is not available, a 7" may be screwed on
to the outlet of a small force pump, the gange to be tested at-
tached to one branch, and a standard gauge to the other. The
best form of gauge for a standard, next to an open mercury column,
is a graduated glass tube closed at one end and containing air, the
lower part of the tube being filled with mercury. After calibrat-
ing the tube the graduation may be reduced to millimetres of
mercury by Mariotte’s law. Any good gauge may be employed as
a standard, if its errors are first determined by comparison with
one known to be correct. A still simpler method of comparing
‘two gauges is to connect both with the same steam-pipe, and com-
pare the readings under various pressures.
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Eaxperiment. By working the pump, any desired pressure may
be applied to the gauges, and they may thus be compared directly.
The readings with the mercury gauge may be reduced to pounds
to the inch, by the rule that 51.7 mms. of mercury produce a
pressure of one pound per inch, hence, the readings in millimetres
must be divided by this number to give the pressure in ponnds.
To obtain the total pressure, the height of the barometer should
be added, but it is generally sufficiently exact to add 15 lbs.
Care must be taken that the joints are tight, and that the pres-
sures when high, remain constant long enough to read the gauges
accurately. Metallic ganges often give erroncous readings when
exposed to sudden changes of pressure owing to their imperfect
elasticity, and a similar effect is observed with air-gauges, owing
to the change in temperature due to sudden condensation or rare-
faction. Time should therefore be allowed for the readings to
become constant.

Take a series of simultaneous readings, of both gauges, and
construet a curve with abscissas equal to the true reading and
ordinates to their difference, or the error. This curve may be
used directly to correct all readings taken with this gauge, and as
the error is likely to alter from time to time it is well occasionally
to repeat this experiment.

152. PrEssURE AND TEMPERATURE OF STEAM.

Apparatus. Besides the furnace, boiler, and pressure gauge the
only other apparatus needed is a thermometer which can be
placed inside the boiler. The best way to insert a thermometer in
the boiler, is to bore a hole in the side and cut a thread in it, then
screw in a tube from the inside, and close the inner end with a
cap. The thermometer is then placed in this tube, and soon attains
the interior temperature without being subjected to the pressure of
the steam. To ensure good contact, the tube should be filled with
mercury or oil. Other methods of determining the temperature
may also be employed, as an air thermometer, a thermo-electric
pyrometer, or a Siemens’ electric resistance thermometer.

Lxperiment. Start the fire, and as steam is formed, note the
corresponding temperatures and pressures. Construct a curve
with these quantities as cobrdinates, and compare it with the
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results found by Regnault, and given in the table of the pressure
of steam at various temperatures. >

153. InpicaTorR DiaGrawmsS.

Apparatus. The steam engine described above, and a steam
indicator.

Experiment. The steam indicator consists of a small cylinder
whose piston is held down by a spring like that of a spring bal-
ance, so that the height to which it rises at any instant, is propor-
tional to the pressure of the enclosed gas or steam. A hole is
bored in the cylinder head, and the indicator attached by a pipe
with a valve, so that when the valve is opened, the height to
which the piston rises, denotes the pressure at the instant, in the
cylinder. To record this pressure, a pencil, or metallic point, is
attached to the piston and moves over a cylinder on which is
streteched a piece of paper, so prepared that the passage of the
point will make a black mark. The eylinder is counected with
the piston of the engine, by a string and lever, so that it shall turn
by an amount proportional to the distance traversed by the piston.
A spring keeps the string tight and turns the eylinder back when
the piston returns. Kvidently as the piston moves, the pencil
will describe a curve whose abscissas show the position of the
piston, and ordinates the pressure throughout the stroke. To
draw the curve, or indicator diagram, attach the paper to the cylin-
der, and open the indicator valve without connecting the string
with the piston. The peneil will then simply rise and fall during
each stroke, drawing on the paper the axis of ¥. Now close the
valve and attach the string to the piston. The cylinder will then
turn forwards and backwards, and the pencil will describe the
axis of X. Now after seeing that the engine is running as uni-
formly as possible, open the valve, and the pencil will at once
describe a diagram, and repeat it again and again as long as the
engine continues to work uniformly. After drawing the curve
once, renew the paper and repeat; after a few trials a good curve
will be obtained. Record the time, pressure of steam in the
boiler, and number of revolutions per minute. To reduce the
result we must also have the interior diameter of the cylinder and
the length of stroke.
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The indicator is a most important instrament in studying the
steam engine, as almost all the defects or peculiarities of the lat-
ter are rendered visible by it. On this account it is necessary to
study the form of its diagrams a little more in detail. At the
beginning of the stroke the steam enters and the pressure rises
almost immediately to that in the boiler, forming a line nearly
vertical ; it then becomes horizontal till the end of the stroke,
when it quickly descends to the line of atmospheric pressure and
remains there during the return stroke. If there is a cut-off the
pressure begins to descend at the point of cutting off, at first
rapidly, and then more slowly, forming, by Mariotte’s law, a curve
nearly coinciding with a hyperbola. If a condeuser is used, the
line on the return stroke descends below the atmospheric line
approaching the true zero of pressure.

In practice these forms are never perfectly attained, and all the
corners of the diagram are rounded, instead of angular. Often,
especially at high speeds, the pressures seem to alternately in-
crease and diminish, an effect really due to the vibrations of the
spring. The area, however, is sensibly unchanged, and may be
found by drawing a line through the centre of the vibrations.

The work done by the steam during any short portion of its
stroke equals its length multiplied by the total pressure, or pres-
sure per square inch multiplied by the area of the piston. Ience,
it may be measured by the area included between the curve and
the axis of X, or line of no pressure. Since the pressure on the
back stroke is prejudical, the area between the lower part of the
curve, and the axis must be subtracted. Therefore the area en-
closed within the complete curve is a measure of the total work
done. To obtain this in foot-pounds, the area of the diagram
must be divided by the area of a rectangle whose height is one
pound, and whose length is one foot, on the scale to which the
diagram is drawn. Multiplying this quotient by the area of
the piston in inches, gives the total work done by the piston in
one stroke. To reduce this to horse-power, multiply by the nam-
ber of single strokes per miuute, and divide by 33,000. To ex-
press it mathematically, let  be the radius of the cylinder,  the
number of double strokes, which are more easily counted than
single strokes, A the area of the diagram in inches, d the distance
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on the diagram representing 1 pound, d’ that representing a mo-
tion of 1 inch of the piston. Then the work of each stroke in
foot-pounds, will equal 12—;1,3, and the horse-power will be,
A 2nxr? 27 (s
H = g 33000 = 12 x 33000 X Z@ X "4
In which, with the same engine and indicator, n4 is the only
variable.

Any of the methods mentioned in Vol. I, p. 22, may be em-
ployed to determine the area of an indicator diagram, the most
common being to draw equidistant vertical lines and take the sum
of the trapezoids thus formed. This equals the product of their
common distance apart, multiplied by the mean of the first and
last, plus the sum of all the others. A much more accurate way
is to divide the whole length into an even number of equal parts.
Then calling @, @3, @; . . . a, the various ordinates, and & their mu-
tual distance apart, the area by Simpson’s rule will be

A=13b(a,+ 4a, + 205+ 4o, + 2054 . . . . a,).

Many of the defects of an engine are shown by an indicator
diagram. Thus if the supply pipe is too small, or the steam wire-
drawn, as it is called, the curve will not attain its full height
until the piston has moved some distance. To show this, take a
diagram when the engine is doing a large amount of work, with
the valve in the steam pipe opened to the full, and again, when
doing no work, the steam being cut off either by the governor or
by partly closing the valve. If the exhaust is too small there is a
back pressure during the return stroke. If the exhaust is opened
too soon, the pressure falls before the end of the stroke; if too
late, an increased back pressure is shown at the end of .the return
stroke. To show this, take diagrams, changing the position of the
eccentric, when its best position is readily deduced. If the
engine has a variable cut-off, take a series of readings with it in
various positions, and compare in each case the amount of work
done with the steam employed. Although diagrams properly
taken show many peculiarities in an engine which cannot other-
wise be well detected, yet too much reliance must not be placed
on them, as it is possible to make an engine give diagrams of
almost any desired shape without thereby rendering it very effi-
cient.
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154. FricTioN-BRAKE.

Apparatus. The steam engine, or any motor, as a gas, hot-air
or clectro-magnetic engine, a turbine, or water wheel, may be used
for this experiment. On the main shaft, the brake represented in
Fig. 100 is attached. ADB isa piece of wood which may be
serewed against the shaft by two bolts which pass through it and
CD. Tt is upheld at B by a spring balance Z; and is prevented
from vibrating by a disk @ which passes into a vessel of water.
A tube H allows a small stream of oil to flow over the axle to
prevent its becoming heated. To prevent B from rising when
the engine is started, weights Z are applied to hold it down, and
two stops should be inserted to limit its motion.

Experiment. The friction-brake affords a means of measuring
directly the amount of work done by an engine or other motor.
Unscrew the bolts holding CD,

remove the weights 7, and read

5 the spring-balance. The reading

E ? H¥
is that due to the weight of the
2 beam ADB, and ‘must be sub-

2 Ag tracted from all the following
readings. Suppose now we wish

g 2 to determine the greatest amount

G of work which can be obtained

from the engine when running
at a given speed under a given
steam pressure. Start the en-
gine, screw CD against AB, and allow oil to flow from G on to
the axle, or it will be heated by the fiiction. If water is used
instead of oil the brake is liable to chatter, making such a jar-
ring as to endanger the machine. - The direction of the motion,
if the brake is placed as in Fig. 100, must be that of the hands of
a watch, so that B will tend to rise and press against its upper
stop. The amount of this upward pressure may be regulated by
the bolts pressing CD against AB and will be proportional to the
friction around the axle. Continue to tighten the bolts until the
full power of the engine is expended in overcoming the friction,
which is shown by its beginning to labor and run more slowly,
although the governor allows the full supply of steam to pass.
Now add weights to # until the beam is held balanced between

Fig. 100.
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the two stops. If no spring balance is used it will be impossible
to attain this condition perfectly, as, owing to continual variations
in the friction, the beam will sometimes rise and sometimes fall
with the same weight; while if we depend wholly on a spring-
balance, instead of on the weights, it will begin to vibrate, and the
hand will not come to rest. It is best therefore to depend mainly
on the weights, adding the spring to enable us to judge better of
the mean value of the friction. The reading of the balance is of
course always subtracted from the weight to obtain the upward
tendency of B. The vibrations of the beam are materially
checked by the disk G which can move but slowly, owing to the
liquid resistance. A number of readings should now be taken
of the balance and weights, and the speed of the shaft observed,
as in Experiment 158, loosening the bolts and again tighten-
ing them after each observation. To determine the work in foot~
pounds let # be the number of revolutions of the shaft per min-
ute, P the change in the force, acting on the end of the beam B,
that is the first reading or downward pull of the beam added to the
force required to hold it down during the experiment. Call & the
perpendicular distance, in feet, from B to the centre of the shaft,
and H the required horse-power. Then the work expended in
friction, per minute, is evidently the same that would be required
to pull B around n times with a force P, or exert a force P
through a distance 2zn. This amount of work equals 2znP foot-
pounds and since 33,000 foot-pounds equal one horse-power, we
must have A =—§—73r%€%, or proportional to n and to P. If the
engine can be run at various speeds, meagure the amount of work
it will do at these speeds, taking care that the full pressure of
steam is attained in the cylinder, and that it is not reduced by the
governor or by a valve. It must be remembered, however, that a
large engine cannot be run above a moderate speed without
danger.

155. TraNsMISSION DYNAMOMETER.

Apparatus. Any form of transmission dynamometer may be
employed, but that represented in Fig. 101 is cheap and conven-
ient when the power to be transmitted is not very great. The
arrangement is similar to that devised by Huyghens for winding
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astronomical clocks without stopping them. 4 is a pulley driven
by the engine, or other source of power, B a second similar pnl-
ley to drive a lathe, planer, or other machine to be tested. An
endless belt passes over both, and also over the two pulleys €
and D. Cis held down by a weight £ which measures the force
tending to pull it up, and a weight Z is attached to .D to keep
the belt stretched and prevent its slipping on 4 or B. A better
arrangement is to use a chain like that used with large clocks, and
for A and B, wheels with projections to fit the chain instead of
pulleys. All slip is thus avoided. Another plan is to use bevel
wheels instead of 4 and B, and connect them by an axle also
carrying two bevel gears. The latter turn in opposite directions,
and tend to turn their axle, end for end, with a force whose mo-
ment equals that of the transmitted force. This may then be
easily measured by a lever-arm with weights holding the axle at
rest. In a third form of dynamometer, the driving and driven
pulleys are on the same shatt, one attached to it, the other free to
turn; they are connected by some form of spring, and its amount
of deflection serves to measure the moment of the transmitted
power.

Fzperiment. When power is. furnished to run several machines,
it is often desirable to know how much is required for, or con-
sumed by, each. A transmission dynamometer
is used for this purpose, and in its simplest form
merely shows how much the driving axle is
twisted. Other dynamometers do more than
this, and record the product of the twisting
force by the distance traversed, and thus give
the work done directly. - To measure the
amount, of work required by any machine,
connect it by a belt with a pulley to the right
of B, and the engine with a similar pulley to
the left of 4. The connection must be such
that (' shall tend to rise and D to descend. Vary the weight %,
until it is just sufficient to balance #, or until its moment equals
that of %, plus the moment of the force transmitted by the shaft.
Then calling P the difference of % and ¥, and » the radius of
A or B, the moment of torsion will equal } Pr, and if the shaft
makes # turns per minute, the work transmitted will equal =rn.P,
which represents the amount of work required to run the machine
at the given speed. This may be reduced to horse-powers by di-

Fig. 101,
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viding by 88,000. Now make the machine do work, and # will
at once rise, and must be increased to balance the increased mo-
ment. The increased work represents that done by the machine.
Determine in this way the work done by a lathe when a shaving
is being cut, of a planer when at work, and of a circular saw
when cutting a board. We see also by these measurements how
much of the power is lost by friction.

It is sometimes more convenient to combine the preceding
Experiment with this, and let the friction brake absorb the power
transmitted by the dynamometer described above. One instru-
ment may then be tested by the other, and the two measures of
the power compared. By varying the tightness of the screws
various readings of both may be obtained without altering the
engine or other motor driving them. ¢

156. Seeep or Piston Rop.

Apparatus. A table is placed in line with the piston of the
steam engine, and on it is a sheet of paper over which a small
carriage may be drawn by a string attached to the piston. On
the carriage is a small electro-magnet to whose armature a pencil
is fastened, which makes a dot whenever the circuit is closed. A
galvanic battery is connected with the mmagnet and a tuning fork
inserted in the circuit so as to make and break the circuit 100
times a second. Instead, a tuning fork and style may be drawn
over a long strip of smoked glass or paper precisely as in Vol. I,
Experiment 64. A second string is attached to the carriage and
passing over a pulley on the edge of the table, carries a heavy
weight at the other end. By the motion of the piston, therefore,
the carriage is drawn over the table, and is carried back by the
weight. i

FEixperiment. See that the pencil is so adjusted as to make
dots when the circuit is closed through the magnet, and, after con-
necting the string with the piston, that the carriage moves
smoothly over the table. When the piston is nearly at the end
of its stroke, close the circuit, and a series of dots will be formed
on the paper near together at the ends, and far apart in the centre.
Break the circuit at the end of the stroke, move the paper a short
distance sideways, and repeat. Measure the distance of each dot
from the end one, and write the results in a colamn. Write the

first differences in a second column, and the mean of each two
9
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consecutive numbers in the third. Construct a curve with abscis-
sas equal to column three, and ordinates to column two enlarged.
The result shows the velocity at any point of the stroke. A more
accurate method theoretically, is given in the next Experiment,
but that given above is sufficiently exact unless the speed of the
piston rod is very great so that the number of dots is small. This
experiment has great value also in a steam pump or water-pres-
sure engine, to see if the delivery is uniform.

157. Sexep or FrLy-wHEELS.

Apparatus. A spur-wheel with 36 teeth is placed on the same
shaft as the fly-wheel, and a metal bar allowed to press against it.
A chrounograph and galvanic battery are the only other instru-
ments needed for this experiment.

Experiment. Connect one pole of the battery with the metal
bar and the other with the spur-wheel, or with the engine, inter-
posing the magnet of the chronograph in the circuit. As now the
engine turns the fly-wheel, the circuit will be made and broken 36
times in every revolution, or every 10°, If the motion is uniform,
the marks on the chronograph should correspond to equal inter-
vals of time, and a curve constructed with these angles as ordi-
nates, and times as abscissas, should be a straight line. If not, the
inclination of the curve to the axis of X at any point, gives the
velocity at that point. To find this, draw a tangent at the point
and measure its inclination, or the change in ordinates, when the
abscissas alter by unity. Make this measurement for every 30°
and construct a new curve with angles as abscissas, and velocities
as ordinates. It is very well to combine this experiment with the
last and see if they agree, as in Vol. I, Experiment 28.

158. SPEED OF SHAFTING.

Apparatus. A shaft-speeder, and two shafts connected by a
belt and 1‘eyolvin§ uniformly. To test the results the following
apparatus will be found extremely convenient. Three vertical gas-
pipes are connected together below, and to the centre one a glass
tube is attached. They are then filled half full of mercury, and
some colored water poured into the glass tube until it is nearly
full. If now the tubes are attached to a vertical shaft so that the
centre tube shall lie in the axis, and the shaft is caused to revolve,
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the mercury will, by centrifagal force, be thrown into the outer
tubes, and the water-level will descend. A suitably graduated
scale is then placed near the revolving glass tube, when the posi-
tion of the water-level will mark the rate at which the tube-is
turning. As the centrifugal force increases as the square of the
velocity, the divisions of the scale for high speeds will be much
larger than those for low speeds. To render them more nearly
uniform, and also to prevent the mercury from being thrown out
of the outer tubes,the latter should be bent in towards the centre.
To measure the speed of a horizontal shaft the tubes should be
mounted so that they are free to turn, and connected with the
shaft by a flexible spring like that of a dental lathe, by a pulley
and belt, or better still, by bevel-gears.

FExperiment. A shaft-speeder consists of a steel rod with a
sharp three-sided point, free to turn, and whose revolutions are
marked by one or more indices like those of a gas-meter or sirene.
‘It will be noticed that there is a depression in the end of every
shaft, called a dimple, by which it is held while made. To meas-
ure its speed, the point of the shaft-speeder is inserted in this dim-
ple for one minute, and, being pressed against it, turns, owing to
the friction. The number of revolutions, ag given by the index,
gives the speed of the shaft. As it is a little difficult to bring the
point in place exactly at the beginning of a minute, it is more
accurate to hold it against the shaft, and note the reading exactly
at the beginning and at the end of the minute; or, at the end of
the time suddenly remove it, and read the position in which the
index has stopped. Greater accuracy is attained Ey prolonging
the time, if the shaft moves uniformly. Measure the speed of the
two connected shafts, and also the radii of the pullies over which
the belt connecting them passes; or more simply, measure the
circumference of each pulley by passing a steel tape around it.
If there was no slip of the belt, the ratio of the speeds of the shafts
would be the same as that of the radii or circumferences of the
pullies. The difference between the observed and computed speed
of the driven shaft will therefore measure the slip. These results
are easily tested by the liquid speeder. It is only necessary to
observe the height of the liquid when the scale gives the speed at
once. To make, or test, the graduation, a scale of equal parts
should be placed against the glass tube and the shaft run at vari-
ous speeds. The number of turns per minute is then carefully
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measured in each case with the ordinary shaft-speeder, and the
corresponding level of the liquid observed. A curve is now con-
structed with ordinates equal to the scale readings, and abscissas
to the speed of the shaft. From this, the correct scale is easily
constructed by graphical interpolation.

159. STRENGTH OF MATERIALS.

Apparatus. In Fig. 102, ADB is a large screw by which any
object to be compressed may be forced against the steel plate C.
EC is a steel lever with two knife-edges resting against 2, which
forms the bed-plate of the dynamometer, and to which the nut,
through which the screw passes, is fastened. Two other knite
edges also rest against C, and take up the pressure from it. To #
is attached a stout wire, by which it is hung from the short end of
the steelyard #'G'H. To I is fastened the spring balance Z, capa-
ble of reading to 30 lbs. by single ounces. Any similar form of
lever balance may be employed, but that here shown is simple and
inexpensive. If the proportions are such that one pound on Z cor-
responds to ten on ¥, and to one hundred on B C, forces up to
3000 lbs. may be measured. ¢ is a small reading mieroscope with
an eye-piece micrometer to measure changes in form of BC. Be-
sides the various objects to be tested which will be described
below, a stiff bar K, Fig. 103, with two knife edges on it, and a
curved piece of cast iron M are also needed.

Faperiment. The dynamometer here described may be ap-
plied to a great variety of purposes which will be described below
in order. First, to meas-
ure the compressibility of
any substance, prepare a
cylindrical bar of it with
flat ends, and placing it
between B and € hold it
by turning the screw.
Mark a point on the bar
and read its exact position

Fig. 102, with the microscope o, or

better use two micro-

scopes, and observe the change in distance of two points one
near each end of the bar, when compressed. Now remove the
spring balance and apply a weight of five pounds to Z It
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will probably at once descend against its stops. Turn the screw
until 77 rises and remains balanced, when the pressure will equal
that due to the weight. Observe the distance apart of the points
as in Vol. I, Experiment 20. Take in this way a series of read-
ings of the distances corresponding to various pressures. Deter-
mine from them the most probable value of the compressibility
by the method given in Vol. I, p. 4, assuming that ! =7, 4 ap, in
which 7, is the length when no pressure is applied, 7 the length
under the pressure p, and a the coeflicient of compressibility. The
various observed values of / and p must be substituted in this
equation and from them the best values of 7, and @ deduced. A
simple, but less accurate method, is to construct a curve with ordi-
nates equal to the pressures, and abscissas to the lengths, which
should give a nearly straight line; a is then equal to the tangent
of the angle this line makes with the axis of X. We must next
determine the modulus of compression, €. For moderate pres-
sures, the diminution in length of a bar is proportional to the pres-
sure. Hence if this law held at all pressures, a certain force per
square unit would reduce its length to zero, although there is no
substance for which this is actually the case, since crushing takes
place or the law changes, long before this limit it reached. Call-
ing s the cross-section of the bar, P the load per square inch,?,
its length under no pressure, and 7 its length under pressure Ps,
we must have ! =}, — asP in which, if we make I =0, P will

equal Cyor 0= —L

With a large prebsure it will be found that the two points in
the bar gradually approach each other, and observing their dis-
tance at various times we may construct a curve which will repre-
sent the permanent set. By using bars of various lengths and
cross-sections, we may prove that, for a given pressure, the change
in length is with cylindrical or prismatic bars proportional to the
length and cross-section, whatever may be their shape. In all the
above work it is essential that the section shall be sufficient to
prevent the bar from bending under the pressures employed.

To determine the laws of crushing, replace the spring-balance,
and observe its index, as the pressure is gradually applied by the
screw. When the pressure is considerable, the reading of the bal-
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ance will begin to diminish as soon as the screw stops, owing to
the permanent set, until finally a point is reached beyond which
the index will not move, and the body breaks. This maximum
position of the index marks the breaking weight, and is simply
proportional to the cross-section of the body.  Different sub-
stances break very differently, some are brittle, give way suddenly,
and the index going down at once to zero, the beam falls against
its stop. With a sudden jar, their fracture often takes place at
much lower pressures. Other bodies are plastic, yield slowly, and
often have no definite breaking points, but will support a much
larger weight for a short time than if it has to be sustained very
long. <
If the length of the body is great compared with its diameter
other laws hold. The strength of a column built in at both ends.
built in at one end and simply supported so that it is free to turn
at the other, and simply supported at both ends, are readily com-
pared by similar rods flat at both ends, rounded at one end, and
rounded at both ends. The laws of the length, of the diameter,
and the superiority, for a given weight, of hollow columns, are also
readily found.
The laws of transverse elasticity may be tested on a much
larger scale than in Vol. I, Experiment 35, by the help of K, Fig.
103. A stout bar is laid against C, and two
knife - edges slide over it, while a third knife-
K edge rests against 3. The bar to be tested is

ﬁ placed between the three knife-edges and bent

by the serew. The pressure is measured by the

L steelyard as before, and the amount of pressure
g-j @] by the microscope J. Metal bars of consider-
able size may thus be used and. the laws for the
length, thickness and width, tested. Castings
may also be made of various forms of girders
at a cost little above that of the patterns, and the metal used over
and over again. The shearing strength of various kinds of glue, ce-
ment, mortar or other similar substances, is readily found by join-
ing three blocks of wood, metal or stone as in Z, inserting them

between B and C, and measuring the force required to make them
slide over each other. Still another application of this dynamom-

Fig. 103.
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eter is to testing the strength of various forms of teeth for wheels.
Castings are made of the form shown in M and the curved piece
being placed against B, and the casting against C, the screw is
turned until the teeth are broken.

160. Fricrion or Brrrs.

Apparatus. A shaft on which are several pulleys of various
sizes, either of wood or metal, and which may be turned very
slowly by power or by hand. Several belts of various widths and
material are also needed, some 1& 1b. weights, a spring balance read-
ing to 380 lbs. by single ounces, and a clinometer or level with a
graduated circle attached for measuring slopes.

Eaperiment. Pass one of the belts over a pulley, attach a 10 1b.
weight to one end, and the hook of the spring balance to the
other. Fasten the other end of the balance to the floor so that it
shall hang vertically. If there was no friction of the bearings of
the shaft, the reading of the balance should now be 10 lbs. but it
may in any actual case be greater or less than this amount by any
quantity less than the friction. Now turn the wheel so that the
belt shall be carried from the balance. The reading will in-
crease until it equals 10 lbs. plus the friction of repose; the belt
will then begin to slip, and as the wheel continues to turn, the
reading will remain equal to 10 lbs. plus the friction of motion.
See whether the friction is dependent upon the velocity.
Next, turning the wheel backwards the reading equals 10 lbs,
minus the friction. Care must be taken that the reading of the
balance is zero when no weight is applied, or if not, a correction
is necessary. Repeat the experiment, adding, a 10 Ib. weight to
each side so that the strain shall be 20 lbs. on one side, and 10 lbs.
plus the reading of the balance on the other. Do the same with
heavier weights, also with other pullies and belts. In the ease of
leather belts try both sides and see which gives the greatest fric-
tion. The fiiction when the belt touches a greater or less
portion of the circumference of the pulley is found in a similar
manner, by fastening the balance in such a position that the two
parts of the belt shall be inclined at the required angle. Adjust
this angle by the clinometer, which consists of a spirit-level free to
turn in a graduated eircle, so that it may be inclined at any angle
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to one side of the instrument which is planed smooth. Make this
angle 60°, and set the balance in such a position that, when the
clinometer is laid on the belt, the bubble of the level will be in
the middle. The other part of the belt being vertical, the two
sides will be inclined at an angle of 830°, or 150° of the pulley will
be covered. Make a series of measurements with angles of 30°,
60°, 90°, 120°, 150° and 180°. For larger weights a stronger bal-
ance must be employed, or a cord passing over a pulley attached
to the end of the belt and the weights hung to it. This is, how-
ever, open to the objection that ax error is introduced due to the
friction of the pulley. Care should be taken not to turn the shaft
too rapidly, or the belt will heat.

To compare the results with theory, let £ be the tension of any
part of the belt, v the corresponding angular distance from the
point where the belt touches the pulley, and f the coefficient of
friction. Then the normal pressure dp of the belt on the minute
portion dv of the pulley will be the resultant of two equal forces
¢, inclined at an angle of 180°— du, or dp = tdv. The increase of
tension d¢ equals dp multiplied by the coefficient of fiiction, or
dt = fdp = fidv, and integrating, log ¢ = Mfv. When the belt
covers 180°, v = }r and calling ¢ and ¢” the tensions at the ends,

4
log ¢ — log tf’=log?—,=1}wa

161. Fricrion or PurLuies.

Apparatus.  Several pullies of various sizes and materials
placed on a shaft which replaces their pins, and which may be
turned in either direction. A set of weights, a spring balance,
a flexible cord and a clinometer.

Faperiment. This experiment is nearly the same as the last,
the cord is used like the belt, and the difference in the tension of
its two ends is measured when the axle is turned. The calcula-
tion is, however, quite different, as the friction depends only on
the resultant of the two tensions. The magnitude of this equals
the sum of the tensions if the cords are parallel, otherwise, it is
found by the parellelogram of forces. If the pulley is large its
weight should be included in finding this resultant. The ratio of
the difference in tension to the resultant pressure may be called
the coefficient of friction of the pulley, and should be constant.



METEOROLOGY.

The science of Meteorology treats of the heat, pressure, mois-
ture and other properties of the atmosphere with which our globe
is surrounded. To determine its laws, observations have been
made at various points of the earth at regular intervals for long
periods of time. The graphical method is largely used in the dis-
cussion of the results. This is most readily done by drawing a
curve with abscissas proportional to the times, and ordinates to
the temperature or other quantity measured. Sometimes this
curve is drawn automatically and the instrument is then called
self-registering. The general method in this case is to move the
paper uniformly by clock-work, and give the pen or pencil a mo-
tion at right angles to it by the thermometer or other instrument
to be recorded, taking care that the motion of the pencil shall be
proportional to the change in reading. This is easily accom-
plished with a metallic thermometer or aneroid barometer by
allowing them to move the pen or pencil directly. In some cases,
however, this cannot be done, and it is always objectionable on
account of the friction. It is therefore more common to employ
an electrical attachment for which the mercury of the thermome-
ters and barometers is especially convenient in effecting electrical
contact. Sometimes, as with magnetic observations, even this
method is not available on account of the minuteness of the forces
to be observed. In this case a spot of light from a lamp is re-
flected by a mirror attached to the instrument on to the paper
which is rendered sensitive photographically. The slightest mo-
tion is thus made visible and recorded permanently without in the
least interfering with the action of the apparatus. Self-registering
records are much more valuable than those obtained by single
observations since they are much more complete, and give all

the variations of short duration which occur in all meteorological
(137)
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phenomena and quite escape a common observer. They effect also
a great saving in time both in taking the observations and in
constructing the curves, To give the results in numbers they
sometimes also print the results (Dudley Observat., Rep. II, p. vii).
The most complete self-registering instrument is the Meteoro-
graph of Secchi, exhibited at the Paris Exposition of 1867 (Bar-
nard’s Report, p. 571) in which various meteorological phenomena
are recorded side by side on the same sheet.

To eliminate the effects of the small variations, the average or
mean of a long series of observations is taken. In the same way
to determine the changes due to any cause we group together
those observations where this cause should have its greatest effeet,
and in a second group those where the effect is least, and so on
for each intermediate value. For instance, suppose we have a
geries of observations of the temperature of a given place for
every hour for ten years. The mean of all these, or their sum
divided by their number gives the mean temperature. Now sup-
pose we wish to know if the height of the barometer affected the
thermometer. We should group together and take the mean of
all these observations of the thermometer taken when the barom-
eter stood between 700 and 710, form a second group of all those
between 710 and 720, a third between 730 and 740, and so on, and
then see if these means seemed to follow any definite law. This
would be done most easily by drawing a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>