
The Time of Sunrise and Sunset.

IF the reader is astronomically inclined, and

has personally compared the calendar times

of the rising and setting of the sun and

the moon with those of his own observation,

he must certainly have found so many and such

large discrepancies, that he may have been

tempted to declare openly that the calendar

man knew his business as poorly as the weath

er man, and that the whole calendar from one

end to the other was only poor guess-work.

Such a sweeping condemnation would be as rash

and unjust as it is severe. It is our purpose

to prove this statement in the present article,

and we are confident that we shall not find it

difficult.

The reader knows from his school days

when he studied the beginning of his geography,

that not only the length of the day is con

tinually changing at a given place on earth, be

ing less than twelve hours in winter and more

than twelve hours in summer, but also that the

same day of the year, such for example as

Christmas day, December 25, is different in

length for different places on earth. For on

that day we in the northern hemisphere have

winter and a short day, whereas people in the

southern hemisphere have summer and a long

day. While on the one hand, the sun does not

rise'on that day in Iceland and does not set at

the south pole, on the other, Quito on the equa

tor is entirely uninfluenced by the seasons,

for there every day of the year without a single

exception has the unvarying length of twelve

hours. These few instances are sufficient to

prove that the times of sunrise and sunset can

not possibly be the same all over the earth.

And more than that, they cannot be the same

even in a single country, especially in one as

large as the United States. The note on the

reverse side of the title page of St. Michael's

Calendar calls attention to this fact and states

that the times of the rising and setting of the

sun and moon are computed for the city of

St. Louis, and that the farther the reader is

distant from that geographical centre of our

country, the more considerately he should deal

with the figures in the calendar.

The object of the present article is not on

ly to show the reader this difference in time

of sunrise and sunset, but also, and that especi

ally, to give him in one diagram and without

mathematics, the means of finding the times

for any day of the year and for any place on

earth.

Before explaining the diagram we must re

fresh our memory on a few facts and defini

tions. We know that the reason of the change

of the day's length is to be found in the spherical

shape of the earth and its diurnal rotation about its

axis and its annual revolution about the sun.

The earth's axis when produced to the heavens

cuts the celestial sphere in two opposite points

about which as centres all the stars seem to re

volve. We all, of course, know the Pole Star, which

is so near the true pole that the untrained eye

would never detect its distance from it. If now

we point one of our arms to the Pole Star and

swing our second arm around at right angles

to the first, the second one will describe the

celestial equator. Two sticks tied at right an

gles like a cross will help us very much in our

study. If we point one stick towards the Pole

Star and then, while keeping it in that posi

tion, turn our cross around, the other cross arm

will move over \hr celestial equator. This cel

estial equator is the apparent path traced in the

sky by the sun when the sun is said to be on or

crossing the equator, that is on March 21, and

September 23, every year. After March 21, the

sun rises higher in the sky or above the equator

for three months until June 23. Then he descends

again, crosses the equator September 23, reaches

his farthest south December 22, and then again

goes north. The distance of the sun from the

equator is called his declination, nortn or plus,

south or minus, corresponding to our above and

below. Declination is measured in degrees, there

being, of course, 90 degrees in a right angle,

that is, from the horizon up to the zenith. The

sun's maximum declination is 2$y2 degrees north

and south. The declination of the sun is well

represented on our diagram for every day in

the year. The distance of the several vertical

lines from the central one is the sun's declina

tion, and the reader may find it to a single

degree or even fraction if he likes. On the

central loop, or Analemma. which we shall ex

plain more clearly further on, he will find every

fifth day of the year indicated. The distance

of ihe proper date from the central vertical

line measured on the horizontal scale is the sun's

declination. Thus, on August 15, the declination

is 14° north, on October 20, it is 10^° south.

The same diagram when extended also gives

us the sun's altitude above the horizon at noon.
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Let the reader continue the central horizontal

line marked 6 h — 6 h to the right until, up

on the same declination scale he comes to a

point whose declination would be his latitude

on earth (for example, Omaha 410.) This point

is the zenith, or the point directly overhead.

If 90 degrees are measured off on the same

scale from this point to the left, (or 90 de

grees diminished by the latitude are set-off

from the central vertical line towards the

left,) this new point reached will be the read

er's south horizon. He can then measure

the sun's noon altitude as well as its zenith

distance for any day of the year at his

pleasure.

Diverging from the central point of the

diagram the reader will notice a series of

curves. These we will call the latitude lines,

the numbers at the ends of the lines denot

ing the latitude for which they are to be

used. They will enable any person to find

the time of sunrise and sunset when the

latitude of his place is known. An example

will make things clear.

tude of Omaha, 41.0 As the latitude lines are

given only to every five degrees near this value,

we must imagine a latitude curve drawn between

4O0 and 450 one-fifth of their distance apart

from the 400 line. This is not difficult with a

little practice. Marking this point on our strip
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Let us find the time of sunrise and sun

set for Omaha on February 20. We find this

date on the central loop. The sun's declina

tion is nearly il° south: this however does not

concern us now. We lay the edge of a strip

of paper over the given date in such a way that the

edge is parallel to the vertical lines. We then

run along the edge until we come to the lati-

of paper, we run along horizontally from this

point to the central vertical line of'the diag

ram (marked "Sunset") and there find the

reading 5 hours 22 minutes. This number,

5 hours 22 minuets, is the time required on

February 20, at Omaha for the sun to run

from the eastern horizon to the meridian and

from the meridian to the western horizon. It is

therefore half the length of the day to the west,

or as it is technically termed, the sun's semi

diurnal arc. Since our clocks show noon, or

0 hours, as an astronomer would call it,

when the sun is on the meridian, 5 hours 22

minutes after noon or simply 5 o'clock 22

minutes, would be the apparent time of

sunset, the time that a sun dial would

show. And for the same reason, 5 hours

22 minutes before noon, that is, 12 hours

with 5 hours 22 minutes subtracted, or 6

hours 38 minutes, would be the apparent time of

sunrise. This latter time, 6 hours 38 minutes, will

be found on the same level with the time of

sunset, 5 hours 22 minutes, but at the extreme

left or outer end of the diagram. Let us add

in parenthesis that twice the apparent time of

sunset is the length of the day, and twice the

apparent time of sunrise is the length of the night.
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Now as the sun is sometimes fast and some

times slow of our clocks, we must know this dif

ference between the sun and the clock, the equa

tion of time, as it is called. This is given on

the Analemma or loop. Looking again at Fe

bruary 20 we find it nearly 15 minutes below

the central horizontal line (or the 6 hour line),

showing that on

that day the sun

is nearly 15 min

utes slow. Hence,

adding 15 min

utes to the appar

ent time of sun

rise and sunset,

we find the true,

or as they are

called, the local

mean times to be

6 h 53 m and 5

h 37 m.

We say the

local mean times,

because another

correction must

now be applied

in order to obtain

standard or rail

road times. As

there are very few

places at present

in the United

States where rail

road times are not

used, it will be

necessary for the

reader to know

how much this

railroad time is

slow or fast of

his true local

time.

This differ

ence is constant

and can never

vary: adding or

subtracting it ac

cording as we are

west or east of a

standard merid

ian, we obtain the

railroad times of

sunrise and sunset,

ence depends upon

a prime meridian.

If the reader is dextrous in the use of the

diagram he may obtain all his results graphi

cally. If he will mark the position of the six-

hour line, the position of February 20, and of

the latitude of Omaha on the edge of the slip

of paper, and then slide this edge directly up

ward until the mark for the date is on the six-

 

Thc amount of this differ-

the reader's distance from

hour line, then the latitude mark will give the

time of sunset. If he will slide the edge down

until the six-hour mark is at the given date,

then the latitude mark will give the time of

sunrise.

The simple rule will then be:

1. To find the time of sunset, exchange the

six-hour and date

marks, moving

the slip up when

the sun is fast,

and down when

the sun is slow,

and read the

central vertical

line marked Sun

set.

2. To find the

time of sunrise,

move the slip in

the opposite dir

ection and read

the outer lines

marked Sunrise.

In this man

ner the times of

sunrise and sun

set can be found

for any place in

the northern

hemisphere from

the equator to the

north pole. We

shall not give the

rule for people in

the southern

hemisphere, al

though it is a

very simple one,

beause this art

icle will probably

not reach many

of them : they are

so accustomed to

have the feasts

of . the Church

occur in the op

posite seasons,

Christmas in sum

mer and Easter

in fall, that they

can readily for

mulate the rule for themselves.

An examination of the diagram at the pla

ces where the sun's declination is a maximum,

that is, in June and December, will show that

the difference in the times of sunrise and sun

set between the latitudes 250 and 490 which are

the southern and northern limits of the United

States, amounts to an hour and fifteen minutes,

thus fully bearing-out the truth of the note in

this Calendar.

A good Harvest.



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


