or, Rhine-

ge of the
rilliant idea of
ted in gra
< 3 ]e"m“ h’? " 2 i

e told
hough it had been .done abroad several times,
_as far as he knew it had never been atte_mptqd
in the United States, They became enthusi-
‘astic; ; i i
. “Get it in grams,” exclaimed one of the

more ambitious stidents with bated breath,
with a vision of obtaining a number carried
out to unthinkable length. ;

* . So in grams Mr. Wetzel got it. :

. It proved -to be a very. fascinating thing,
t00; so much so that thousands of visitors to
the college flocked to the physics research lab-
oratory, and the apparatus has been placed on
public exhibition, so that every one may take
2 peep at the machinery for weighing the earth.

The apparatus is extremely'delicate, though
comparatively simple; in fact, one woiild think
it was designed for weighing an.atom rather
than a planet. It is known as a “gravitational
balance.” '’

It consists primarily of a very thin ‘wire,
only 3.5 centimeters long, bearing at each end
a little silver ball weighing exactly one gram.
This wire is suspended horizontally from a
very fine quartz fibre attached to its centre,
thirty centimefers in length, so fine as to be al-
most invisible to the eye. In fact, it is finer
than the finest thread spun by a spider, yet as
" tough as though it were a filament of steel.
It is very elastic.

The whole thing is encased in an airtight
little glass box: about three inches long and
less than an inch deep, the quartz fibre hanging
down through a brass tube set on this hox.
Not even the slightest air current can affect it.

Then this much of the apparatus is placed
on a vibrationless pier of conicrete which runs
down into the earth through the flcor of the
laboratory so as to'be absolutely free irom the
vibration of the building. Even then the pass-
ing of a wagon on a near-by street affects it
slightly. Therefore the actual observations of
Mr. Wetzel had to be carried on stealthily in
the dead of night between the time when the
last joy-riders had rolled homeward and the
first milkman went his rounds.

The rest of the apparatus consists of two
large balls of lead, uniform in density, very
carefully cast in Germany, where all the essen-,
tial parts of the apparatus were made to order.
In fact, in cash, it cost just about one hundred
dollars to weigh the earth, though the labor
and care involved would increase that outlay
considerably if they could be reduced to dollars
and cents. They are not estimated. -

These balls of lead are placed on a wooden
table built around the pier, but not touching it
at any point, and they are arranged so that they
can be moved back and forth on horizontal
bars. The centres of the'big lead balls and lit-
tle silver balls are exactly in the same plane.

Now, Newton’s law is that masses attract
each other directly in proportion to their mass
and inversely in proportion to the square of
the distance between them. The problem was
first to find out how great was the attraction
of the lead balls for the silver balls. This was
done by placing the two lead balls in a certain

~position and noting the position of the silver
balls suspended by the quartz fibre.

“When the lead balls stand as they are,”
said Mr, Wetzel, “the silver balls remain sta-

tionary, the opposite ‘attractions counter-bal- -

ancing each other. Now I begin to push one
lead ball in one direction and pull the other
lead ball in the other direction, and that little
dumbbell in these begins to twist on its thread
of quartz, each silver ball getting a little bit
closer to the lead ball nearest to it. When we
have pulled the silver balls thus as close to the
lead balls as possible, the degree of the twist
of the quartz thread will be the measure of the
attraction exerted upon the silver balls. But
how can-we measure ‘the twist of a thread
which we can hardly see?”
~ This is done by means of a very little mir-
ror fixed on the quartz fibre. A beam of light
. is shot in on this mirror, and is reflected back
by it on a long, graduated scale placed several
feet away. Its position on the scale is noted.
Then the leaden balls are moved.
The silven balls,” as we have seen, then
move through a very minute arc, the quartz
- fibre is twisted ever so little, the mirror re-
Hects the beam of light at an almost impercep-
tibly different angle, and the difference, mag-
nified by the distance at which the graduated
scale is placed, is read by Mr. Wetzel by care-
fully noting the new position on which falls
the beam of reflected light. The angle turns
out to be about 1.7 degrees. This method js
the same as that used in ‘the finest galvano-
meter in measuring electric currents alto. =
Over and over again this process was re-

prin

the mat

0 hardly be properly’ said that the
earth has “weight”—that is, attraction for it-
self. Expressed in words, this result may pos-
sibly be read as six billions and thirty millions
of billions of billions of grams. :

It is already known how the masses of the
sun and various planets compare proportion-
ately with the earth; and on a chart Mr. Wet-
zel placed the result in grams, worked out on
the basis of his weighing of the earth. The
figures are staggering, :

Mr. Wetzel is now engaged in other inter-
esting and minute studies in physics, such as
an investigation by which he expects to. show
that the attraction of gravitation varies slight-

ly with different substances, and. is not abse- -
hinted at by Pro- 1
fessor Simon Newcomb before his death. Af-

ble . |

lute. This had already ben
other investigation has to do with the possit
discovery of a “gravitational insulator’—somes
thin

gravity. Still another is the attempt to -

the exact impact of 4 sunbeam.

This method 6!'* ﬁgighing’ th’é;fearth?}i.sv,ilott

new, although the result is different from-that.
obtained before, and is the first result on recs -
ord, as far as I can find, worked: out in-this - |
country. Presumably, also, it is more acéur~. |

ate, since the City College ‘apparatits is mo

delicate than any hitherto ‘ised, and has. elim- - Lo
inated or reduced »s:eyeralu-‘-p‘x;,evidus soufges of =~

error. SO

In fact, the principle employed, whic
that of the torsion balance, ‘was fi -
by an English physicist, the Rev.
at Cambridge m 1580, thoug 'efﬂfd 10t Jwe #
apply it himself. "He wa‘fsffhe,jrgf . inventor ‘of

that will teduce the attraction due o |

is" Cavendish, th'ee,-:eccen%,g?

e #® s hydrogen:

own, oh," J
. Sadie Jones’ beau! °
~ Giving her a Valentine-
4 ~hw saw yo! Tt
- Denying it, 'you know! = -

Youthful love, oh, youthful love!
What does Johnny eare?

For days he’s saved his pennies g
All all his all is there—

In Sadie Jones’ valentine,’
Which praises ‘Sadie’s hair.

Johnny Brown,

- Youthful love, oh, youthful Iove! "
What makes Sadie shy? '
Why does she turn from Johtiny Brown
With bashful, downcast eye—
"Then’ reach her little hand behind
For Johnny's rhapsody?

" That presbyter, Saint ~V}iléntine,
- Has said, on’this his. day,
" No lover-shall unto his lass

- globe of pure water. An
. carryit out can do so." There ar 50,8
000 miles in the earth, and each mile contains '

- ~.-His love in vain display—-
" No matter be she Sadie Jones
- Or Lady Robelay!

- So, send the little tokens round
 And choose, each1ad, his love;
-+ (The little, tender tokens
.- With the Cupi :
' That jolly, old-s;
_Is watching frc

S,

B

. mous, among other th

Yor the discovery of
. the composition of w

fiout of oxygen and

““elected to the ~},_Q:depl Society, the same year, and

tentist who is fa-.

Cavendish and “Michell ‘had been'

ix A suspended by a forty-inch w
'I:il\zo other larger lead balls, of twelv mch s

eter, weighing three hundred a: ity
. pounds, were used in much the same

N2y as
in the City College experiment. The whole
thing was roughly enclosed in a great case
to ‘}Fotec't it from air currents.

- Theresult arrived at by Cavendish was that
the earth was 5.45—which: was raised by later

experiments to 5.67—times as dense as‘an equal

~one who wants to

are 259,800,000,-

147,200,000,000 cubic feet. Each cubic foot of
earth averages 5.67 times the weight of a cubic
‘foot of water, and the weight of a cubic foot of
-water is about 62.5-pounds.. There’s an even-
ing’s fun if one wants to figure it out., 'Caven-
dish’s result was three-tenths of a per cent
smaller than Mr, Wetzel’s.

Several others have repeated Cavendish’s
experiment, among them being Professor Boys,
of Oxford, twelve or fifteen years ago, who
invented the quartz or silica fibre, which is
really a grain of sand spun out into incredible
Iength. Boys did not rest his apparatus on a
concrete pier as Mr. Wetzel did, and often he
had to wait three days for his balance to come

_ torest. Wetzel had to wait only seven minutes

for the balance to come to rest.

- “Boys arrived at a result of 5.527 for the
density of the earth. His apparatus was so

" delicate that once he was interrupted by an
« earthquake, thousands of miles away, which

was detected by him only because he happened
to be- weighing the earth at the time. ‘The

‘smaller thie apparatus, the better the result, it

has been: found, within certain limits, Boys
had. an apparatus less“than a centimeter in
size,” almost- microscopic. It was too small,
just:as that of Cavendish was too large and
unwieldly. That of Mt. Wetzel was designed

to ‘s}:}zvﬂ(g'-thgdhappyme’d%ij’;m.‘ it

The French professor,. Alfred Cornu, the
Bohemian, Braun;, and others have used the
torsign balance in. weighing the earth. Bailiy,
a London stockbgoker, in the‘middle of the
dast kentury-made-ever two theusand observa-
-Hions,; wsing apparatus similaf to that of Cav.
indish, in his own private laboratory. He ar-

THE THERMOMETER’S GROWTH

There are several claimants for the honor
of inventing the thermometer, among them: be-
ing Robert Floor, Cornelis van Drebbel, and
Santorio. The former has the advantage over
the two latter, it seems, though the instrument
invented by Galileo in or about the year 1579,
is undoubtedly the forerunner of all the others.

Thé early instruments were air thermeo-
scopes and could not be relied upon because
they varied with the air pressure, though the
ultimate test of all thermometers today is the
air thermometer. Galileo was the one to in-
troduce - the alcohol instrument, prabably in
1611, though the date is not definitely known,
and this was a great stride ahead, leading as it
did to the linseed oil device of Sir Isaac New-
ton, and that in turn to the mercury thermo-
meter of the present day.

The scale has always been a source of dif-
ficulty, and a satisfactory way of determining
what it should be is something that many
scientists have labored for, -with widely dif-
ferent results. The absolute zero of tempera-

ture would be a natural beginning, but this is
impracticable.

Zero is a word which comes to us from the
Arabic through the Spanish and its meaning is
literally “empty.” Its actual meaning would
therefore be utter absence of heat.  This is
sorr_xething that cannot be obtained, hence the
various points at which zero has been located.
Fahrenheit’s discovery of the fixed point at
which water boils and the point at which ice
melts—or water freezes—Iled to the scale as
we now have it,

According to Sir Samuel Wilkes, Fahren-
heit’s thermometer was constructed from one
made many years before by Sir Isaac Newton.
In 1701, Newton proposed anonymously a scale
which he used on his linseed oil thermometer.
He was at this time secretary to the Royal
Society and the paper written by him in Tre-
gard to this instrument is now in the transac-
tions of the society for that year.

The scale which we .now use is Fahren-
heit’s- elaboration of this scale of Newton’s.
‘The decimal system was not in use at that
time and Newton proposed to make the tem-
perature of freezing water zero, and that of the
blood of a healthy man twelve degrees. - Some
time after this, for the sake of convenience, the
degrees were divided into two, thus making
the body heat twenty-four degrees above zero
and the boiling point fifty-three degrees. Years
after when Fahrenheit made his mercury in-
strumeat he divided them again, this time into
fourths. That gave the boiling point two hun.
dred and twelve degrees and the body ninety-
six degrees. When he found that he could get
a lower temperature than freezing he moved
zero down, to that point, which - brought
numb to -thirty-tw

ber eight of Newton’ two de-

the -

grees of Fehrenheit.

That is the way it now
stands; - ;

Gabriel Daniel Fahrenheit ‘was born at -

Dantzic, Prussia, on May 14, 1686 From his
boyhood he was a close observer of nature, and
when only twenty-three years of age, in the re-
markably cold winter of 1709, he experimented
with snow and sal-ammonias, or common salt,
and found that he had produced a degree of
cold equal to the coldest day of that year.

As that day was the coldest that the oldest
inhabitant remembered, he immediately con-
cluded that he had discovered the lowest de-
gree of temperature known to the world, either
natural or scientific. His original scale cov-
ered one hundred and eighty degrees, with zero
midway. Above, it went to ninety degrees, or
temperate, and below it registered minus
ninety, which was the temperature of the mix-
ture of ice and salt, believed by him to be the
greatest possible cold.

The final change in Fahrenheit’s scale al-

GUESS WHO THIS IS

An unwitting caricature of 2 well-known ‘
British Columbian, by an artist who
never saw him. It was published in
Throne & Countyy, an English periodi-
-cal, and was intended as a caricature of

more American.

»

ready described was made in 1714, five years
after his famous experiment.

In 1730 Reaumur made alcohol thermom-
eters with their zero at the freezing point of
water, but they were unreliable and unequal
in their indications. Deluc introduced a mer-
cury thermometer which, with Reaumur’s
name attached, is still popularly used in Ger-
many, Holland, and other parts of Europe.

The first centesimal scale was that of Cel-
sius, adopted in 1742, but it is to the great Lin-
naeus that we are indebted for the rational
mode of reckoning known as the centigrade.
This places zero -in melting ice and one hun-
dred degrees in boiling water, and it is used
universally in laboratories and for every scien-
tific. purpose in all except English—speaking

“ countries.. It will, no doubt, ultimately become

the system in use everywhere and for all pur-
poses. The argument in its favor is that it
starts from an absolute and universal point,
which we now know as thirty-two degrees.

The Fahrenheit scale is convenient for some
work on account of the shortness of its degrees,
which makes great accuracy in recording pos-
sible, but the other is far more convenient un-
der all conditions, and its use is so general now
that it seems to be only a question of time
when it will entirely supersede the older reck-
oning.

O :
s O,

PHYSICIANS VS. SPECIALISTS

“We are living in an unfortunate age, sa
far as the work of the physician is concerned.
Not only the profession but the people want
quick action. Few are willing to wait for re-
sults of medicine, which is the only means of
restoring a perverted function. We have be-
come so crazed by the wonderful and spectacu-
lar work of the surgeon that the desire pre-
vails to have everything cut out. The family
physician has lost his job. Every one runs to
the specialist, who ofter sees many cas:?s
through a biased pair of spectacles. With all
his expert knowledge the so-called specialist
very frequently specializes with too many dis-
eases, and his treatment is liable to become
prejudicial if not empirical. ‘The. family phy-
sician—if such a man exists—is the one who
should treat these cases, for the successful re-
sult requires time and careful individualization
in each instance.”—Dr. H. V. Halbert, Chicago,
in The Clinique. e Gl -

—O0—

“Can you tell me, my boy,” said the prim
teacher, “why the race ‘is not always to the
swift?” s . G

“Yesim,” said the little boy, promptly. “It’s
because sometimes their tires bust.”—Balti-

that a plum s
- when suspended near a mountain, and he trie|

e, .

“a value of 5.66 for the density of (1.
Another observer, Harkness, made it
while Wilsing at Potsdam made i 5.50
Te€ are at least three other ways (.
ing the earth. The first man whg ever

d it was Bouguer, in 1740, He haq note(|
i d from the vertica)

three experiments, one at sea level, one te,
thousand feet high, on the platean near Quito,
Equador, and another sixteen thousand fe.,
-high, on Pichincha. Another £€xXperiment v,
-made at twenty thousand feet (above the Snoy
line), on Chimborazo, 'His experiments ;.
very faulty, but he did succeed in showing t];,
the earth as a whole was much denser than the
mountains’ on it, -

Then the British Royal Astronomer of that
day, Maskeleyne, sought to repeat the expei.
‘ment on thé mountain Schiehallion, in Pery,
- shire, Scotland, and in 1774-1776 it was done
The deviation of the plumb-line was measure|
and was found to be six minutes. Then after
careful surveys the density of the mountai,
was computed and, by the mathematical work
of Mr. Hutton, the result was secured that {],
earth was 4.5 times as dense as water. Sub-
~sequent recalculation of the density of t,
mountain gave the result 4.71.

Among others who have tried it was an Ap
erican, Thomas C. Fendenhall, once professor
of physics in the Imperial University of Toky,
and later president of Worcester Polytech;;.
Institute. He worked on Fujiyama, the sacre(|

mountain of Japan. Another American, iy
Hawaii, Erasmus Darwin Preston, tried ;.
method on Haleakala, an isolated volcano o
the island of Mauri, and also on Mauna Keg.
TFhe results are given in a table compiled by
Mr. Preston, the result for Haleakala seen-
ing to Preston to be the better.

The trouble with this method is that op.
must have an isolated mountain, else the s
rounding mountains will neutralize the pull of
the mountain being studied. Also, borings
must be made in the mountain to determine |«
character and, at best, the average density is
pretty nearly impossible to determine it
anything like accuracy. On the other hand .
lead ball, such ag used in the torsion balance
experiments, has a naccurate and uniform den.
sity. ' \

Another method was that first tried many
years ago by Airy, at Harton, England, in 2
colliery near Newcastle. Airy used an invari-
able pendulum. The principle was that th.
difference in oscillation time of the pendulun
at the surface of the earth, and one thousand
two hundred and sixty feet below at the bot-
tom of the mine, could be used to calculate the
density of the layer of the earth between the
two points.

It was recently proposed by the United
States Geological Survey to use the pendulum
method on the apex of the great Pyramid, and
then in one of the chambers at the base. Thus
by culculating the density of the pyramid, the
veight of the earth could be arrived at. Airy's
n%od is not accepted as against that of Ca:
endish, and it is believed that he himself w:-
not entirely satisfied with the results, anl
planned to repeat the experiment before L
died. It has more recently been used by Von
Sterneck. : .

But of late years, in 1891, Professor Joht
Henry Poynting, of Birmingham, has devel
oped still another method which may be de-
scribed as- almost precisely “weighing” th
earth” Poynting used actual scales an
weights of very great delicacy.

Two fifty-pound weights of lead were bal
anced on opposite ends of a rod. Then a threc
hundred-and-fiftypound weight of lead wa:
moved under one of them, just one foot belo:.
The effect was measured.

Of course, the increase in the pull down
ward on the one suspended ball of lead
very minute and it had to be carefully note
to be discovered at all. Poynting performed
the experiment in a cellar, and observed the ci-
fect by means of a telescope through the floor
of a room above. No one could walk in the
house while he was at work. Even the movino
of the three-hundred-and-fifty-pound weight
had to be subject to correction, for it tilted
the cellar floor in the proportion of one inch in
ten miles. Poynting found that the fifty-pound
weight was increased by one two-hundred-and-
fiftieths of a grain.

As Poynting put it, if all the 40,000,000 peo-
ple of Great Britain were placed in one scale-
pan, would one small boy or so make much dii-
ference? That was the difficult measurement
he had to make—a difference of one in 90,000~
000. His result was that the earth weighed
12,500,000,000,000,000,000,000,000 pounds. Mr.
Wetzel’s weight reduced to pounds would be
13,266,000,000,000,000,000,000,000, pounds — 2
mere trifling diffefence of 766,000,000,000,000.
000,000,000 pounds. In tons, the weight found
by Mr. Wetzel is seven thousand billions of bil-
lions of tons. : :

Thus there have been many scientists the
world over trying to weigh the earth, and their
results have been as various as their methods.
It all comes back to the calculation of the rela-
tive density of the earth compared with an
equal globe of water. Some get it as low as
4.5, others as high as 6.6, while the probable
truth is somewhere between. Before any of
them started to calculate it by actual experi-
ment, the immortal Newton, having laid down
his laws, gave it as his shrewd guess that the
density would be found somewhere between
five and six times th#t of the density of water.
Newton’s guiess is as good as modern observa-
u'On., & 4 ! - e - + _’
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