
so THE TIME OF SUNRISE AND SUNSET.

If the reader is very precise, he will ask

whether any correction for refraction has been

applied in our diagram. This has not been done.

It would turn every latitude line by a different

amount and would greatly mar the simplicity

of its determination. Two minutes subtracted

from the time of sunrise and added to the time

of sunset, will however apply the proper cor

rection for refraction for any place within the

United States.

The same diagram may be used to find the

times of the risings and settings of the planets

and stars, provided we know the times of their

crossing the meridian. The times of, moonrise

and moonset cannot, however, be determined

by our diagram, for the moon's motion is very

tar from being so simple as most persons ima

gine it to be, and a very good knowledge of

practical astronomy would be required to com

pute it even roughly. The reader must there

fore be very considerate with the times of moon-

rise and moonset which he finds in a calendar,

even when the latitude of the place is given for

which the calendar has been constructed. Enough

has been said, however, in the present article

to convince any person of average intelligence

of the impossibility of editing one calendar for

a country as large as ours. And the writer

trusts that the diagram he has just explained

will be of service to all who may chance to

read it.

Wm. F. Rigge, S. J.

Creighton University, Omaha, Neb.

Science in a Smokestack.

lum from the dome of the Pantheon in

Jaris and gave to the world the first

*ver since the time when Foucault. fifty

r^jl-) years ago, swung his memorable pendu-

" J experimental proof of the rotation of

the earth, it has been the delight of astrono

mers and physicists to repeat the experiment and

enjoy with their own eyes this most convincing

demonstration of the earth's diurnal revolution.

A true lover of science cannot refrain from feel

ing some of that enthusiasm with which Fou-

c.uilt's experiment was received by the world.

And even the non-professional cannot fail to

be delighted with both the simplicity of the

apparatus and the solidity of the demonstration.

All that is needed, in fact, is a long pendulum,

the longer the better, and then tfie explanation

of its use and of its action will, we feel assur

ed, be well within the comprehension of any

educated person. An account of how the ex

periment was recently conducted at Creighton

university will therefore be of interest to the

reader.

As the success of the Foucault pendulum ex

periment depends in great measure upon the

length of the pendulum, no suitable place pre

sented itself at Creighton university for that

purpose until the smokestack of the new heat

ing plant was constructed and finished. The in

terior height of this chimney is such as to ad

mit a pendulum fully ninety-eight feet long.

The opportunity was too tempting to be neg

lected and this the more so that but a limited

time could be devoted to this use of the chim

ney before the object of its erection would un-

suit it for this kind of experimentation.

Apparatus is Simple.

In order that the reader may have definite

ideas upon the subject we will state all the de

tails of the apparatus and then show how it

proves the rotation of the earth.

Across the top of the smokestack there is

a beam, to the middle of which a long, fine

wire is secured. The lower end of this wire

supports a cylindrical brass vessel filled with

twenty-eight pounds of shot. The material used

in the pendulum is of no consequence, pro

vided the point of support be immovable and

the wire and the weight be so smooth and well-

shaped as not to introduce irregularities into

the swing by the unequal friction of the air.

The pendulum should approach as much as pos

sible to the pendulum which mathematicians call

a simple one — that is, a single material par

ticle, having weight and therefore being attract

ed by the earth, suspended by a string without

weight from an immovable support. Now, as

this is an ideal and not a practical pendulum,

we come as near as possible to the required

conditions by making the bob so heavy that the

string has practically no weight in comparison.

The great length of the pendulum is also

quite a factor in the success of the experiment

because as a long pendulum swings very slowly,

the unavoidable friction of the air and of the

string and at the point of support is so much

reduced that the pendulum will continue its os

cillations for a long time. The great weight of

the bob adds also its share to this reduction

of the air friction and to prolonging the vib

rations.

The reader may know that as a fact a long

Eendulum swings more slowly than a short one

ut may be at a loss to give a reason for this fact

A pendulum moves in the arc of a circle. When

the bob is drawn aside from its position of rest

it is at the same time raised somewhat above

that position. When the pendulum is long the
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bob is raised to a much less height than when

the pendulum is short, the horizontal . distance

being the same in both casfs. The force re

quired to raise the bob is therefore much less

in a long pendulum, because the height to be

raised is less. Hence, as the force is less, the

velocity it can impart is less and therefore a

long pendulum must move more slowly than

a short one. An increased weight of the bob

has no other effect upon the vibrations of the

pendulum than to continue them for a longer

time, on account of its greater inertia in over

coming the friction of the air. It cannot change

the time of one vibration. This time depends

exclusively upon two factors, the length of the

rod and the force of gravitation, the weight of

the pendulum or the material of which it is

composed having nothing at all to say in the

matter.

A physicist would express the formula com

pletely by saying that the time of a vibration

varies directly as the square root of the length

of the pendulum and inversely as the square

root of the force of gravity. Hence, as the

Creighton pendulum is ninety-eight feet long

or thirty times as long as a pendulum beating

seconds, it requires the square root of thirty

or almost exactly five and one-half seconds for

one vibration, or eleven seconds for a double

vibration, that is, for going and then returning

to the starting point. The second part of the

law, that the time of a vibration varies inverse

ly as the square root of the force of gravity,

does not concern us at present. It may be re

marked, however, in passing, that the shape

of the earth has been determined by this

means.

Operation of the Experiment.

Having now refreshed our ideas somewhat

upon the nature of a pendulum, we are ready

to begin the classic experiment of Foucault. Af

ter having allowed the pendulum to hang long

enough to take all twist out of the wire, we

draw the bob aside by a string and fasten this

string to the wall. We then allow the pend

ulum sufficient time to come to absolute rest.

When this is the case we burn the string near

the bob, and the pendulum at once begins its

majestic swing in obedience to the force of

gravitation. The precautions of allowing the

bob to come to perfect rest and then burning

the string are very essential to the success of

the experiment, because otherwise we might

unconsciously give the bob a side motion which

would be fatal for our purpose, for we wish the

earth's attraction alone, to the exclusion of ev

ery other force, to take hold of the pendulum

and move it as it thinks fit.

The reader will grant at once that there is

only one force to move the pendulum when

the precautions just mentioned have been ob-
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served. This force acts in a vertical plane and

tries to bring the pendulum bob into its lowest

position which is its position of rest, or the

position, nearest to the center of the earth. As

the force of gravitation is continually urging the

bob downward, it is imparting to it a contin

ually accelerated velocity, which is at a maximum

when the lowest point of the arc is reached.

The acquired velocity then drives the bob past

this position. As the bob is then forced to rise

from the ground, gravity now continually retards

it and gradually brings it to rest when it has

reached the same height from which it has fall

en or, what amounts to the same thing, when

it has moved as far beyond its lowest position

as it was originally started on the other side.

The bob then returns and repeats the same os

cillation in the opposite direction, only to re

verse it again, as before, If there were no fric

tion the pendulum would thus oscillate forever.

As the pendulum vibrates in a vertical plane

under the influence of the one force of gravi

tation, it is evident that it has no preference

for cne vertical plane more than another, that it

will swing north and south as readily as east

and west, or in any other direction. And more

than that, the pendulum has no power what

ever to change its plane of vibration, for there

is absolutely no side force, no horizontal force,

to bring this about.

What has thus far been said about the vi

brations of the pendulum has been deduced from

the very nature of the pendulum itself. It is,

therefore, mathematically certain, as certain as

that two and two are four, that the pendulum

must, of its very nature, swing forever in the

plane in which it has been started. We are

speaking, of course, of pendulums that are sup

ported by strings or wires, or swivel or uni

versal joints, which admit of being swung in

any vertical plane, and not of clock pendulums,

which are confined , by their very construction

to the plane of the clock case. This latter

arrangement is one of convenience of man

ufacture and not at all of necessity, were it not

for a reason which we shall see anon.

Experiment comes to the aid of pure rea

soning, and confirms the inability of the pend

ulum to change the plane of its oscillations. If

we swing a string pendulum from the middle

of a horizontal yard stick, we may turn the stick

around the point of support without in the least

deranging the plane of vibration. We may turn

the stick horizontally or vertically, with uniform

or irregular motion, we may move it laterally

or vertically, that is, carry the apparatus across

the room or up or down stairs, provided

only that all this is done smoothly and without

jarring, we shall see that the pendulum will

unerringly keep its plane of oscillation un

changed. The reader is now doubtless thorough

ly convinced that the pendulum keeps its plane
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of vibration inviolate. It is upon the certainty

of this major proposition that the value of the

Foucault pendulum experiment mainly depends

for the thoroughness of its demonstration, for

the minor proposition, or the experimental part

any one may verify for himself.

Observing the Result.

When the long pendulum in the Creigh-

ton University smokestack is started upon its

slow and majestic

swing, if we look

at the supporting

wire through the

door at the bottom

of the shaft, from

the point at which

the burnt string

was attached to

the wall, we shall

see the wire mov

ing from and to

ward us over a

pencilmark on a

pieceof paper fast

ened to the oppo

site wall. After the

lapse of six min

utes we look again.

Putting our eye in

position to observe

the wire moving

to and fro without

any lateral motion,

we know that we

are then in the

plane of oscilla

tion. We shall then

see what at first

thought looks like

direct experiment

al denial to our

thesis concerning

the invariability of

the plane of the

pendulum's oscil

lation, for the wire

now covers a pen

cilmark half an

inch to the right

of the one toward

which it was started six minutes ago; that is

to say, the plane of vibration has apparently

turned one degree to the right, the north end

having moved eastward and the south end west

ward. We suspect that there must be some

thing wrong with our apparatus. We close the

top and bottom of the smokestack in order to

do away with possible air currents. We are

using non-magnetic material in our pendulum.

We change the length, the weight of the bob

all to no purpose; the pendulum persists in
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turning one degree to the right for every six

minutes of swing. It never turns to the left

and this fact alojie, without mentioning the

uniformity of the rotation, finally must convince

us that we are confronted by a law or fact of

nature with which we are not yet familiar. Is

our major proposition right? Must the pend

ulum keep its plane of vibration? Yes, that is

absolutely certain; as certain as two and two

are four. Does the pendulum in our experi

ment really keep

its plane of vibra

tion? The eye says

"no". But it must

keep its plane,

reason insists.

Which is right?

Both are right. But

their statements

are contradictory.

Seemingly, but not

in reality, because

the eye can only

state appearances

and the appearanc

es show that the

plane has turned.

The plane cannot

turn, therefore, as

it has apparently

turned, it must be

that the chimney,

the ground, we

ourselves have

been carried a-

round the verti

cal line passing

through the point

of support at the

rate of one degree

in six minutes. But

these cannot turn

unless the whole

earth turns. There

fore, the conclu

sion is inevitable,

the whole earth

turns.

Explaining the

Application.

In order to make this explanation clear,

let us imagine a pendulum hung up over the

north pole of the earth. As the pendulum keeps

its plane of oscillation, the earth would turn

eastward under it at the rate of one turn in

twenty-four hours, or, as appearances would in

dicate, the plane of the pendulum would seem

to move in the opposite direction, or westward

at the same speed. At the equator the pend

ulum would appear to keep its plane inviolate

to all the places that passed under it, because
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there the earth would move like the outside of

the rim of a wheel under a pencil pressed against

it, there would be, so to speak, a direct linear

and not a rotary [motion. As the polar pend

ulum appears to make one westward revolution

in twenty-four hours, and the equatorial pend

ulum may be said mathematically to require an

infinite time for that purpose, we may infer

that at other points on the earth's surface the

time of one revolution is intermediate between

twenty-four hours and eternity. This is expressed

succinctly in the formula by saying that the time

is twenty-four hours divided by the sine of the

latitude. That would make the time of one ap

parent revolution at Omaha thirty-six hours

twenty-three minutes thirteen seconds, or 10 de

grees in one hour, and I degree in six minutes.

And this is the observed fact.

The non-mathematical reader will probably

find the" following explanation more tangible:

If the earth really turns about an axis, the

north pole simply turns around itself, while a

point at the equator moves about 1,000 miles

an hour. Intermediate points move with inter

mediate velocities, and of two points north and

south of each other in the northern hemisphere

the southern one moves faster eastward than

the northern. Relatively, therefore, we may say

that the northern one is stationary and the

southern one moves eastward with the difference

of their velocities. Or, again, we may say that

a point half way between them is stationary,

while the southern one moves eastward with

half the difference and the northern one moves

westward with the same half difference. All

three points, of course, are being carried east

ward, but with different velocities. Hence, as

the pendulum, with its point of support di

rectly over the central point, gives us in the per

manency of its plane of vibration a sure means

of detecting this difference of velocities, of this

relative eastward movement of the southern

point and the westward movement of the northern,

it follows that if the earth really rotates about

an axis the plane of the pendulum must ap

parently swing round in the opposite direction

the southern end of its swing moving westward

and the northern one eastward. This apparent

revolution does take place, the plane of the

pendulum cannot change, therefore the conclu

sion is unavoidable, the earth really turns on its

axis.

That the point of support of the pend

ulum is upon a chimney or upon a building rest

ing upon the earth, instead of being suspended

in mid-air by some invisible force, does not in

validate the conclusion in the least, for the rea

son that an immovable support is required,

that is, one whose distance from the center

of the earth and from its poles is invariable.

An apt illustration of the behavior of the

ground under a Foucault pendulum may be drawn

from a carriage in a merry-go-round. The out

er part of the carriage moves faster than the

inner part, because it has a greater circle to

run in the same time. A pendulum might be

swung in the carriage and it would keep its

plane of vibration as steadily as an outside pend

ulum. If the carriage were closed in and the

passengers could not know whether it was mov

ing or not, the pendulum would tell the story as

certainly and in exactly the same way as a mag

netic needle, for it would appear to swing in suc

cession over every point of a dial that was placed

below it. In fact a scientific observer could note not

only the speed of the rotation and its direction,

but even every irregularity in the circular

motion of the carriage. A vertical motion of

course could not be noted, nor does this vitiate

the comparison, for if the earth rotates, every

point on it and in it must move in a perfect

circle and at an invariable distance from the

center of the earth. It is only the inclination

of the earth's surface to the axis of revolu

tion that might cause some difficulty in the

comparison. But that could not be accounted

for intelligently without bringing in more math

ematics than the general reader would be pleased

to take.

Wm. F. Rigge, S. J.

Creighton University, Omaha, Neb.

THE ORIGIN OF ST. PETER'S PENCE.

Y Peter's Pence is meant the voluntary offering

of the faithful to their common Father, the

successor of St Peter, the Sovereign Pontiff, to

supply him with means for the government

of the Church. The name, no doubt, is taken

from an old customary contribution to the Holy

See which started in England and later spread

to Denmark and Scandinavia. That contribution

consisted in the levy of one penny of taxes laid on

every house in the realm whose owner "had an

annual income of at least thirty pence. It was

collected by the bishops. Whether king Ina of

Wessex was the author of the Peter's Pence

is doubtful. King Offa of Mercien who died in 796,

for himself and his successors, promised St. Peter

an annual contribution or gift of 300 shillings. Hav

ing conquered England, Canut the Great extended

the collection of the Peter's Pence over the re

mainder of his realm. This contribution remained

in existence until the time of Henry VIII.

What we now-a-days call Peter's Pence dates

its origin from the year 1847. Like so many other


