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D E C  2 4  1910FROM D E C
IRVING P. CHURCH, C .E .

PROFESSOR OF APPLIED MECHANICS AND HYDRAULICS.   CORNELL UNIVERSITY.
COLLEGE OF CIVIL ENGINEERING,

CORNELL UNIVERSITY.

Ithaca, N . Y ., Dec. 21 1910

Mr. A.R.Hassard
Toronto, Canada

Dear Sir:- Having read your interesting note in 
the Popular Astronomy journal describing your
observations with a 4 1/2 inch reflector which
cost only one dollar, I take the liberty of
writing you to inquire bow one can construct such 
a good instrument as yours must be at so low a 
cost.

Should you have time to write me a few
words on the matter I should be greatly indebted.

I enclose a directed envelope; but unfortunate-
ly have no Canadian stamps to send on for re
turn postage

Newtonia n or Gregorian arrangement of eye-
piece ?

Very respectfully yours



R e p r i n t e d  f r o m  P o p u l a r  A s t r o n o m y  N o . 187.

T h e  S o c ie ty  f o r  P r a c t i c a l  A s t r o n o m y .—This is the title of an 
association of astronom ical observers, which w as founded by the w riter 
early in the year 1909, but not until now well known to  the general public. 
The organization is a  society chiefly for am ateurs, and made up of am ateurs 
largely, though we arc glad a t  any time to welcome professionals who may 
care to join w ith us. I t  is our hope to  bind together in one strong society all 
of the astronom ical am ateurs in America and elsewhere, and in this way 
encourage and help to  promote am ateur work in general. Among other good 
features, this will afford an excellent opportunity  for am ateurs to  get in touch 
with one another and cooperate for a  m utual advantage.

The official organ of the Society is a little journal known as “The M onthly 
Register of the ‘S. P. A.,’ ” which has been running for over tw o years, but 
which has not, until the March, 1911, issue been printed and given wide circu
lation. and only since this issue has the organization been given any publicity 
to  speak of. This paper is  a t  present to  be published eight o r nine times a 
year; it  is contributed to  by the members of the society, and published by the 
society. I t  is hoped to  in time gain for “The Monthly Register” the reputa
tion of a paper expressly for the Amateur Astronomer, and maintained alm ost 
wholly by him. Although our little periodical has had, so far, only tw o 
printed issues, it has met w ith the most encouraging response and enthu
siasm on the p a rt of many who have seen it, and it has been spoken of as 
being “a  long-felt w ant to  the Amateur Astronomer” . We are anxious th a t  
all who are interested in the Society or in its magazine should see the la tte r, 
and I shall be glad to  send sample copies of our next issue to  as many as 
will send me their names and addresses.

The aim of the Society for Practical Astronomy is the advancement 
of, and cooperation in Practical Astronomy. We are very anxious to  
adm it many new members into this association a t  present. The only 
requirement for entrance is th a t one be a fairly regular observer who is 
willing to  contribute the results of his observations to  “The M onthly Register,” 
as often a s  possible, and the only charge for membership in the Society is the 
subscription price of the paper, which is, to  members, $1.00 per year, (to  non
members, $1 50)

Copies of the last tw o numbers of “The M onthly Register” have been sent 
very generally throughout the United States, in the hope of interesting our 
am ateurs in the Society. I extend a free and hearty welcome to  all of all my 
fellow-observers, and will be glad to  hear from any who care to  join the ranks 
of the “ S. P. A.”

The membership of our organization is now rather small, but it is 
rapidly growing. At present we have eighteen members, (m ost of these 
having been adm itted since our last March issue of the paper), but we 
expect to  have many more in the near future.  The officers of th e  
Society for Practical Astronomy are as follows: Frederick C. Leonard, Presi
dent, John E. Mellish, Secretary, Horace C. Levinson, Treasurer, Ruel W. 
Roberts, Organizer and Lecturer.

Before closing this communication, I wish to  add further th a t we w ant to 
make this one of the strongest and largest am ateur astronom ical organiza
tions i n  existence, and th a t we invite members from all over the world to  join 
our ranks; we can make this society w hat we desire to  make it only through 
the help of the many am ateurs who are so willing to  do all they can to  advance 
Practical Astronomy, therefore, let us ask them all to  join this association so 
th a t  their combined efforts may result in prom oting this sublime science to  
even a still greater degree than  formerly.

F r e d e r i c k  C .  L e o n a r d .
Director, Leonard Obs'y., 1338 Madison Pk.,

Chicago, Ill., June 17.



T H E SOCIETY FOR P R A C T I C A L  A S T R ON OM Y,
FREDERICK C. LEONARD, President,

1338 MADISON PARK, CHICAGO, ILL.
1912, Jan .  20.

A. R. Hassa r d , Esq.,

Toronto, Can.

Dear S i r : - -

R efe rr ing  to yours of th e  19th i n s t . ,  I an i n c lo s in g  a de s e r i p t 

iv e  c i r c u l a r  t e l l i n g  about the  S. f o r  P. A. Although th e  c i r c u l a r  i s  

somewha t  o u t - o f - d a t e ,  y e t  i t  w i l l  g ive  you a g e n e ra l  i d e a  of the  n a t 

ure  of our work i n  t h i s  o r g a n iz a t io n .  At p re se n t ,  we have nea r ly  60 

members l i v i n g  i n  a l l  p a r t s  of the  U. S . ,  in  Canada, England,  Rouman- 

i a ,  I t a ly ,  New Zealand, A u s t r a l i a ,  and the P h i l ip p in e  I s .  A new f e a t 

ure i n  t h i s so c ie ty  i s  the  "Observing Sections" to  encourage s y s tem a t 

i c  o b se rv a t io n  among the  members  of the Socie ty ;  we have e ig h t  o b s e r 

ving s e c t io n s ,  one f o r  every branch of o b s e rv a t io n a l  as tronomy.

Our paper ,  The MONTHLY REGISTER, has been p r in te d  ever s in c e  l as t  

March; i t  i s  the  only o f f i c i a l  jo u rn a l  of the  a s s o c i a t i o n  and i s  d e 

votee e n t i r e ly  to the  i n t e r e s t s  of the  amateur as tronorner. I w ill t a k e  

p le a s u re  i n  see ing  th a t  you g e t  a sample copy of th e  next i s s u e  of 

our magazine, a f t e r  i t  comes o u t .

T rus t ing  you w i l l  ca re  to j o i n  our s o c i e ty ,  I am,

F C L -L



WHAT WE KNOW ABOUT THE SUN
BY P R O F E S S O R  T.  J. J. S E E

o f  t h e  N a v a l  O b s e r v a t o r y , M a r e  I s l a n d

I

W H A T  T H E  M O S T  R E C E N T  O B S E R V A T I O N S  A N D  D I S C O V E R I E S  

H A V E  R E V E A L E D  AS T O  T H E  N A T U R E  O F  T H E  G R E A T  C E L E S T I A L  

B O D Y  O N  W H O S E  L I G H T  A N D  H E A T  L I F E  O N  O U R  E A R T H  

D E P E N D S  — H O W  L O N G  W I L L  T H E  S U N  L A S T ?

T probably does not occur to a child, 
or even to the average man or

woman, that every star which we behold 
in the firmament on a clear night is a 
flaming globe of the same order of size 
and mass as our sun. Yet this extraor
dinary result has been established by 
astronomical measurement, and is proved 
beyond doubt by several independent 
lines of investigation, all of which are 
based on exact methods.

To know the intrinsic brightness or 
light-giving power of a star, we have 
to measure its parallax, which gives the 
number of times its distance exceeds 
that of our sun. The great German as
tronomer, Bessel, of Konigsberg, first 
measured the parallax of a star in the 
year 1838, choosing for this purpose the 
double star known as 61 Cygni, one of 
our nearest neighbors in the sidereal uni
verse.

The intensity of light varies inversely 
as the square of the distance. Accord
ingly, when the distance of a star, i s  
known it is easy to compare its l ig h tly  
that of our sun, if the relative amounts 
of light given by the. sun and star have 
been found by exact photometric meas
urement. So far as our knowledge goes 

f at present, the nearest of the fixed stars 
is Alpha Centauri, a double body in the 
southern hemisphere, with two equal 
deep-yellow components, each of about 
the same brightness and mass as our 
own sun. The distance o f  Alpha Cen
tauri is two hundred and seventy-five 
thousand times the sun’s distance, and 
its mass has been calculated from the

time of revolution of the companion, 
which moves in an orbit larger than 
that of the planet Uranus, and com
pletes a revolution in eighty-one years.

OUR STUDY OF T H E  DOUBLE STARS

It is only in the case of binary sys
tems that we know the mass of any star. 
When the parallax is known, and we 
can find the  dimensions of the orbit 
compared those of our planets, the 
time of revolution, according to Kep
ler’s law, gives the attraction exerted by 
one body on the other, and hence the 
mass of the system compared to that of 
the sun and earth.

Another neighboring star of great in
terest is Sirius, the great dog-star, which 
the Greeks and Romans described as 
red in ancient times, but which has 
since changed its color to a brilliant 
white. It is half a million times far
ther away than our sun, and gives about 
sixty times as much light. This star is 
also a binary system, the principal com- 
ponent having twice the mass of our sun. 
The companion is extraordinarily dark, 
being half as large as the chief star, 
but giving only one-ten-thousandth part 
as much light.

The star of greatest intrinsic bright
ness yet known is the great southern 
star, Canopus, which is estimated to out
shine a thousand suns as bright as ours. 
It is just visible in our Southern States.

T H E  LORD OF T H E  SOLAR SYSTEM

From these illustrations it will be 
seen that our sun is not a conspicuous
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star in the Milky Way; yet it is of re
spectable mass and brightness, perhaps 
about an average of all the stars so far 
investigated. For us, however, the sun 
is the all-important body, the centre  of 
the solar system, which it lights and 
dominates with more than autocratic 
sway. It has seven hundred and forty- 
six times the mass of all the planets 
combined, and three hundred and thirty 
thousand times the mass of the earth.

The distance of the sun is about 
ninety-two million miles— as much as a 
rapid train, traveling day and night, 
could traverse in about two hundred and 
fifty years. Its diamete i s  about eight 
hundred  and sixty thousand miles, so 
that the train might run a whole year 
without traversing the distance from 
the sun’s surface to its cente r .  These 
figures give us some idea of the great 
luminary’s amazing size, and yet it is 
so far away that it appears small when 
we behold it in the sky.

Since the sun is so immense, and all 
heat, light, life, and motion upon the 
earth depend upon its radiation, is it any 
wonder that many nations of antiquity 
worshiped the glorious orb of day as a 
god?

Though our sun is the center of the 
planetary system, it is not fixed, but 
moves like other stars, the path of the 
entire system being directed toward the 
constellation Hercules. This motion of 
the solar system was discovered by Sir 
William Herschel, more than a century 
ago, and has since been confirmed by a 
number of astronomers working by va
rious methods. At present, Professor 
Campbell, of the Lick Observatory, is 
reinvestigating the solar motion by 
means of spectroscopic observations of 
stars taken in both hemispheres. A 
branch observatory at Santiago, Chile, 
is generously maintained for this pur
pose by D. O. Mills, of New York. The 
work promises to be of great importance 
to astronomical science.

THE CAUSE OF THE SUN’S HEAT

The ancients considered the universe 
to be made up of four elements— water, 
air, fire, and earth; and the sun was re
garded as a globe of fire. It was not 
till the year 1854 that the theory of the 
sun’s heat was established on a correct

basis. At that date Helmholtz showed 
that the energy radiated away must be 
derived mainly from the potential en
ergy given up by particles in falling 
toward the sun’s center under the force 
of gravity. The sun’s attraction is 
twenty-eight times that of terrestrial 
gravity, and this powerful force acts 
upon a mass three hundred and thirty 
thousand times that of the earth. The 
result is the development of correspond
ingly enormous mechanical power in the 
condensing mass of the sun.

On the earth, one pound of water has 
to fall th r o u g h  seven hundred and 
seventy- t w o  feet in order t o produce 
enough heat to raise the tempcrature one
degree Fahrenheit. On the sun, the
same heat would be developed by a fall 
through only about twenty-eight feet. 
The cause of the development of so 
much heat in the sun is therefore 
obvious.

HELMHOLTZ AND HIS SUCCESSORS

Helmholtz showed that if the sun be 
of uniform density throughout, the con
densation under gravity would produce 
enough heat to raise the temperature of 
an equal mass of water about twenty- 
seven million degrees centigrade. As it 
was shown by Pouillet’s experiments on 
the sun’s radiation that enough heat is 
lost in a year to cool an equivalent 
aqueous globe one and one-quarter de
grees centigrade, it follows that all the 
heat produced in the condensation of the 
sun would only last some twenty million 
years if the radiation continued at the 
present rate throughout that period.

Helmholtz’s theory of the sun has 
since been materially extended by Lane, 
Ritter, Lord Kelvin, Perry, and the 
writer, all of whom treat the sun’s body 
as entirely gaseous. Lane first suggested 
that the intense heat operating in this 
flaming globe might split up the solar 
molecules into single atoms; and the re
sulting monatomic theory has recently 
been extended by the writer. The pres
ent state of our knowledge of the sub
ject may be summed up as follows:

On the basis of known laws and exact 
mathematical methods, it is proved that 
the density at the sun’s center is exactly 
six times the mean density, which is one 
and two-fifths times that of water, ma-



WHAT WE KNOW ABOUT THE SUN 519

king the central density about eight and 
a half—slightly exceeding that of iron. 
In the outer part of the sun’s mass the 
density is so slight as to be almost im
perceptible. At the surface of the pho
tosphere the gas is much rarer than 
atmospheric air, so that the radiation 
from below is driven bodily through 
the overlying layers with no more loss 
than the sun’s rays suffer in passing 
through the earth’s atmosphere on a 
clear day. Even at a depth of one-tenth 
of the distance to the center, the sun’s 
density is only one hundred and fifty 
times that of atmospheric air, and the 
intense heat and dazzling glare of light 
would pass through such a medium al
most unobstructed. Hence, we see that 
the heat is supplied by direct radiation, 
like the sunlight in passing through our 
own atmosphere, and not by “ convec
tion currents,” as was formerly stated in 
numerous text-books.
T H E  THEORY OF CONVECTION CURRENTS

In the older theory of convection cur
rents, it was supposed that a current 
made up of gases which had been 
chilled by exposure to the cold of space 
sank down into the sun’s globe, while 
hot currents came up side by side to 
bring forth the new supply of heat re
quired to maintain the dazzling bril
liancy of that body’s surface. This 
would imply that the sun’s mass is 
everywhere divided into a system of 
double tubes, as it were, with hot mat
ter ascending in one and cold matter 
descending in the other. But the pres
sure throughout the sun is enormous, 
and the friction of these supposed an
tagonistic currents would be so great 
that we now believe no such artificial 
convective system to be possible. Direct 
radiation does away with all this com
plicated machinery.

I have calculated by rigorous proc
esses the average rigidity of all the lay
ers of the sun, and have shown that the 
mean rigidity exceeds that of nickel- 
steel more than two thousand times. 
The interior of the sun, it may be in
ferred, is undisturbed by the explosions 
of its outer layers. The immense 
tongues and sheets of flame which as
tronomers see rising above the sun’s sur
face are carried upward, partly by ex

plosive forces, and partly by the repul
sion of the sun’s light acting on the 
small particles of which these promi
nences, as they are called, are composed.

The repulsion of small particles by 
waves of light was predicted by Clerk 
Maxwell from mathematical considera
tions about 1873, but it was not till a 
few years ago that the prediction could 
be actually verified by laboratory ex
periments with a radiometer. The effect 
of this light repulsion is seen in the rays 
of the corona during a total eclipse; 
and the same cause is always powerfully 
active at the sun’s surface, where much 
fine matter is suspended, as it were, the 
repulsion of the sun’s light just bal
ancing the enormous force of gravity 
tending to draw the particles back into 
the flaming globe beneath. These ef
fects have been especially studied by the 
famous Swedish physicist, Arrhenius, 
whose work ought to be of great value 
to us in the future study of the sun.

WILL THE SUN DIE OUT?

Returning now to Helmholtz’s theory 
of the sun’s heat, we may remark that 
it has recently been shown that the in
creasing density toward the center of the 
body increases the total production of 
heat throughout all past ages by forty- 
three per cent above the figure calcu
lated for the simple case of uniform 
density. . This would raise an equal 
mass of water to forty million degrees 
centigrade, instead of twenty-seven mil
lion, as estimated by Helmholtz in 1854.

Moreover, extending a theorem first 
derived by Ritter, I have proved that 
more than half of the sun’s heat from 
the beginning is still stored up in its 
flaming globe, and thus made available 
for radiation through future ages. This 
accumulated heat, in connection with 
that yet to be produced by future con
traction, assures us a future supply of 
energy three times as great as that re
quired for the whole past activity of the 
sun. So far from approaching extinc
tion, therefore, our sun is still in its 
youth, with the zenith of its glory far 
in the future. We need have no fear 
that it will soon die out and leave our 
world cold and wrapped in the darkness 
of everlasting night.

From the known rate of the sun’s ra-
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diation, as measured by Langley, we 
seem absolutely assured of a future 
duration of at least thirty million years; 
and if the radiation be at a smaller rate, 
it may amount to no less than three 
hundred million years. In any case, the 
sun’s future is to be estimated only in 
periods representing immeasurable ages, 
and we may confidently conclude that 
the end of the progress of mundane 
development is not in sight.
THE VAST OUTFLOW OF LIGHT AND HEAT

Assuming that the sun is made up of 
single atoms, I have calculated that the 
annual shrinkage of the radius is 
seventy-one meters, or two hundred and 
sixteen feet; at this rate, the alteration 
in the sun’s diameter would just become 
sensible to the naked eye in a million 
years. This small descent of the sun’s 
matter toward the center keeps up all the 
enormous outflow of light and heat 
which warms the earth and other mem
bers of the planetary system. It would 
melt a layer of solid ice all over the 
sun’s globe about fifty feet thick per 
minute.

The energy given out each minute by 
each square meter of the sun’s surface 
would be capable, upon our earth, of 
lifting a ton to a height of about three 
hundred and thirty miles; which affords 
us an idea of the enormous work done 
by the sun each day that he illuminates 
the earth. And such are the wonderful 
laws of the sun’s activity that his glo
rious light will shine throughout the 
coming millions of years with undimin
ished splendor, and with the steadiness 
and uniformity required for the pres
ervation of life upon our planet An 
interruption of the sun’s radiation for a 
few days would give the earth an arctic 
aspect; in a few weeks our lakes and 
rivers would freeze over, and before 
many years had elapsed even the oceans 
would have frozen solid, and all life 
upon our globe would be at an end.

THE RADIUM HYPOTHESIS

Since the discovery of radium, many 
physicists have supposed that it might 
exist in the sun and stars, and might add 
greatly to the radiative vitality of these 
luminous masses. But this now seems 
more than doubtful. Radium is not yet

understood, though it appears to be a 
temporary form of matter, decaying in 
some twenty thousand years. In a re
cent letter to the London Times, Lord 
Kelvin reiterated his belief in the gravi
tational theory of solar energy. A simi
lar conclusion had been previously 
reached by the writer. So far as we 
can now see, there is no evidence that 
radium is an important cosmical agency. 
It is proved to exist in the earth’s crust 
in large quantities, yet it does not pro
duce eruptions of volcanoes, nor any 
similar phenomena, and seems generally 
to be in a dormant state. We must, there
fore, explain the light and heat of the 
stars by the force of gravitation acting 
upon gaseous matter reduced by intense 
heat to the state of single atoms.

It is the storage of heat in the sun 
and stars that gives them their intense 
brilliancy. If there were not a secular 
process of accumulation the temperature 
of the heavenly bodies would not rise, 
and the unspeakable glory of the star
lit firmament on a clear night would be 
replaced by the monotony of impene
trable blackness.

THE PHENOMENA OF SUN-SPOTS

Let us now consider the sun’s surface. 
The spots that are so prominent a fea
ture of it were first discovered by Gali
leo, in the year 1610, soon after the in
vention of the telescope. They have been 
diligently studied by many astronomers 
of the past three centuries, but are not 
yet fully understood. Galileo noticed 
that they appear to revolve in about 
twenty-eight days, and correctly inferred 
that the sun rotates on its axis in that 
period. Others have since studied their 
movement much more in detail, and 
have found that the equatorial region of 
the sun’s surface rotates more rapidly 
than the regions about the poles. The 
swifter motion of the equatorial zones 
gives rise to whirlpools, or vortices, in 
higher solar latitudes, and no doubt the 
spots depend in some way on these dif
ferences in velocity of rotation.

Dr. W. E. Wilson, in Ireland, seems 
to have proved that the spots are hotter 
than the average of the solar surface. 
As seen against the bright background 
of the photosphere, they look dark, and 
they were formerly supposed to be
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cooler than their surroundings, but this 
view is now abandoned.

We often hear prophecies of the bale
ful influences exerted by great sun-spots, 
which are supposed to portend all sorts 
of disasters, from the failure of crops 
to the production of earthquakes. Of 
course, there is not the slightest founda
tion for any such alarms. The regions 
about the spots are proved by the re
searches of Mr. Maunder, of the Royal 
Observatory at Greenwich, to disturb 
the magnetism of the earth, as if some 
electric charge was being driven from 
certain regions of the sun to our globe; 
but beyond slight tremors of the mag
netic needle, no ill effects can be 
ascribed to sun-spots. The disturbance 
of the earth’s magnetism is probably due 
to electrically charged streams of fine 
particles of matter expelled from the sun 
through which the earth passes at certain 
times.

About 1840, the spots were found, by 
Schwabe, of Dessau, to be periodic, and 
their period has since been fixed at about 
eleven years. At one time they become 
so numerous that there is a maximum, 
at another they fall off till there is a 
minimum; but the cause of their 
changes remains unknown. Nor have

we yet been able to trace to these varia
tions any climatic disturbances of meas
urable magnitude.

THE WATCHERS OF THE SUN

The greatest mechanical aid in study
ing the surface of the sun is photogra
phy, which enables the investigator to 
record solar phenomena with accuracy 
and rapidity. The sun is now photo
graphed on every clear day at many 
observatories— Greenwich, South Ken
sington, Potsdam, Meudon, Washington, 
the Yerkes Observatory, Mount Wilson 
(California), Madras, and other places. 
Some of the pictures are six inches in 
diameter, so that all the spots and other 
irregularities on the solar surface are 
clearly shown.

From the foregoing brief account it 
will be seen that steady progress has 
been made in the study of the sun, and 
that the discoveries of our time compare 
with those of any former age. Yet 
much more remains to be done, and it is 
gratifying to find that many earnest in
vestigators are devoting their energies 
to those solar phenomena which are so 
intimately connected with the conditions 
required by the life of men, animals, and 
plants upon our globe.

THE LIGHT BEYOND

S w eetheart , g o o d  n ig h t!
The day’s long hours are past,
And twilight shades, at last 
Closing around us fast,

Shut out the light.

Sweetheart, good night!
The winds of autumn sigh,
And from her throne on high 
Through cloud-rifts in the sky 

The moon shines bright.

Sweetheart, good-by!
The summer days are dead,
The trees their foliage shed,
And where our footsteps tread 

The red leaves lie.

Good-by awhile!
The light will dawn at last 
On hearts in love bound fast,
And o’er the buried past 

Heaven yet may smile!
Eugene C. Dolson



R A T

BY HARVEY WICKHAM

I L L U S T R A T E D  BY G E O R G E  W R I G H T

SE E IN G  the reward of his tireless 
patience, Gidman gave a grunt of 

satisfaction. Long, bristling hairs that 
had trembled at the mouth of unguessed 
labyrinths in the corner were being fol
lowed by a sensitive nose and a pair of 
beady eyes as a drab shadow stole across 
the floor.

“ Come here, R at! " he called.
His voice, stiff from disuse, was gruff, 

and even the hollow response of the cell 
seemed lethargic and unwilling. It was 
at least a year since man had spoken 
there.

The rat, exhausting its last atom of 
courage in a dash for the outstretched 
palm, was gone before the echo. The 
unwonted sound had startled it like a 
closing trap, but even fright could not 
snatch the bit of cheese it lugged val
iantly away.

Left alone, Gidman finished his morn
ing’s platter of food— a quarter-loaf of 
bread, some curd, and a tin of tepid 
coffee— eating with surly haste. Yet, 
as he thought of the tiny thief that had 
risked its neck for a titbit, a smile strug
gled with his heavy lips. Such greed 
and enterprise insured a return.

Breakfast over, he began to watch the 
sun-disks which the window-bars mul
tiplied in vague symmetry upon the wall. 
What ailed the man? Years ago he had 
learned to turn his back to the light 
when brooding upon his plans. Now, 
it was an hour before the brain took up 
the thread, to weave and unravel and 
weave again its terrible web.

Gidman’s musings were interrupted 
when he became aware of something 
forgotten. Shuffling to the wall, he 
carefully counted a series of short up
right lines that had been scratched upon

the moldy planks. Then he counted a 
much longer series of crosses, extending 
to the left and half-way round the cell. 
There could be no mistake. He had 
neglected the first duty of the day—  
which was to convert one of the straight 
lines into a cross. This work hastily 
performed with an uncut thumb-nail, 
thirty uncrossed lines remained. They 
were his calendar, marking the approach 
of coming release.

When new to the cell, he had found 
absorbing occupation in making this 
measurer of his punishment. He had 
counted and recounted, so as to preclude 
error. Eight times he drew three hun
dred and sixty-five straight lines upon 
the planks, and though he could not 
multiply, he was certain of the result. 
In the friendless darkness he had deter
mined what would happen when the final 
cross was drawn. First would come the 
long walk to Chilquias, taking his first 
day of liberty. There he would make 
inquiries— would find Rosenthal. And 
then- - - - ?

For twenty years— from the day his 
mother had turned him from the hovel 
where he had caught his first unblessed 
glimpse of the light to the time that a 
misguided judge had saddled him with 
another’s crime— the material had been 
gathering for the answer. In the lone
liness of a Mexican frontier prison the 
answer had been articulated.

Crossing out the line which Rat had 
so nearly led him to forget, Gidman re
sumed his routine. . He caught hold of 
the grating of the narrow window and 
crept time after time up the side of the 
cell, his bare feet clinging to the planks, 
giving him the semblance of a monstrous 
spider, his biceps knotting, his hands—



TAIL OF COMET 
WILL BRUSH EARTH

Prof. Burkholter Predicts 
Dazzling Display of Fire
works For Pacific Coast.

ASTRONOMERS TO GATHER

Preparing to Witness Phenomenon 

Which Will Occur Next May—  

Decline to Discuss Results.

O a k l a n d ,  C a l . ,  J a n .  4 . - H a l l e y ' s  
c o m e t  w i l l  g i v e  t h e  P a c i f i c  c o a s t  a  
c l o s e  b r u s h  t h i s  y e a r  o n  M a y  1 8 ,  b e 
t w e e n  t h e  h o u r s  o f  4  a n d  1 0  o ’ c l o c k  
p . m . ,  a n d  t h e  " b r u s h ”  w i l l  b e  s o m e 
t h i n g  s p e c t a c u l a r ,  s a y s  P r o f e s s o r  
C h a r l e s  B u r c k h a l t e r ,  o f  t h e  C h a b o t  
o b s e r v a t o r y ,  b e c a u s e  t h e  e a r t h  w i l l  
p a s s  t h r o u g h  t h e  l a s t  t h i r d  o f  t h e  
2 0 , 0 0 0 , 0 0 0  m i l e  t a i l  o f  t h e  c e l e s t i a l
v i s i t o r ,  a n d  t h e  r e s u l t  o u g h t  t o  b e  a s  
d a z z l i n g  a  p i e c e  o f  h e a v e n l y  f i r e w o r k s  
a s  t h i s  g e n e r a t i o n  e v e r  w i t n e s s e d .

T h e  n e w s  t h a t  H a l l e y ' s  c o m e t  w i l l  
b e  s e e n  o n l y  o n  t h e  P a c i f i c  c o a s t  h a s  
n o t  h i t h e r t o  b e e n  g i v e n  o u t ,  a l t h o u g h  
t h e  f a c t  h a s  b e e n  k n o w n  f o r  s o m e  t i m e  
t o  t h e  a s t r o n o m e r s  o f  t h e  w o r l d ,  m a n y  
o f  w h o m  w i l l  j o u r n e y  t o  C a l i f o r n i a  t o  
b e  o n  t h e  s c e n e  w h e n  t h e  g r e a t  p h e 
n o m e n o n  t a k e s  p l a c e .

I n  d i s c u s s i n g  t h e  c o m e t  t h e  O a k l a n d  
a s t r o n o m e r  s a y s ;  “ A s t r o n o m e r s  C r o -  
m e l i n  a n d  C o w e l l ,  o f  t h e  r o y a l  o b s e r 
v a t o r y  a t  G r e e n w i c h ,  h a v e  p r o b a b l y  
m a d e  t h e  m o s t  e x h a u s t i v e  r e s e a r c h e s  
i n t o  t h e  h i s t o r y  o f  t h e  c o m e t .  T h e y  
h a v e  w o r k e d  f r o m  a  m a t h e m a t i c a l  
s t a n d p o i n t  i n  o r d e r  t o  c a l c u l a t e  i t s  
p e r i o d s — a  p e r i o d  b e i n g  t h e  t i m e  i t  
t a k e s  f o r  a  c o m e t  t o  t r a v e l  f r o m  t h e  
p o i n t  n e a r e s t  t h e  s u n  t o  c o m p l e t e  i t s  
o r b i t  a n d  t o  r e t u r n  t o  i t s  o r i g i n a l  
s t a r t i n g  p o i n t .

Good O bservations Possible.
" T h e  c o m e t  i s  v e r y  n e a r  t h e  c a l c u 

l a t e d  p o s i t i o n  a t  t h e  p r e s e n t  t i m e ,  a n d  
t h e r e  i s  n o  r e a s o n  f o r  b e l i e v i n g  t h a t  
t h e  w o r k  o f  C o w e l l  a n d  C r o m e l i n  w i l l  
n e e d  m u c h ,  i f  a n y ,  r e v i s i o n .  I t  i s  u n 
f o r t u n a t e  t h a t  t h e  s u n  w i l l  b e  r a t h e r  
l o w  b u t  i t  w i l l  s t i l l  b e  o f  s u f f i c i e n t  
a l t i t u d e  t o  m a k e  g o o d  o b s e r v a t i o n s  
p o s s i b l e  S h o u l d  t h e  t r a n s i t  t a k e  p l a c e  
a s  p r e d i c t e d ,  i t  w i l l  l a s t  a b o u t  a n  h o u r ,  
a n d  s h o u l d  t h e  c o m e t  c r o s s  t h e  s u n ’ s  
d i s c  c e n t r a l l y  i t  w i l l  g i v e  t h e  v i s i t i n g  
a s t r o n o m e r s  a  s p l e n d i d  o p p o r t u n i t y  t o  
s t u d y  a  c o m e t  u n d e r  t h e  m o s t  f a v o r 
a b l e  c o n d i t i o n s .

" A n o t h e r  f e a t u r e  o f  t h e  v i s i t  l i e s  i n  
t h e  f a c t  o f  t h e  n e a r n e s s  o f  t h e  c o m e t  
t o  t h e  e a r t h ,  a  d i s t a n c e  o f  1 4 , 0 0 0 , 0 0 0  
m i l e s .  A s  t h e  t a i l  o f  t h e  c o m e t  s h o u l d  
b e  a b o u t  2 0 , 0 0 0 , 0 0 0  m i l e s  l o n g ,  a n d  
p o i n t i n g  d i r e c t l y  a w a y  f r o m  t h e  s u n ,  
i t  w i l l  d o u b t l e s s  b e  e n c o u n t e r e d  b y  t h e  
e a r t h ,  b u t  o n  t h a t  p o i n t  I  h a v e  n o t h i n g  
t o  s a y . ”

T h e  a s t r o n o m e r  i n s i s t s  t h a t  h e  h a s  
" n o t h i n g  t o  s a y "  a b o u t  s o  d r a m a t i c  a  
s i t u a t i o n ,  f r a u g h t  n o t  o n l y  w i t h  a w e 
i n s p i r i n g  p o s s i b i l i t i e s  t o  t h e  d w e l l e r s  
o f  t h e  g l o b e ,  b u t  f r a u g h t  a s  w e l l  w i t h  
p o s s i b i l i t i e s  o f  t r a g i c  m o m e n t .  W h e 
t h e r  o r  n o t  t h e  e a r t h ’ s  d i v e  t h r o u g h  
t h e  c o m e t ' s  t a i l  w i l l  m e a n  a n y t h i n g  
m o r e  t h a n  a  d a z z l i n g  s t a r r y  s p e c t a c l e  
P r o f e s s o r  B u r c k h a l t e r  w i l l  n o t  p r e 
d i c t .  H e  o n l y  s a ys; “ W a i t  a n d  s e e . "

L U N A T I C S  C U T  L O O S E











































































































2 4  1908 C A R N E G I E  I N S T I T U T IO N  O F  W A S H I N G T O N

M O U N T  W I L S O N  S O L A R  O B S E R V A T O R Y

p a s a d e n a , C a l i f o r n i a

September 19, 1908.

Hr. A. R. Hassard,

Federation Life Bldg.,
Toronto, Canada.

My dear Sir:

I have your letter of September 10th in regard to your 9-1/2-inoh mirror. 

Your information concerning the appearance of the eye-piece image given by a 
paraboloid inside and outside of the center curvature is entirely erroneous; it 

is only with the spherical mirror that this appearance should be the some in

side and outside. My advice to you is to abandon the full sized tool cut out 
to give an excess of action at the center, make a full sized normal tool (that 
is, with equal squares of pitch or rosin all over) and bring the surface back 

to a perfectly spherical one. This, of course, you can test easily. Then 
make a tool 4 inches in diameter for parabolizing. The actual time of rubbing 
required to parabolize your 9-1/2 spherical mirror with such a tool should not 

be more than half an hour of light rubbing, although, of course, you will have 
difficulty in distributing the rubbing oorrectly in the different zones. We 
recently had an 8-1/2-inch mirror to parabolize here, and this was accomplished 

by one of our young boys (after the perfect spherical surface was obtained) 
in exactly 15 minutes of actual rubbing with a 3-1/2-inoh diameter paraboliz
ing tool. This rubbing was distributed over three runs of 5 minutes each, 
hanging the glass up and allowing it to stand for two hours in the intervals, 
so as to be sure that it came back to normal figure after each 5 minute's work, 

and then measuring the zones carefully. We took straight strokes across the 

center at first, then gave more and more side throw for the remaining time, 

so that the tool worked on long chords instead of on the diameters of the
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Mr. Hassard, 2.

You should understand that everything depends upon the optical tests of 

the successive zones, unless, indeed, you have a full sized plane mirror to 

test your parabola in the manner described in my Smithsonian book published 
in 1904. It is folly to expect to obtain a perfect parabola without one or 
the other of these tests. In testing the 8-1/2. inch we made three diaphrams, 

one exposing a central 3-inch circle, another a zone 1/2 inch wide around the 
edge, and a third intermediate. You will probably have to bring your mirror 

back to a spherical surface several times with your full sized normal tool 

before obtaining a figure in which these zones will measure exactly as they 

should. You will find the formula for this also in my Smithsonian book.

Very truly yours,

P. S. Do not hesitate to write me again if I can give you any further advice,

C A R N E G IE  IN STITUTIO N O F  W A S H IN G T O N

M OUNT W ILSO N S O L A R  O B S E R V A T O R Y  
P A S A D E N A , C A L IFO R N IA

Mr. A. R. Hassard,

Federation Life Bldg.,

Toronto, Canada.

























































































































































































































C A R N E G I E  I N S T I T U T I O N  O F  W A S H I N G T O N

M O U N T  W I L S O N  S O L A R  O B S E R V A T O R Y

P A S A D E N A .  C A L I F O R N I A

October 16th, 1908

Mr. A. R. Hassard,

Confederation Life Building,
Toronto, Canada.

Dear Mr. Hassard:-

I have your letter of September 20th, and regret not having 
been able to answer sooner. I think you have a somewhat mistaken idea of 
the testing: if you will imagine your mirror to be a surface of revolution 

illuminated by light shining tangentially along its surface, from the right, 

(your knife edge, advancing from the left), you will readily see how the lights 
and shades due to the zonal surface should appear. A bright arc is always 

the illuminated slope of a high ring, and a dark arc is the unilluminated 
slope of such a ring. It is an entire mistake, in general, to say that a 
bright area is necessarily high and a dark region necessarily low.

I remember your stating in a previous letter that you had read so many 
articles on the subject that you were entirely at sea. I do not wonder that 
this is the case, if you depend upon such information as is published in the 
English Mechanic, for example. If you get a standard work on the subject, 

such as Draper's and my own (published by the Smithsonian Institution in 1894), 
you will loam far more than I can possibly tell you in a letter.

I remain,
Yours very truly

Supt. of Instrument Construction

















































































LETTERS TO THE EDITOR.
W e do not hold ourselves responsible for the opinions o f  

our Correspondents. The Editor respectfully requests that a ll  
communications should be drawn up as briefly as possible.]

A ll com m u nication s should  be a d d re s se d  to  the  E d i t o r  o f  
th e E n g l i s h  M e c h a n i c ,  C lem ent's  H ouse , C lem en t's In n  
P assage, S tr a n d , L o n d o n , W .C .  

In  o rd e r  to  fa c il i ta te  r e ference, C orresp o n d en ts , when  
s p ea k ing of  a n y  le tte r  p re v io u s ly  in serted , w il l  oblig e by  
m entioning the n um ber o f  the L e tte r , a s  w e ll a s  the p a g e  on 
whi ch it appears.

" I would have everyone write what he knows, and as 
much as he knows, but no more; and that not in this 
only, but in all other subjects : For such a person may 
have some particular knowledge and experience of the 
nature of such a person or such a fountain, that as to 
other things, knows no more than what everybody does,
and yet, to keep a clutter with this little pittance o f his 
will undertake to write the whole body of physicks ; a vice 
from whence great inconveniences derive their original.” 
— M on ta ign e's E s s a y s .

G R IN D IN G  A N D  P O L IS H IN G  M IR R O R S .
[361.]— “O urs" has contained many articles 

on  the making of astronomical telescopes, 
principally reflectors. Yet there seems to have 
been much that was of interest left unsaid. 
Having had some experience with this work, I  
take the liberty of making a few suggestions. 
Where the work is being done by hand, the 
grinding and polishing of the mirror is usually 
a tedious process. In  my work, I  much reduced 
the difficulty by doing the grinding and 
polishing on a small wooden stand, whose top 
was able to revolve. A small wooden table, on 
top of which, a. piece of plank, 2in. thick, and 
10in. or 12in. square, is pivoted in any con
venient way, will answer. The plank in my 
case was of pine. On this I  fastened the under- 
glass or tool; any method of fastening will do. 
The method I adopted was to nail near the 
edges four small pieces of wood, slightly lower 
than the tool, and, having laid the tool within 
them, wedge the tool in with small wedges of 
wood. These held the tool very firmly. Then I  
seated myself during the whole operation, and 
during the grinding and polishing I  kept the 
pivoted top of the table revolving as much as 
I  could. This wholly dispensed with the 
arduous task of constantly travelling round the 
tool’s support.

Ther e i s  not another feature which has been 
given little, if any, prominence, and which, if 
more generally known, would also very much 
reduce labour, in the grinding process particu
larly. During the coarse grinding, which should 
always be done with carborundum, the greatest 
possible pressure, consistent with the nature o f  
the material (glass), should  be applied down
wards to the portion of the mirror proiecting 
over the tool. I f  this he not done, it will take 
ages to produce the concavity. The motion of 
the one glass over the other will produce a 
slight concavity, in the nature of things, by the 
simple operation of the rubbing; but to hasten 
the deepening of the concavity, it is necessary 
to expend pressure on the projecting part of 
the mirror at all times. Let the worker place 
his two hands on ton of the mirror, with the 
thumbs around the handle in the centre, and 
with the fingers outstretched until they come 
close towards the edge of the mirror remote 
from his body. Then, as he pushes the mirror 
away from him, let him exert great downward 
pressure on the side or edge of the mirror 
remote from him with the ends of his fingers: 
all the pressure, in fact, that he can use, and 
the deepening of the cavity will be a very rapid 
operation. I  did not know this when grinding 
my first 9½in. mirror, and, as a result, I  was 
probably fifty hours in reaching the proper 
depth. Meantime, my mirror had been wearing 
fast away, and during the coarse grinding was 
reduced from 1 ¾ . to about ⅞in. in thickness. 
The fear which had filled me, lest I  might do 
anything to cause flexure in the glass, pre
vented me exerting any pressure on it what
ever. There is very little danger of flexure, in 
my judgment, in the use of the glass of modern 
days. Nor is the vast thickness formerly recom
mended, a supreme essential. We have a man 
in Toronto who made a 1 0 ½ . mirror out of 
plate glass ⅜in. thick. An inch thick, and even 
thinner, for a mirror up to about 10in. in 
diameter, providing it be properly supported, 
should be very satisfactory.  A young friend of 
mine out in Wisconsin is proposing to make a 
mirror of 15in. diameter out of glass 1 ½ .

Two of my 9½in. mirrors are 1¼in. and 
⅞n. in thickness.

Carborundum will excavate a 9½in. mirror of 
82in. focus in about, four hours by adopting the 
plan indicated.  Whenever sufficient of the car
borundum has been used to render it necessary 
to wash off the tool and the speculum, which 
may be either each time new carborundum is 
applied, or once in fo u r or five times— in  my

case preferably the latter— the washing-off 
should be done in some vessel which will con
tain all the washings. I  used an article which 
might either be called a small tub, or a large 
pail. I t  had better be of wood, then contact 
with the mirror or tool will not have any 
tendency to do any damage. These washings 
should all be saved, for from them the finer 
grades of carborundum are derived, even; down 
to the very finest grade of all, for the finest 
grinding. I  would recommend the beginning 
of the grinding of the mirror with about No. 25 
carborundum. In my case I  could not procure 
it so coarse, and had to be content with No. 40. 
One pound of it will do, and out of that one, 
pound all the other grades will come. Were 
one to use emery instead, such could not be 
done, because the emery grinds away into a 
kind of mud, while the carborundum merely 
breaks into smaller particles; these can 
be used, while the ground emery cannot. From 
the washings of the carborundum, as I  have 
indicated, can be made the finest grades, which 
will bring on a very speedy polish, and a polish 
which will be most satisfactory.  The  fine 
grinding should take not more than about four 
hours. Polishing should not take more than four 
or five  hours, although this last operation 
depends on the fineness of the last grinding. 

An ex tra  fifteen minutes spent on the fine- 
grinding a t  the end m ay reduce the time re- 

quired for polishing by many hours. In  my 
own case, I  polished one mirror in about five 
hours; but another took me nearly fifteen 
hours. The length of time consumed in the last 
polishing was occasioned by the fact that I  had 
hurried from the fine grinding too soon. A 
little care taken in the last stages of the fine 
grinding will - prevent the occurrence of 
scratches on the mirror. The last two mirrors 
I  ground are almost perfectly free from 
scratches. f

In  on© of Mr. Ainslie’s letters, published in 
1905, he referred to a curious circumstance re
garding the polishing. He said that he was 
unable to get the mirror to revolve in both 
directions during polishing. He could revolve 
it in one direction, but it would “ stick " if it 
were revolved in the contrary way. This same 
experience I  had in my first or second mirror, 
but have never met with it since.

The making of the polisher need not be so 
complicated as is suggested by some writers. A 
very simple way to make it is to pour the 
melted pitch on the surface to be covered. On 
that surface, however, should first be laid a 
small hoop of wood, taken from an old wooden 
barrel, and which hoop has been bent or drawn 
together until it is a trifle larger than the 
speculum. The wooden hoop should first be 
well wetted. I  have used an iron hoop with 
good results. The hoop I  joined by tying the 
two ends, where they overlapped, with twine. 
A nail driven down at each of three or four 
places around it. so that the head of the nail 
would rest on the top of the hoop, will keep 
it in its place while the melted pitch is being 
poured into the receptacle thus made. Fill the 
hollow with pitch to  the dep th  of ab o u t Jin. 
Pitch is very cheap—a penny  or tw o p er pound—

and not more than three or four pounds will be 
required. When it has hardened, the nails can 
be removed, and the hoop be either lifted off or 
chipped away with a chisel, in case it has 
adhered in any spots. In  fact, I  have poured 
the pitch on frequently without hoop or any
thing else. On top of the hardened/pitch then 
carefully lay either the mirror, or a piece of 
cardboard the same size as the mirror, and with 
a lead pencil draw a circle on the   c h  the size 
of the mirror. Then with a harm and chisel 
chip, away the part of the polisher outside the 
circle. Then hold the polisher face downwards 
over a  fire or flame or a gas-stove, until it is 
soft, and press with the wet mirror until it 
takes the shape of the mirror. The grooves I  
made in the polisher simply by wetting a ruler 
and laying it edge down on the face of the 
heated pitch pad, or polisher. Press the ruler 
down, and the grooves will form easily. It  is 
true that the mirror on repressing the polisher, 
will partially close the grooves; but if they be 
made sufficiently wide, there will be left spaces 
within the facets which will be quite ample. 
When this is done, ½oz. of common beeswax 
should be melted, and with a small brush, or 
piece of. cotton tied to a stick, the surface of the 
pitch should be coated with the beeswax. The 
coating need not be deep— in fact, a very light 
coating of the beeswax has proved sufficient. 
On that being done— for the beeswax will cool 
very fast— the polisher should again be heated 
and pressed with the wet mirror, to resume its 
proper shape. Before these pressings the mirror 
might be covered with a little wet rouge, and 
sticking will be greatly prevented. In  this 
manner a polisher can be made very quickly, 
and without much trouble. It  certainly is 
quicker than making the small squares recom
mended by Mr. Ainslie and others, although 
they are by no means to be despised.

The rouge is sure to have particles within it 
which will scratch the glass. I  have bought 
rouge said to contain none, but have always 
been  disappointed. The scratching  particles 
were always present. To avoid them, I  placed 
a quantity o f  the rouge in a glass bottle, and 
mixed it with some clean water. Generally, I  
used water that had been boiled, to keep it 
pure; but that is not necessary where the rouge 
will not have to stand for many days. The 
rouge and water I  thoroughly stirred with a 
piece of cotton tied-to the end of a stick, and 
after letting the mixture stand for one minute, 
I  poured, all of it except the bottom two or three 
spoonfuls i nto another glass bottle. I f  the 
mixture contained too much water in the second 
bottle, I  let it stand until the top part became 
clear; the clear part I  poured off, and left a 
very thin, paste--even  thinner than paste— in 
the bottom of the second bottle. This I  used 
by painting the face of the. mirror with it, using 
for so doing the brush or cotton tied to the 
stick. In  this manner the mirrors escaped all 
scratching, and were very clear when polished. 
The same wooden handle which was used for 
grinding I  used for polishing. I  had no trouble 
with flexure at any time. Draper had; but it 
must be remembered that he used glass 1in. 
thick for his 15in. mirror.  M r. Ainslie had 
none, I  think; and his 9in. glasses were only 
1in. thick— at least, one of them was.

The hardest part of all is the figuring. I f  I  
may venture, I  will say that we are, in my 
judgment, just on the threshold of our know
ledge and improvements in this operation. Mr. 
W assell, in his papers of twenty-five years ago, 
speaks of proceeding with the figuring for one 
period of twenty or thirty half-hours, then 
altering the polisher, and proceeding for 
another twenty or thirty half-hours again. The 
surface to be taken away in the figuring can 
never be much more than from one-millionth to 
five- or ten-thousandth of an inch. There must 
be some quick and correct method of doing this. 
Many of the articles published in the “E .M ." 
indicate that all that requires to be done is to 
first polish to the sphere, and proceed from that 
to the parabola. There is no harder part in all 
telescope-making than getting even the sphere. 
From the sphere the parabola can be produced 
quite easily; but the sphere is the difficult part 
to get. On that subject I  think Mr. John E. 
Mellish, of Wisconsin, U.S.A.. will treat your 
readers soon to his experiences. But I  can say 
that I  know of his having taken in hand two 
mirrors that had curves on their faces of the 
most wretched kind, and bringing them to per
fection in from two to four hours' work. And 
his work has been examined by men of world
wide renown.

It  is possible I  may communicate further on 
this subject. Meanwhile, here is a photograph 
of my 9½in. telescope, nearly all made by 
myself, and  with the simplest tools.

A. R. H assard, Barrister-at-Law.
9, N o rth -s tree t, T oronto , C anada.



F IG U R IN G  M IR R O R  FOR R EF LEC T IN G  
TELESCOPE.

[426.]— Proceeding from the close of my last 
letter, it is my desire to offer some suggestions 
regarding figuring the mirror for a reflecting 
telescope, which may be useful. In many of the 
articles published on this subject the authors 
seem to impress a reader with the fact that they 
have succeeded in obtaining a parabolic surface 
with surprising speed. A reader also is 
frequently discouraged because the parabola 
does not arrive with the rapidity the articles on 
the subject indicate. A description of the method 
of making a mirror from beginning to end has 
the shortest part of it usually devoted to the
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making a mirror from beginning t o  e n d

the shortest part of it usually devoted to the
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figuring. The  truth is, that the figuring is often 
ten times as tedious and protracted as all the 
other operations combined. One eminent writer, 
for example, advised the mirror-maker to 
graduate the polisher as soon as the polish 
appeared to be complete, and make the facets 
smaller at the rim than at the centre; this, he 
said, would reduce the oblate spheroid to a 
sphere, and from the sphere he could readily 
proceed to the parabola. Possibly that treat
ment effected its purpose in his case; but with 
me it failed most emphatically. Why it should 
not fail seems to me quite a mystery; in fact, it 
would be surprising to find it to succeed. When 
a high centre and a high edge require to be 
polished away, I  cannot understand how they 
can be done simultaneously with a polisher 
which operates fully at the centre and only 
partially at the edge. In  such a case I  would 
recommend a mirror graduated as in Fig. la  
of the accompanying sketches. W ith it, the 
polish will be most at centre and edge, and thus 
reduce the mirror in the direction of the 
sphere. The simplest direction to give an 
amateur with regard to figuring is to place in 
front of his mirror, as in Fig. 6, a piece of card
board, K . K . cut with the eight V-shapcd spaces 
as shown. When looked at from beside the 
illuminated pin-hole, the location of the bills 
and hollows on the face of the mirror can be 
located very accurately. That being done, the 
polisher can be pared or cut away, to reduce 
the action of the rouge on the parts of the 
mirror which are dark, and cause greater action

on those parts which are illuminated. Figs. 1, 
2, 3, and 4 are diagrams illustrating the 
shadows which came on the last mirror I  ground. 
These shadows may be reduced by the polishers 
cut as shown respectively in Figs. la, 2a, 3a, 4a, 
the apparent sections of the mirrors being 
operated on being shown by the figures respec
tively, 1b, 2b, 3b,  and 4b. At Fig. 5 is a polisher 
which will correct a mirror which may have 
become hyperbolic. The ancient method of 
using the one form of polisher all the time, and 
shortening or lengthening the strokes of the 
mirror across its face, so as to correspond with 
the figure that is appearing, is altogether too 
slow and too uncertain for an amateur’s use. 
The dark spots or semicircles on the side of a 
mirror nearest to the source of light indicate a 
sloping of the face of the glass down into a 
hollow. These parts of the mirror should be 
untouched; consequently, the polisher should be 
pared away liberally in places, to correspond 
with the hollows. It  should be left full in the 
places where the light shines freely, for those 
places (on the same side of the mirror) indicate 
a projection on the mirror’s face. In  my last 
mirror I  reached a stage where the mirror gave 
the appearance as shown in Fig. 4. It  was risky 
to underbake arranging the polisher so as to act 
exclusively on the ring which the mirror thus 
seemed to bear around the edge. However, 
upon reflection, I  decided to make the polisher 
as just a simple ring of pitch, with star points 
turned towards the inside; and with the polisher 
in this shape, and using strokes not over 1in.

long, I  succeeded in about one and a-half hours 
polishing in removing the hill at the edge com- 
pletely. To do this, it was necessary to test 
every few minutes. Ten minute intervals 
answered; at the end the intervals were about 
five minutes each. The shortness of the stroke 
in this instance was necessary, to avoid rubbing 
parts of the glass which were satisfactory 
already. During the other operations, short 
strokes are unnecessary. A stroke of one-third 
the diameter of the glass should be proper. 
Rings such as are in the mirror, Fig. 3, at 1. 
will polish away by being left to chance. A s  
soon as the mirror reaches the sphere, it may be  
brought to the parabola in the old-fashioned 
way, having a polisher graduated so as to 
polish more at the centre than at the edge. The 
graduations should be made with an even reduc
tion towards the outside edge.

In  a sentence, the whole secret of figuring is 
to arrange the polisher by chipping away parts 
of it, so as to make action great at points corre
sponding with hills on the mirror's face, and less 
— in fact, not at all— in places which correspond 
with hollows. By following these directions, a 
mirror may be figured in from five to ten hours 
instead of the 30 to 100 hours which that process 
formerly occupied.

Mr. Mellish, of Wisconsin, figured for me a 
mirror, which was most wretchedly uneven, in  
about three hours. He is a rapid worker; but 
another operator would not have taken more 
than five or six hours at the most.

In  making my tube, I  had a door down near
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the mirror end  to admit of removing the cover 
from the mirror-cell readily. Lately, I  have 
placed another door about half-way up the tube. 
This is convenient for many purposes, and can 
be made easily. The doors have common hinges 
riveted to them; the other parts of the hinges 
I  affixed to the tube with machine-screws and 
nuts. Handles to the central portion of the tube 
can be affixed with the aid of this central open
ing without much trouble, and the interior can 
be blackened very easily through this and the 
other openings in the tube.

A. R. Hassard. B.C.L., Barrister-at-Law. - 
9, North-street, Toronto, Canada.

A F IN E  A D JU ST M EN T  FO R  SPECTRO SCO PE  
E Y E P IE C E S .

 [ 427.] —  Most observers who have used th e

P O L IS H IN G  SPECULA.
[425.]— It  seems to be hard for one person to 

go by the experience of another when it conies 
to figuring a speculum. I  always use strokes 
one-third the diameter of the speculum, or even 
longer, when the focus is less than nine times 
the diameter of the speculum, and shorter 
strokes with a longer focus. I  made an 8 in. 
speculum with a focus of only 40in.; when 
figuring it, I  used from 3 to 3½in. strokes. It  
will bear a power of 120 easily.

My long focus— 8½in., 94in. focus— was made 
last spring, and there was a rim ⅓in. wide round 
the edge, which turned up a little, and a few 
days ago I  started at it again, and by careful 
work, using 1in. strokes (it was impossible to 
get a perfect curve with long strokes) the 
speculum was brought again to the sphere, and
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so perfect was it that with the brightest light 
and smallest needle-hole possible, there was not 
a sign of a curve on the whole surface. Then, 
by making a polisher with graduated facets, 
and using the finest rouge, with 1in. strokes for 
f our minutes, the speculum under test gave a 
slight parabolic shadow, though not enough. 
Then after working three minutes longer the 
glass was tested in the tube for the first time, 
on Vega, and it seemed to be perfect with 
knife-edge and high-power eyepiece. The glass 
shows as good yet, after silvering. I t  showed 
Saturn and the rings very sharp. Also Enceladus 
was an easy object, with the moon near, to the 
East. I  think it will show Mimas on a dark 
night. δ Cygni is an easy object. It  does not 
show a diffraction ring around a star, only some 
fine specks, and four parts of what might have 
been a ring. I t  shows seven clefts in Gassendi, 
and the seeing has hot been good. 

T here is no glare on the edge of the moon.
I  also saw the old dark part of the moon when 
the moon’s ago was 9.4 days. I  have seen the  
dark part several times at first quarter. The 
silvering must be very good to do this. Before 
making a 6in., my telescope was a splendid 2in. 
refractor, which gave splendid definition. The 
only thing I  did not like about it was the size 
of the star-disc and the ring. Jupiter’s satellites 
seemed to show as a  disc; yet I  found it did not 
show the satellite, only its spurious disc, for

when the satellites were on the limb of Jupiter, 
the satellite showed as plain as it did on the 
dark sky, but only about two-thirds the 
diameter it had when off the disc.

A bright star-disc with the 2in. was not bright 
like it is with the 8½in., and it faded somewhat 
at the edge, while with power of 580 on the 8½in. 
the stellar disc is intensely bright, clear to the 
edge.

I  make the polisher 3/16in. smaller than the 
speculum, and never have any bother about 
turned-down edges: only about 1/16in wide, and 
it is impossible to do more than that.

In  warm weather my flat always dews over 
two or three times a night. I  then take a lamp, 
and tip the tube up, so the eye-tube points 
down, and hold the lamp under. The dew soon 
leaves the flat, and in fifteen minutes it is free 
from heat, and is ready for the highest powers. 
The silver does not tarnish in several weeks of 
such usage.

A  friend lately came to me with an 8in. 
speculum he had been working on for some time 
past, and I  refigured it for him. When he 
brought it. the surface was like Fig. 1. I  made 
a polisher like Fig. 2, and went at it. The focus 
was 64in. I  used 2½in. strokes for two hours, 
then tested, and the speculum was done to per- 
fection. I  never try to make a good glass by 
altering the length of stroke used. It  is very 
hard to get the surface exactly right that way. 
My flat is only plate glass of good quality. I  
made a polisher the same size of the flat, with 
the facets ¼in. in diameter, and worked the flat 
over it with very small spiral strokes for fifteen 
minutes, then tested it, and ground ¼in. from 
the edge, and it is perfectly flat.

 J oh n  E . Mellish.
Cottage-grove, Wis., U.S.A.

F IG U R IN G  A  SE V E N -IN C H  M IRRO R.
[538.]— The adventures encountered in figuring 

a 7in. mirror which I  have lately completed may 
be of interest to your readers. During the last 
stages of the fine-grinding— which was done with 
the finest siftings of the washed combination of 
carborundum and ground-glass retained during 
the various processes of coarser grinding— by 
keeping the tool very wet, and exerting no 
pressure on the mirror whatever. I  was able to 
move the mirror over the tool with almost light
ning-like rapidity. The fine finish came very 
fast. A couple of hours nearly completed the 
grinding. The importance of correctly grading 
the finer powders as closely as possible cannot 
be emphasised too much. It  almost invariably 
happens that, do what one will, coarser grains 
will settle to the bottom, and, after one has 
been, polishing for a few minutes with fine car-



borundum, the next application to the tool will 
really be of a coarser grade. When this occurs, 
it is well to mix all the grades again thoroughly 
and sift them out over again. This will make

an improvement. With the 7in., I  fear I  did 
not polish with the finest grades long enough, 
for there are still a few tiny holes in the surface 
of the glass, which, although they will not 
noticeably interfere with the light, do not give

the work the best possible appearance. How
ever, I  do not intend to go over the work again, 
for there is always a natural disinclination in 
an operator doing over again something which is

already passably well done. It  was so pleasant, 
the movement of the mirror over the tool during 
the close of the fine-grinding, that I  had not 
the heart to shorten the strokes, but made 
them a good one-third or two-fifths of the dia
meter of the mirror, if not longer. When it 
came to the polishing, I  found the mirror quite 
hyperbolic, and when the polish had sufficiently 
appeared to render possible an observation of 
the form of the surface of the glass, the appear
ance was much as in Fig. 1 (a), a section of 
which appears at b in the same figure. In  my 
judgment, a hyperbolic surface— for years the 
horror of the speculum manufacturer— is no 
harder to remove than any other kind of 
deformity in a surface. The shadows d  and e 
were about as black as I  ever saw. I, however, 
continued with a full-sized polisher until the 
polish was very near completion before altering 
the shape of the facets. The full-sized polisher 
was much more than full-sized, for, finding the 
ease with which the mirror moved over the 
pitch, I  made it 8in. or 9in. in diameter, instead 
of slightly less than 7in. It  is true the turned- 
back edge appeared; but since my judgment 
always directs me to hold the mirror in its cell 
by moans of a small ring which cuts off from 
1/16in. to ⅛in. all around, the ancient terror of a 
turned-back edge, never gives any trouble what- 
ever. Glass is very cheap, and rather than go 
to the almost infinite pains to avoid the turned- 
back edge, I  prefer making the mirror slightly

larger than is required. When coming to the 
figuring, however, it was  necessary to make the 
polisher the same size as the mirror. My method 
of correcting the defective surfaces is to use a 
combination of the full-sized and local tool. By  
cutting away the facets wherever action is not 
required, the surface approached the condition 
that was required. To correct figure (1, a), the 
facets were cut away, leaving the tool as shown 
at Fig. 1, c. Each day I  worked from a half to 
two hours, the mirror improving gradually 
during nearly all that time.  When the mirror 
reached the shape shown in Fig. 2, b, further 
cutting away of the facets towards the central 
part of the tool was made. In  this cutting 
away I  did not wholly remove the facets; it 
was sufficient to merely chip off the tops of 
them, using a chisel and hammer for so doing. 
Then, when it became necessary to remodel the 
polisher, a slight warming of the polisher, and 
pressing of the mirror on top of it, served to 
make it into a full-sized tool. For some reason 
not quite explained, there appeared a central 
mound, as shown in Fig. 3, after it had dis- 
appeared, or, in fact, although it had not 
hitherto made its appearance; and it dis
appeared by increasing the action at the 
centre. The final appearance of the mirror 
before reaching the sphere is shown at Fig. 5, 
and the polisher employed to correct it is shown 
as Fig. 5, c. The remaking of the polisher was 
done very quickly. All that was required was 
to invert it over a hot fire for a moment or two, 
and press with the wet mirror. From beginning 
to end, this mirror occupied fourteen hours’ 
time. I  admit that it is not quite perfect yet; 
but another hour or two of careful polishing 
should finish it.  There is scarcely anything in 
mirror-making so completely satisfying, as after

numerous tests— indicating oblate spheroid, and 
hyperbola, and combinations of the two, as well 
as mirrors with •rings—-finding one part of a 
mirror very bright ana another part

exasperatingly dark— finding that the mirror has 
become figured so that it darkens all over 
evenly and with flashing rapidity, on the 
slightest movement of the knife-edge or screen
before the eye. A mirror even corrected only f
as far as shown in Fig. 5, will perform splendidly 
on the moon, sun, and planets; and also, with 
fair powers, on the stars. Nebulae, too, will 
exhibit good views with it; but close doubles 
will not separate satisfactorily. My 7in. mirror

is 70in. in focal length; it was intended to be 
smaller; but the sun was  not visible during any 
of the coarse-grinding days, and, rather than 
wait for it, I  was content to guess at the focal
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length, which, after all, is not very much out 
of the way. I  am just now beginning a  new 

6 in. mirror, which I  shall mount very simply, 
and may perhaps have some notes to com
municate respecting its progress.

A. R. Hassard, B.C.L., Barrister, etc.
9, North-street, Toronto, Canada.

T H E  P L A N ET  M E R C U R Y .
[ 539.]— The greatest elongation of Mercury

R E F LE C T IN G  TELESCOPES.
[8.]— Kindly permit me to reply to some 

inquiries made regarding the making of reflect
ing telescopes; but first it should be observed 
that my work is all of a very amateur nature, 
and any success I  have had has been often after 
many failures. My experience has disclosed no 
difficulty with flexure in the mirrors. One I  
have mounted in an aluminium cell; but that I  
propose soon discarding, because of its weight, 
and using instead a base of two pieces of wood 
nailed cross-grained, each piece being 1in. thick, 
and turning them the same size as, or a little 
larger than, the mirror. On top of them I  shall 
lay a circle of tapestry or Brussels-carpet, and 
the mirror will be held in place by a ring of 
sheet iron, with the top edge bent over the 
mirror, and the other end encircling the double 
wooden base, and held in place by a few screws. 
Fig. 2 illustrates my idea, and a detailed descrip
tion of it occurs later.

My polishing and figuring are done using the 
same handle as was used during the entire 
grinding. Flexure with this handle is quite im
probable. The use of beeswax as a surface for 
the polisher was suggested to me by Mr. 
Brash ear. He said it would help to eliminate 
scratches. With its use, I  seem to have been 
troubled with very few scratches during polish- 
ing and figuring. Most likely it serves to enable 
the mirror to secure a closer contact with the 
polisher in every part as well.

Regarding packing the mirror in the cell, this 
is satisfactorily done with little strips or wedges 
of tapestry, or Brussels-carpet. Cork, as one 
writer suggests, might answer quite well. The 
carpet, being firmest kind of cushion I  knew of, 
was the article I  have adopted.

I  made no note of the time used in allowing 
the carborundum sediment to settle. My 
method was to stir the combined water and 
powdered carborundum and glass thoroughly, 
then pour into a two-quart glass jar. As soon 
as I  saw a settlement of powder deep enough to 
make it worth while to separate it, I  emptied 
the liquid into another glass jar, being careful 
not to disturb the already settled powder. This 
was accomplished by leaving half a cupful of 
water behind. Then, when using, it was not 
necessary to add any water, while the benefit of 
any further deposit from the small quantity of 
water remaining was secured. Five seconds, 
thirty seconds, one minute, five minutes, fifteen 
minutes, and an hour would be a useful set of 
periods for letting the settling occur. The water 
poured off at the end of an hour was not thrown 
away, but allowed to remain two or three days; 
any precipitation from it was welcome as still 
further refining the carborundum. This last was 
not necessary, in actual practice, but was 
employed whenever convenient.

The construction of the telescope is very 
simple. Having just completed the making of 
a 6in. mirror, and mounted it in a tube, cradle, 
and support, to be used in addition to my 9½in. 
instrument, a short description of its construc
tion may be readable. The mirror is ¾in. thick, 
and was a piece of rough glass, such as is used 
for flooring and side-walk purposes. It  cost me 
40 cents, which included making it into a disc. 
The edges are ground and slightly bevelled, 
although, had they not been, I  would have 
bevelled them in a few minutes with a whet
stone. One hour served to complete the rough 
grinding. This was done with less than ½lb. of 
very coarse carborundum; the size is shown on 
the diagram (Fig. 4). It  was, perhaps, too 
coarse, for it did make deep holes in places in 
the glass, but was the only kind at hand just 
then. However, with the fine grinding, which 
took about three hours, they all came out 
except three tiny holes— one the size of a pin
point, near the edge, and two others, very much 
smaller, but which will be covered by the flat 
mirror’s shadow. These could have been taken 
out, only I  feared that, in some unexpected way, 
they might happen to be replaced by scratches, 
and one scratch would shut out as much light 
as fifty small holes. The fine grinding I  
divided into three parts— the first with 
carborundum, for about hours; then,
happening to have at hand some No. 60 and 
No. 80 emery I  used them for about twenty 
minutes each. Their action, being much slower, 
was a change, at least; and it is said that a 
change is as good as a trip to the Lick 
Observatory. Another reason for using the 
emery is because I  was not careful enough with 
some of the intermediate grades of carborundum 
washings, and found m yself without them when

they were wanted. The element of common  
sense, mixed with a little carborundum, is very 
useful to determine, after examining the 
surface of the mirror, which particular coarse
ness or fineness of material is just the proper one 
to use. Often one has to go back a little, when 
it is seen, after a few minutes’ operation, that 
the grade in use is slightly too fine. If  one were 
rich enough to possess a pound or two of every 
possible grade of the grinding material, and pro
ceeded from coarsest to finest, using each for, 
say, ten minutes, the whole operation might be 
completed with a Certain and unreasoning con
tinuity; but since economy is as much a virtue 
here as it would be if one were shipwrecked in 
a biscuit-box one hundred miles away from 
England, with nothing left to sustain life except 
a tin of sardines and a copy of the “E.M.,” i f  
is best to proceed with the customary sifting or 
elutriation, and use the washings derived from 
the coarser grindings. Sometimes a coarse grain 
or two will get into the finer grades, in spite of 
all precautions. A good way to avoid any 
trouble this may cause is, when the paste of 
carborundum and water is laid on the mirror (or 
tool), to press firmly with the mirror on the 
tool, giving the mirror meanwhile a slight move
ment over the tool, when the coarse grains will 
become ground and broken, and cease to give 
any trouble from scratching. A  little careful 
observation of this suggestion will produce a 
mirror without a mark on its surface. When 
the finest grades of all— the last two— are being 
employed, during which it seems a pink water 
is all that is being used, and to detect any 
grinding, the ear has to be bent down close to 
the mirror, it is best to spend from 15 minutes 
to half an hour in using strokes just as short 
as possible— say, one or two inches in length 
only. This is a little tiresome, but it enables 
the surface to approach very close to the sphere. 
Some writers say that printed letters ⅛in. long 
can be read through the dry mirror when, at the 
end of the fine grinding, it is placed, ground 
side upward, on the printing. I  consider the 
fine grinding very satisfactory if letters twice or 
three times that length, and thick in proportion, 
can be distinguished from one another in that 
manner. After the fine grinding I  polished and 
figured the mirror in about five or six hours, the 
same being broken periods of operation.

The* polisher must not be hard. A  hard 
polisher is surely likely to cause scratches; and 
a thin polisher must not be tolerated. Pitch is 
comparatively inexpensive. Let the polishing-

pad, then, be abundantly thick. Cover 
formerly suggested, with a thin— very thin—  
coating of beeswax, and the danger of scratches 
is reduced to almost a nullity. Some writers 
advocate the division of the polisher into large 
squares. My view of this is, if it be a 
machine that is used for polishing, then make the 
squares any size desired; if the polishing be done 
by hand, make the squares small. The only 
need of grooves in the polisher at all is to dis
tribute evenly the rouge and water. The more 
numerous the grooves are, the greater will be 
the distribution. Press the wet ruler edge into 
the polisher-pad at intervals of ¾in. The facets 
will then be about ⅝in. square, and the grooves 
⅛in. wide. A polisher in this form is very satis
factory. Besides, when the time for figuring 
arrives, it renders quite easy the chipping away 
of correctly-located and not too large facets. 
The cell for the mirror is shown in Fig. 2. B  
and C are circular pieces of wood, 6¼in. in dia
meter, and each ¾in. thick. They are put 
together, and the cell completed as described in 
the beginning of this letter. In  Fig. 2, A  is the 
mirror and D  is the piece of carpeting as a rest 
or support. M  M  are nails holding B  and C 
together. G G G  are three straps or sheet iron 
screwed by screws, J J, to the bottom of C, and 
with the projections bent up to encircle the tube, 
to which they are affixed by the bolts I I I .  
which slide in the groove H  for adjustment of 
the mirror. A little packing of carpeting L  L  
serves to hold the mirror firmly but tenderly in 
the cell; and the mirror is held on D  by the 
ring of sheet iron, E  E, bent over at the top, T, 
and secured by three screws, F F F , although I  
have found with the 6in. carpet-tacks to be 
sufficient. In  Fig. 3 the lettered parts correspond 
with Fig. 2. The mirror is covered by a little  
tin cover, K. A ll of this I  made with the 
simplest of tools.

It  would appear that I  am going backwards in 
my descriptions; but in truth this is the best 
way to proceed with the telescope construction. 
Fig. 1 is a drawing of the telescope (a little, I  
fear, out of proportion; if possible, I  shall 
include a photo of it with this letter), T  being 
the tube. It  is of sheet iron, a little heavier 
than stove-pipe iron, and the tube I  had made 
by a tinsmith, who rolled the iron into a  
cylinder, and lapped the two edges together, not 
with rivets, but with a bend-over joint. The 
tu b e  is 60in; long, and 7½in. in diameter. It  
cost 75 cen ts  (three shillings). In  the bottom  I  
c u t  th re e  openings (o), to  enable th e  c e ll to  pass
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up into the tube, so that when the tube is taken 
off the cradle P, and placed on the ground, it 
can rest on its end,  and thus prevent 
cell touching anything whereby its adjustment 
might be disturbed. The remainder of the 
mounting should appear from the drawings. R  
is the declination axis, S the polar axis, W  the

weight, and X  is a block of wood, of any con
venient size, for the pillar. In  my case, it is 
10m. square, about 2ft. high at its lowest-point, 
and 2ft. 10in. at its highest. I  use it at present 
tor both 6in. and 9½in. telescopes. Firmly nail 
it to a platform a little larger than itself.

The cradle P  is made of (in the 7½in.-diameter 
tube) a piece of sheet iron 12in. square and 
aoout 1/32in. thick-just enough to be fairly

rigid. Have the tinsmith roll it into a semi- 
cylindrical form, with the upper edges— I  might 
call  the a  the termimate vs— 7½in. apart. Com- 
plete the cylinder with two straps of thinner 
sheet iron 1in. to 1½in. wide, A  A  in Fig. 5. 
These are given a firmness by the cross-straps 
D  D , which are riveted to A  A  at the four

corners, 9 9 9 9. The front strap has an 
L-shapod projection, E, riveted to D, while a 
similar projection, F, is riveted to B. Through 
each of the projections of E  and F is a hole, 
through which passes a bolt, having a wing-nut 
attached, to hold the two parts of the cylinder 
together. When the top part is released and 
thrown back, the telescope tube can be placed 
in the recess, the top part closed down, and the

tube thus held in embrace. A band of iron 1in. 
wide and ¼in. thick (V, Fig. I) encircles the 
tube by being bolted or riveted to it. This 
prevents the tube slipping through the cradle. 
The band V  being in place, it is not necessary 
to screw the top of the cradle down too tightly; 
then the tube may be rotated quite easily. The 
cradle is mounted on a piece of 2in. or 2½in. gas- 
piping (T, Fig. 5) by three pieces of iron bent 
and drilled as shown at R  R, Fig 5. These are 
bolted and riveted to tube and cradle by the  
bolts or rivets S S S S . To the lower end of T  
is affixed any convenient kind of weight as a 
counterpoise. A rod of iron, to which a lump of f 
iron is affixed securely, and the whole held in 
by the set-screws V  V, for adjusting purposes, 
will answer very well. An iron ring, X, serves 
as a collar for the axis at the place where it 
rests in its mounting.

Fig. 6 is the mounting which holds the cradle. 
I t  consists of a  block of wood 12in. long, 6in. 
wide, and 2in. thick. To it are nailed two pieces 
of 2in. by 2in. by 12in. strips, D, D, separated 
each by a  groove 2in. (or 2½in.) wide, sufficient 
to let the pipe T  (Fig. 5) revolve between them. 
The pipe is  clasped by the piece of iron A, cut 
away as at B, the whole being self-explanatory. 
The support of the flat and the making of the 
adapters for the eyepiece have not been 
described. Another paper may give these sub
jects consideration.

The construction of the 6in. telescope cost 
me about 35s., divided in this manner. Glass. 
40c.; another disc, secured formerly as the tool 
for a 7in. mirror, about the same price, but, ‘ 
being used for two glasses, divide the price, 
29c.; tube, 75c.; cradle, 15c.; other pieces of 
iron, about 25c.; bolts, nuts, screws, nails, rivets,
25c.; carborundum and emery, 25c.; rouge, less 
than 10c.; flat, 2c.; wood— the base cost me a 
dollar, but a much less expensive one than that 
would do (still, wood is quite expensive); other 
wood, 15c.; paint, 10c.; lampblack, varnish, and 
turpentine to blacken the inside of the tube,
10c. (of both paint and lampblack, etc., much 
still is left); tin for covers, etc., 10c.; brass 
tubing for eyepiece adapters, 30c. (half of this 
nearly is left, too); hoop iron for band around 
tube and handles, 10c.; incidentals, say, 50c.; 
total, 4dol. 77c., or about £1. This does not 
include the silvering, finder, or eyepieces. Two 
dollars (8s.) should make the finder, and the 
eyepieces can be had at many prices. I  have 
bought a good one for 1dol. 25c., and, again, a 
poor one for 2dol . also a very good one fo r  
4dol, and a t another time quit e unexpectedly, 
a satisfactory one for about a shilling.

A. R. Hassard, B.C.L., Barrister-at-Law.
9, North-street, Toronto, Canada.



 M IR R OR -M A K IN G .
[60.]  In  your issue of December 24, 1900, I  

described the making of a  12in. speculum, the 
glass being only ⅞in. thick. I silvered it when it 
had readied t he condition described in th a t 
letter, and on testing it in th e tube, found its 
performance to be highly imperfect. Every
thing was confused, and Saturn was a blur. So 
I reverted to the thicker 12in. glass, and brought 
it by regrinding and polishing to a surface close 
to  th e sphere, but still a  little  undercorrected.
On silvering it I  found its performance much 
better than  th e other 12in. glass—so much so, in 
fact, th a t a t tim es I thought it m ight not be 
much improved. T hat being accomplished, I 
then took the thinner glass in hand, removed 
th e silver, and placed it on a polisher with the 
facets evenly graduated with the largest ones 
in the centre, and th e  smallest a t  the circum
ference. I  polished it until the sphere was 
readied, and then passed, and the parabolic 
shadow showed a t th e side of the  mirror oppo
site th a t from which the knife-edge approached. 
T he image a t  this point with the  eyepiece on 
both sides of the  focus was somewhat confused, 
and it had nearly (but not quite) definite edges 
a t the principal focal point. At th a t point 
there  was a slight blurring of the edges. The 
measuring of th e aberration correctly is next to 
impossible. A t least, so it  was with me. I  got 
th e aberration anywhere from 2/32in. to ¼in. 
More defin ite measurement I  could not obtain. 
The aberration should be about ⅛in. But the 
faint shadow, on the  mirror just to the right of 
the centre, was there beyond doubt," whether 
the m irror was recently taken off the polisher, 
and perhaps, therefore, slightly heated, o r when 
it had been lying for many hours untouched by 
an y thing. So I  placed i t  in the tube and tested 
it, unsilvered, and a t once I  could see th a t it  
was a much bette r piece of workmanship than  
th e thicker glass. The moon’s craters were 
clear-cut beyond question, and Mizar separated 
as if it were composed of two most disconnected 
stars. Sirius was very confused, but Castor 
divided nicely. The moon’s brightness, just past 
the first quarter, may have been a hindrance to 
correctness of my test. To-night, if possible, I  
shall test the glass on Saturn. I  like a glass to  
pass three tests before I decide it is satis
factory ; they, are, the moon, Saturn, and a 
star. The “ workshop test ” may be final with 
some workers, but I  would not rely on it. I  
do not condemn it, but simply say I  would not 
accept it  in any sense as conclusive. I f  I  find 
Saturn stands out clear and perfectly, I  shall 
silver the glass, and then still fu rther correct 
the thicker 12in. m irror; but if Saturn, a fte r a  
thorough test, fails, I shall still fu rther correct 
the glass. I observed somewhere—I think in 
these columns—that th e true  test of the perfect 
parabola on a s ta r is by the in and out of focus 
tests, that on each side of th e focus a s ta r 
should appear as a  perfect disc, with no dis
similarity on either side. This, I  question. The 
in and out of focus tests to me show a circle 
of light with a black area in the centre, and 
th a t black area on being closely inspected 
resolves itself into the shadow of the diagonal 
m irror and its three supports. T hat appearance 
is the same whether the mirror is perfect or not.
A careful consideration and investigation of. 
appearances tells me th a t when in th e  tube no 
test is reliable except th a t upon the stars or 
planets.

My experience with pitch and beeswax is as 
follows, and while I take no sides with o ther 
disputants in current controversy, it does seem 
that the merits of pitch and beeswax have not 
been considered quite appropriately.

One writer grew angry, another became 
m irthful, and another, threatened, if I  rem em ber 
correctly, to “ wax ” eloquent on th e  subject. A 
polisher th a t will bring the  glass to a fine 
surface is all th a t is desired. In  fact, anything 
that, will do th is evenly will satisfy all needs. 
H ow best can this be done? I  have had no ex
perience with soft pitch—th at is to  say, pitch 
so soft th at it very easily receives an impression. 
W ith hard pitch I have had a t  least two un
fortunate experiences, and of it I  can speak 
from knowledge. I found a t least twice th a t 
the hard pitch served not as a  polisher, bu t as 
a grinder, and th a t when a glass was becoming 
polished the hardness of th e pitch served to 
prevent the rouge becoming imbedded in its 
surface, with the result that th e  rouge rolled 
around between speculum and polisher, and 
caused the  glass to lose its  polish and become as 
if i t  had been replaced for a short tim e on th e  
tool, and was fine-ground with the finest emery. 
For a  time I was a t  a loss to understand why this 
occurred; but by coating the pitch with bees
wax I found the  grinding to cease and polishing 
to  resume. Subsequently I had the same ex
perience with the beeswax, and found th a t the 
reason was just the same—the beeswax had 
become very hard, and had become a grinding 
and not a polishing tool. So I  added a little

[Supplement to the E N G L ISH  M E C H A N IC

turpentine to the beeswax, thus softening it 
slightly, and on (applying the softened beeswax 
to the polisher it worked satisfactorily. An 
application of turpentine to the pitch would 
operate similarly, I  presume. To polish with a 
polisher so soft that it will actually run seems 
to be out of the question. The difference in 
hardness between a polisher that will polish 
properly, and one that will grind instead of 
polish, is so slight, that only a careful examina
tion can distinguish between them. In  testing 
my 12in. mirror last night, it being still un
silvered, it could bear very easily a power of 
270; while on even the moon a power of 585 
was very indistinct.

A  night or two ago I  was permitted for a 
moment or two to look through an “ ultra
microscope.” A  drop of a solution of sugar and 
water, in which the sugar is supposed to be 
completely dissolved in the water, was placed 
under the instrument; which is of very high 
power, and with a brilliant illumination in 
the field. Particles of the sugar were observed 
each one nearly being surrounded by a small 
diffraction ring. This js  probably a  close 
approach to. the molecule being actually visible 
to the human sight.

Mr. Ellison, in one of his letters, says he has 
devised a method of polishing whereby he can 
completely control and change the figure of the 
glass  without changing the polisher’s  form. 
Would he tell us how he does this?

A. K. Hassard. B . C . L .
9, North-street, Toronto, C anada, Jan 20.



S A T U R N ’S OUTER R IN G : TO MR. M E R L IN  
 — E X PLA N A T IO N .
 [538.]— Mr. Merlin ( “ E .M .” December 10)

gives no scientific explanation, as I  hoped he 
would have done, how he is able to see Saturn's 
outer dusky ring so frequently with his mirror 
(as mentioned in “ E .M.,” November 5). when I 
believe it has not been seen by anyone since 
November, 1908, and Professor Barnard, in 
“Monthly Notices,” says he can not see it with 
the 40in. Y erkes. As this is a question of light- 
grasp, some reasons might have been given. 
Professor Lowell writes (“Mars,” 1904) “ that it 
is easy to see what we expect to see ” (are 
determined to see). There is no difference of 
opinion between M. Jarry Desloges, M. Fournier, 
and myself, as Mr. Merlin seems to think, and 
apparently desires. I  think Mr. Merlin cannot 
have read M. Jarry Dcsloges’ book with care,
as he would have seen that there is no mention 
of the large refractor being stopped down on 
September 5 and 7, 1907, when the outer ring 
was sighted. The occasions when it was stopped 
down, owing to indifferent definition, is clearly 
stated as July 23 and August 26, 1907. It  is 
also clearly stated that the largest aperture 
gave minute points of light the best. I  do not 
understand if M. Jarry Desloges saw the outer 
ring, or whether it was only M. Fournier “ who 
sees the faintest lines at the limit of visibility 
the best.” On September 5— the first occasion it 
was perceived— it was thought an error was 
made, quoting the exact words, “Prise pour 
une erreur de mise au point.” and on Septem- 
ber 11 it could not be seen. “ Nous le recherch- 

a mes a nouveau, mais quoique les images 
fussent assez bonnes, ni mon collaborateur ni 
moi nous ne pumes le distinguer.” I  do not 
know of any other occasion when it was again 
seen by these eminent observers. Therefore, 
this ring being frequently caught now by Mr. 
Merlin is certainly very remarkable, especially 
as the definition at Volo is often so indifferent 
that Mr. Merlin tells us that his 8.5 mirror has 
to be stopped down for planetary details to 
7.6in.— a fact commented on by Mr. Wickham, 
a lso by “Amateur” (“E.M..” April 10, letter 
248).  The latter considered Mr. Merlin’s mirror 
must be defective.

To show that M. Jarry Desloges and I  are 
of the same opinion, I  quote the following 
sentence from his book: “ Avec l’ouverture de 
37cm. (14.8in.) visibility des petits corps
lumineux, avec ouverture de 21cm. (8.4in.) 
invisibilite des tres faibles corps lumineux.” I  
venture to think that if I  had stated that I  
saw a very faint object frequently with 7.6in.
which has not been seen by any observer since 
November, 1908, and could not be seen by the 
eagle-eyed Professor Barnard with the 40in. 
Yerkes, I  should have been told that I  was one 
of those included by Mr. Merlin (in his letter to 
“ E.M.”) “ who did not stick at trifles.”

Camberley. H. Watson (Col.)

SP EC U LU M -M A K IN G .
[539.]— I  began work on a 10¼in. glass before 

having acquainted myself with the first 
principles of speculum-making, and kept 
working in advance of valuable instruction I  
was receiving from Mr. Hassard, Mr. Mellish, 
and Mr. Prahl. I  bad never heard of the 
“ E.M.” up to this time, much less having 
read it.

My friend kept along with me in the work. 
Up to the time we decided to silver. I  believed 
that as I  had gone so far independent of any 
professional services, that I  was equal to the 
occasion of silvering; but my friend felt 
differently about it, and enlisted the services of 
one said to know something about it. The 
appearance of the mirror did not indicate as 
much, however, when it came back. Of one 
thing I  am convinced, and that is, that an 
amateur is not qualified to determine the figure 
of his glass from the Foucault shadow-test alone.
I  was led to believe by the shadows as they 
appeared on my glass— and I  tested time and 
again— that the figure was a parabola as near 
as I  could understand it. when in reality, on 
subsequent test, it was badly turned at the 
edge, and had too great a depression at the 
centre. I  had no ocular at the time to examine 
the image with, and did not sufficiently under
stand the zonal test to apply that. To clap the 
climax, when assembling my telescope, I  found 
my “ flat” was imperfect, and my adjustments 
bad. I  had blundered through with such haste, 
hoping to complete a workable instrument for 
use on the first warm nights of spring, that I  
had all but made a failure of it. Valuable time 
was being lost, so I  arranged with Mr. Mellish 
to figure and correct the glass. He found the 
figure, as I  mentioned before, badly turned at 
the edge, and a hole in the centre; but between 
edge and centre very good.

In  my long attempt at polishing, and use of 
polishers of all shapes, I  attempted to use the 
straight stroke that is recommended for all

beginners, and, it may be for all others, either 
long or short, as the circumstances require; but 
I  could never attain to anything like a regular 
figure; using an exclusive straight stroke. I  did 
get so that I  could do nearly anything with

the curve, using a circular spiral stroke over 
a plain polisher (that is to say, polishers not 
moulded into every fantastic shape under the 
sun, with each facet of a different size). W ill 
someone suggest why I  have failed to get 
results with the straight strokes in polishing?

I  am baffled with Saturn's moons. I  feel 
pretty well satisfied that I  have seen five, but

F ig . 2.

am never absolutely sure of but four. I  have 
observed Saturn on only three consecutive 
nights, of which I  have made sketches. One or 
two outer points of light do not seem to change 
their positions, as I  think they should. Later, 
I  hope to send some sketches of both Saturn

and Mars. The photographs are of my tele- 
scopes. No. 1 I  abandoned long since, by reason 
of its wrong construction of polar and declina- 
tion axes; No. 2 I  am using now.

Decatur, I l l . Leo Holcomb.

M Y  N EW  TELESCOPE.
[540.] —  Having something that may 

helpful to communicate, I  venture once more 
invade your columns. I  thought my trouble 
with the 15in. reflecting telescope were to  
ascribed to imperfections in the atmosphere, 
perhaps flexure, but have now discovered that 
the sole fault is in the curve. As much is to 
learned from failure sometimes as from success 
so I  venture to narrate some of my recent 
tribulations. As I  had thought the atmosphere 
was responsible for the defects in the 15in., and 
none of the wise men had anything to say by 
way of correction, I  decided to make a new 
telescope of 12in. aperture, but with a focal 
length of one to about nine. So I  secured my 
glass, and ground a mirror on the tool which 
had been used with the 15in., having first cut 
the tool down to 12in. in diameter. The tool 
was very thin— not over ¼in. thick. Down to 
the fine-grinding I  did the work with the mirror 
on top. but when it came to the fine-grinding 
I  placed the mirror beneath and the tool on 
top. Here I  met with a mishap in grinding with 
emeries insufficiently fine, and when it came to 
the polishing, I  found I  had a curve closely 
approaching the sphere, but highly imperfect 
as regards the removal of fine pits. So I  re
verted to the fine-grinding again, and made a 
blunder that was very grievous indeed. The 
mirror, face up, was lying on a projection where 
it was not possible to travel around it, and I  
had to grind wholly from one side. And 
although I  tried to be careful, when the 
polishing was proceeding, I  found that there 
were two elevations on opposite sides of the 
mirror, where apparently the grinding had not 
been as effective as on the other parts of the 
mirror. In  fact, the mirror’s face was not 
surface of revolution, and when I  tested the 
mirror in the tube the result was most dis
appointing. Even the moon refused to show 
itself with any distinctness, and the edges were 
multiplied most confusingly. So I  laid aside 
mirror and tool, but might mention first that 
as the sun was not shining much when testing 
time came, I  reduced the focal length to about 
93in. Then I  procured some new glass, two- 
pieces, each ⅞in. thick, and one (for the mirror) 
12⅛in. in diameter, the other being about 11⅞i 
in diameter for the tool. These I  ground, and 
made the mirror 108in. in focal length. I  took 
care this time to get the fine-grinding properly 
done, and made no effort to hurry from one 
grade of fineness of emery or carborundum to 
a still finer grade. The reason I  mention both 
emery and carborundum is because I  used 
whichever happened to be convenient. I  usually 
use No. 30 carborundum for the rough-grinding 
until the mirror is nearly at the proper depth, 
but after that either is used according as it 
happens to be convenient. Of course, the car
borundum is preferable, since it cuts much 
faster, but the emery is by no means cast aside 
Sometimes I  am out of a particular grade of 
carborundum, and its absence is frequently re
placed by the emery. The thickness of the tool 
prevented its bending in any manner whatever, 
and I  secured a surface that was excellent for 
polishing. During all of the last three or four 
grades of fine-grinding the strokes were very 
short, not exceeding an inch or so, and often 7 
whirled the mirror round on the tool, letting it 
move slightly over all parts of the circumference 
of the tool, thus bringing the surface to the 
highest perfection for polishing. Then I  pro
ceeded to polish with a polisher made with 
facets of even size all over; but finding the 
polish appearing more noticeably at the edge 
than the centre, I  used very long strokes, and 
kept the mirror overhanging the tool by nearly 
one-half its diameter. The strokes were 8in 
10in., and 12in. in length. The earlier testing 
showed the surface to be like Fig. 1—  
section of which, highly exaggerated, appear 
at Fig. 2— and a continuation of the treat- 
ment without change brought the mirror 
gradually on through Figures 3 and 5, with the 
exaggerated sections, as appear respectively in 
Figures 4 and 6. Then I  changed the polished 
and cut it away as appears by the diagram 
Fig. 9. and before long had the mirror 
resembling Figs. 7 and 8. It  will be  seen 
that there is a slight elevation at the 
centre of the mirror, and too great a 
depression at the edges. How would the 
English mirror makers now have finished the 
mirror? For, in examining the image on the 
mirror with an eyepiece at the centre of cur
vature, I  found the image of a hole that was 
about 1/20in. in diameter to present the ap
pearance shown in Figure 14, showing that the 
image w as apparently doubled. This a t  first I



4336 is betwixt us and M 8. The clearness of 
the stars on Dr. Roberts’s photograph is incom
patible with their being either involved in the 
nebula or beyond it. Here I  agree with Sir John 
Herschel and Dr. Roberts, and conclude the 
opposite opinion expressed by the other two 
writers results in the one case from a too- 
cursory examination, and, in the other, from the 
character of the photograph on which the 
opinion was based.

If  change should take place in this nebula, 
it appears to me it is likely to be in connection 
with the dark spaces. Either they may close 
up or widen out; become obliterated, or new 
ones appear. The evidence will have to be 
photographic; but many photographs will have 
to be taken, and their evidence most strictly 
examined, before admission as proof; because 
differences of plate, development, modes of 
printing, exposure, and instrument, cause photo
graphs to be most deceptive witnesses. But in 
one thing they are satisfactory: they can be 
examined by any number of people without any 
question of varying conditions; so tha t any pre
tensions to the discovery of geometrical 
problems, or systems of water-ways, or new 
rings, can be at once tested, and so are not 
likely to be made.

CO M ETS’ T A IL S — T H E  SU N  A N D  T E R R E S 
T R IA L  M ETEO RO LOGY.

[536.]— Mr. C. Robinson’s letter (No. 521) can 
hardly have been written with due regard to 
our records of cometary appearances. To speak 
of “undisturbed contour” of these mysterious 
celestial wanderers is to entirely fail to take

cognisance of the very contrary phenomena 
exhibited by so recent a comet as Comet Moore- 
house during September and October last year. 
Biela’s Comet is with justification credited to 
have broken into separate portions before the 
observers’ eyes, while comets Brooks and 
Rordame also showed tremendous disturbance 
of their outline. The idea of comets’ tails being 
get stiffly straight is also erroneous, or at least 
exaggerated. As often as not the tails partake 
of sweet, yet pronounced curvature, which they 
could not possibly do if the tails’ raison d'etre 
was an optical phenomenon, such as proposed by 
Mr. Robinson’s friend. These very curvatures 
prove that the tails are composed of ponderable 
matter, however attenuated, and, according to 
B redichin’s theory, this curvature is the more 
pronounced the greater the atomic weight of 
the element which gives rise to this or that 
portion of a multiple comet-tail (vide Comet 
Donati, 1858). Comet-tails may appear to be 
perfectly straight and radially set with regard 
to the sun’s centre when the plane of the earth’s 
orbit, laid through the sun’s centre, coincides 
with such a plane laid through the comet’s head 
and  tail, to the extent of the latter’s full length.

In view of the recent increased attention given 
to the synchronism of exceptional terrestrial 
meteorological conditions and the sun’s synodic 
rotation period, I  hope that readers of the 
“ E.M.” will remember what I  have observed 
and argued in this respect in your columns for 
a long time past on my own responsibility, and 
that they will give me due credit for having 
anticipated what comes later on, but is given 
more prominence to. Albert Alfred Buss.

M A R S .
[537.]— I  enclose a few drawings of Mars, 

made from sketches of the planet as it appeared 
to me during the recent opposition. I  used a 
10¼in. reflector, powers 200, 300, and 400. As 
the instrument is not driven by clockwork, F 
did not use a micrometer. The positions of the 
markings are, therefore, not accurately drawn 
to scale.

1. Shows the Sabaeus Sinus as it appeared to 
me on September 22, 23h., local time (Central 
Standard time).

2. Mare Erythraeum, Sept. 19, 23h. 50m.
The southern part of the mare seemed slightly 
reddish in tint. The same region in the next 
presentation appeared to be darker in the 
eastern portion, and dark green or blue 
colour, with a suggestion of the reddish tint 
in the central part, south of the Stagnum  
Pegaseum.

3. Solis Lacus, Sept. 14, 23h. 30m. Nectar 
seemed rather broad— perhaps double— being 
nearly as wide as the Solis Lacus. I  caught two 
glimpses of Nectar and the Solis Lacus on 
Nov. 21, 18h., with a 3in. refractor.

4. Mare Sirenum, Oct. 12. 21h. 40m.
5. Mare C immerium, Oct. 10, 22h. 30m.
6. Hesperia, Oct.. 6, 23h. 10m.
7. Syrtis Major, Sept. 30, 22h. 20m.

 8. Aeria, Sept. 28, 24h.
9. Icarii Luci, Sept. 29, 1h. The brilliant line 

bordering the southern extremity of Aeria may 
have been the effect of contrast.

 Latimer J. Wilson.
803, Shelby-avenue, N ashville, T enn ., U .S .A .



attributed to flexure, but a further polishing 
showed it to disappear, when the mirror re
sembled Figs. 12 and 13. I  think that doubling 
of the image is caused by there being two curves 
on the mirror— one caused, perhaps, by the 
inner portion, and the other caused by the 
“ turned back portion near the mirror’s cir
cumference. When the two curves became 
united in one, the duplication of the image 
disappeared. I  left the mirror as shown in 
Fig. 12 (13), with still the slightest approach 
to an elevation in the centre, but with the 
outer edge apparently wholly gone, and tested 
the mirror in the tube. The tube was the old 
15in. mirror’s tube, and I  had to lengthen the 
eyepiece by about 12in., which, of course, was 
unsatisfactory. But the result was very satisfying. 
Saturn stood out very plainly, and the moon, 
just past full, gleamed brightly and with its 
edges clearly cut and quite single— no doubling 
of any image whatever. Sunspots looked well, 
too. I  made no test on stars, because with the

moon shining so brightly, and with, the imper- 
fections in the eyepiece adapter, because of its 
great length, their distinctness would not have 
been observable. I  am making a new tube, the 
same as that used in the 15in., for this mirror, 
and expect it to be in use before long. At the 
same time, I  have commenced to regrind the 
other 12in. on the tool used for grinding the one 
already finished; but in order to lengthen the 
focus I  have the tool on top, and am making 
the strokes quite long, and may proceed and 
finish it before yet I  am done.

I  wanted to say something about Figs. 10 
and 11. but fear I  have already said about 
sufficient for one letter. And I  wished, too, to 
say something about testing, but shall content 
myself with briefly saying that elaborate 
mechanism for testing is wholly unnecessary. 
The aberration of a mirror when tested at 
centre of curvature with an  artificial star is 
alw ays double the excavation. Nine divided by 
the  focal  leng th  in  inches equals th e  dep th  of

the excavation. Eighteen divided by the focal 
length in inches equals the aberration. 
In  my case the aberration is ⅛in. That 
length is very easy to estimate without any 
special mechanism. All I  use is a common one- 
foot rule, divided into sixteenths of inches. But 
even that is not necessary for amateurs. A 
mirror anywhere between the sphere and the 
parabola will do nearly all an amateur requires. 
Indeed, even less than the sphere (although 
near it) will work wonders.

Toronto. A. R. Hassard, Barrister.

G LA SS  M IR R O R  MATTERS.
[541.]— David Booth (letter 495) is about 

right when he says that beeswax and turps 
cause turned-down edges on mirrors. I  have 
tried everything under the sun for the last 20 
years. You cannot beat good pitch. I  should 
say that amateurs who use beeswax or any other 
wax will get "  w a x y ," and spoil their mirrors.



will burn in the strongest wind, a 
shows a Wells lamp mounted on a 
fitted with a winch for raising and lof 
lamp. This is for lighting streets, ya 
works, or any other purpose where 
illumination of a particular space is  

By far the larger number of corr

with a very bad turned-down edge; also a very 
uneven curve.

H ere is a very simple hint to soften the 
Surface of pitch-tool. First, be sure and have 
your pitch-tool to the exact curve of mirror, and 
use hard pitch; then pour on tool a little turps. 
Be sure and cover pitch-tool with turps; then 
warm surface of tool and restamp curve again 
with mirror; cover with rouge and water.

Mortlake. H. N. Irving.

R IN G  SH A D O W  PRO BLEM .
[542.]— With reference to my letter of a fort

night ago. Since I  have read other corre
spondents’ replies in later numbers of the 
“E.M.” I  see that the whole of my work is 
erroneous, because I  have commenced by 
writing tan. Θ where I  should have written 
sin. Θ. With this correction, my formulae are 
reliable; but all the results I  gave in that letter 
are incorrect. I  regret, Sir, that I  have 
wasted your space, and possibly Mr. Whitmell's 
time, with inaccurate work; but I  do not intend 
to add to my offences by attempting excuses or 
explanations. C. J. Westland.

Christchurch, New Zealand, Nov. 3.

D E M A G N E T IS IN G  A W ATCH .
[543.]— Mr. Hollis (letter 455 , page 419) ex

pressed his desire for the principle on which a 
watch is made non-magnetic. Perhaps the 
following, although it locks definite proof, may 
be of service to him. We may treat it us an 
example of demagnetising a small magnet, since 
the treatment will be general with all the 
magnets induced in the watch. Further, in this 
small magnet we will consider one axis in its 
plane of rotation. During its first rotation 
between the poles of the powerful magnet, the 
axis will revolve into the direction of the field, 
and its induction will be increased to its 
maximum value, which value, since the inducing 
field is very strong, will depend finally upon 
the permeability of the magnet. As the magnet 
revolves on, the inducing field along the par
ticular axis wo are considering becomes less, 
and finally zero when perpendicular with the 
axis. It  then reverses and increases in the

opposite direction to a maximum value again, 
and so on. I f  we plot the induction, along the 
axis, against the inducing field, we obtain the 
well known curve of magnetic hysteresis. This 
curve would remain constant so long as the 
magnet spun in the same spot; but on slowly 
removing it out of the field, the curve would 
diminish in area, and finally disappear at the 
origin. Such a curve is indicated by diagram. 
In  other words, the induction would become 
zero, and the magnet demagnetised in the plane 
of rotation. It  seems from this that the watch 
should be treated twice, the spinning being per
formed on a different axis each time.

A. T. Arnall.

T H E  C H E A PEST  L IG H T .
[544.]— My letter in your issue of November 5, 

describing the Blanchard High-Pressure Paraffin 
Lamp, has caused me a good deal of corre
spondence, and as it is impossible for me to 
answer all the questions through the post, I  
will try to give readers of “O urs” a few 
further particulars. Let me first of all state 
that I  am not connected wtih the sale of any 
lamp, and I  cannot therefore undertake to reply 
to questions regarding price, etc. Further, the 
“Blanchard” is not the only make of this type 
of lamp on the market. There is the “W ells” 
lamp, which works on exactly the same principle, 
but is fitted with an upright burner. The 
general design of the Wells lamp will be 
gathered from the illustration (Fig. 1). On the 
front of the oil-container will bo noticed a little 
dial; this dial shows at a glance how much oil 
is in the container. I  think this little fitting

Fig. 1.

F ig . 2.

might be adopted on all paraffin lamps having 
metal containers.

One correspondent wished to know if he could 
obtain a very powerful single lamp for the 
front of his shop. I  wonder if Fig. 2 would suit

F ig .  3 .

were inquiring for a lamp suitable 
illumination, and it seems a pity 
choice here is so limited. The first 
in my letter of Nov. 5, and the ac 
illustration (Fig. 4) seem to be the on  
at present made for interior lighting 
of them suffer from the same defect 
it would require a pair of steps 
tinguish, or fill the lamp in a hi

F ig . 4.

him. It  gives 1,500 candle-power, and weighs 
over 701b. when full, besides being over a yard in 
length, and over 2ft. wide. I  think he would 
want something in the nature of a small crane 
to get it up. I  certainly should not like the 
job of putting it up with a pair of flimsy steps.

Another oft-repeated question is, “ W ill the 
lamps burn outside? ” That is exactly what 
most of the models are constructed for; they

room, as it would obviously be 
question to fit a raising and lowe 
in the rooms of most houses. I  th 
makers could supply us with a table- 
with a burner of moderate candle-  
having a globe correctly tinted to 
pleasing light, and a removable g 
when used for reading, it should fit 
sale. I  would lay particular import



LE N SE S  A N D  LEN S-M AK IN G .
[436.]— Permit mo to say that Mr. Ellison’s 

explanation was pleasing to read, and, as I  have 
profited by what he frequently has said, I  hope 
he may have found a little of interest in my 
writings. H is letter is the first intimation he 
has given that he has had experience in lens- 
making. I  wish he would treat your readers to 
some comprehensive papers on that subject. 
Lens-making is a department in which few excel, 
and those who do are not as industrious in 
communicating their knowledge to the public 
as the mirror-makers have been. A reason may 
be that not as many are interested in lens- 
working as in mirror-working. Still, the interest 
is easily aroused, and, when once aroused, is 
permanently retained. Somewhere I  read that 
in making eyepieces, the two lenses of the eye
piece should be separated a distance equal to 
half the sum of the focal lengths of the two 
lenses employed. I  have been experimenting, 
and find that half, and sometimes a quarter, of 
this distance has great advantages. The result 
of these experiments, which are in no sense com
plete, has left me without any rule whatever. 
A good paper on this subject from Mr. Ellison’s 
pen would be very welcome.

Thinking that a description of the mounting

of my 15in. mirror would be interesting, or 
perhaps useful, I  shall briefly give it. First, I  
procured twenty ordinary wooden barrel-hoops 
from a barrel manufacturer. These hoops were 
not made up; but hoops taken from an old 
barrel can have their ends separated and be 
used quite successfully. Ten of them I  bent into 
hoops having an inside diameter of 17in., and 
secured the ends by nails. Then I  procured ten 
pieces of pinewood— each piece ½in. thick, 2in. 
wide, and 10ft. long— and made a cylinder of 
them and the barrel-hoops, the cylinder being 
10ft. long and 17in. inside diameter. The hoops 
were separated from one another by 1ft., except 
at the end where the mirror would be, in which 
case the separation was 2ft. In  other words, 
beginning at the speculum end, the hoops were 

ced, first, one at the end, then one 2ft. from 
end, then one 3ft. from the end, and so on, 

the last one being 10ft. from the end. The 
hoops were all inside of the 10ft. strips of wood 
referred to above. The cylinder made in this 
manner will be found insufficiently rig id ; but 
the necessary rigidity can be secured by binding 
the other ten hoops around the cylinder in the 
same positions with reference to the ends that 
were occupied by the first or inside hoops. It  
might be well to have the ten strips project 4in. 
or 5in. beyond the hoops at the speculum end of 
the tube. Then the speculum and cell can be 
pushed up a little way into the tube, and the 
projections can serve as feet for the tube to 
stand on, without any weight coming on the 
cell. The 2ft. stretch which is without hoops 
can be strengthened by parts of hoops halfway 
between the hoops that are 2ft. apart, so long 
as two apertures on opposite sides of the tube 
are left for the removal of the speculum-cover. 
The strips of wood should be left a little further 
asunder at those parts, as the cover will require 
considerable room. The strips which are required 
to be used for sustaining the mirror and cell 
may be reinforced by other strips nailed to 
them. The circumference of the tube at the 
point where it will revolve in the cradle should 
be sheeted around with thin galvanised iron, in 
order to enable the tube to revolve with ease.
My cradle is 2ft. in length, and the sheeted part 
of the tube extends 2ft. to correspond with the 
cradle’s length. The remainder of the tube may 
or may not be closed in. Oilcloth will do to
cover it. Mine is left open. The remainder of 
the mounting follows quite closely the mounting 
described by me in your issue of February 5, 
1909. A flange is made of gauge 20 sheet iron 
projecting about 2in. around the tube at the 
point where the part of the tube remote from 
the mirror rests on the end of the cradle. This 
prevents the tube slipping through the cradle. 
That flange is secured to the tube by a couple 
of extra hoops. Its presence enables the cradle 
to be loosened a little to allow the tube to be 
revolved. This is the lightest in weight kind of 
tube that can possibly be devised, and is very 
convenient besides. The total cost of my 15in. 
mirror, tube, and mountings is about 30s.

The light-gathering power of this instrument 
is wonderful. The moon and Jupiter are almost 
inconceivably wonderful sights. The instrument 
is considerably more difficult to manage than a 
6in. reflector, but is a most useful addition to 
the observatory. It  seems to me that not much 
advantage is gained by an amateur observer in 
proceeding beyond a 15in. aperture. That 
aperture can keep him busy the rest of his life.

A. R. Hassard, B.C.L., Barrister, etc. 
9, North-st., Toronto, Canada, June 7, 1909.
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M Y  TELESCOPES.
[202.]— Enclosed is a photograph showing my 

telescopes. There are a 2in. and a 4in. refractor, 
and a 6in. and a 15in. reflector, mounted, while 
standing erect is the tube of the 9½in. reflector, 
which I  also use. The view shows my father 
standing looking through the 4in. refractor. 
Most of your instrument-makers seem to produce 
instruments of unrivalled excellence, so it will 
not be very interesting to them to know that 
mine are by no means perfect. The 6in. 
reflector performs splendidly; I  resilvered it the 
night before last. It had retained its former 
coat since last New Year’s, but the coat was not 
very good originally, so I  resilvered it. With 
powers up to about 320 the moon looks very 
interesting, while with powers a little lower, it 
is very good indeed. Last night the air was 
steady and the sky was clear, and with power 
of about 80 the moon was very white, and the 
terminator glittered like a ridge of broken ice. 
Saturn, not far away, was clear, and its satellite 
Titan was easy to hold in view. Its  other 
satellites were not discernible, partly because of 
the nearness of the moon, and partly, I  suppose, 
because of the aperture. I  think in the 6in., 
with its old coat of silver, I  have glimpsed two 
or three other satellites of Saturn. Possibly I  
am not a very good observer; but I  can make 
out no definite markings on Mars. I  can see 
quite distinctly a dark central area on the 
planet, but cannot attempt to give it outline. 
My 15in. reflector is not doing very good work. 
There seems to be a kind of wavering secondary 
image around the principal image; this I  
noticed chiefly in the case of Saturn. I  did 
think that there might be some defect in the 
centring of the mirrors, and found that a re
adjustment effected a slight improvement, but 
not sufficient. I  may make a further attempt

at readjustment. It  may, too, be flexure, 
because the mirror is only about one and one- 
eight inches thick; but for a number of reasons, 
which seem to be safe, I  am rather prepared to 
discard the flexure theory. Of course, I  may be 
wrong, but shall look into the matter care
fully before concluding. I  have a splendid 
coating of silver on the 15in. The weight, or 
counterpoise, of the 15in. is made very simply. 
A square wooden box made of pine boards 1in. 
thick, 15in. long, and about 7in. wide, is made, 
and through one end of it is bored a hole about 
3in. in diameter. Through this hole a piece of 
oak, cylindrical in shape, and large enough to 
enter the hole, and about 3ft. or 3ft. 6in. long, 
is inserted, until it passes up even with the other 
end of the box, which is open. Then the box is 
filled with concrete, made of cement one part, 
sand two or three parts, well mixed up with 
water. In  a couple of days it will have set, and 
the whole will make a most effective and rather 
inexpensive weight. The projecting end of the 
oak stick enters the equatorial axis, and is held 
there by two set-screws or bolts. I  made the 
smaller weight for the 6in. in the same manner, 
except that the cement in that case is enclosed 
in a tin can— one that held paint, I  think it was. 
The square box at the foot of the tripod 
belonging to the 2in. refractor is the dish in 
which I  have been in the habit of silvering the 
9½in. mirror. I  have made a larger dish of 
wood, lines with wax for the 15in. The 6in. I  
silvered in a table-dish belonging to my sister. 
A little bichromate of potash in solution readily 
cleared it to her satisfaction ag ain.

Last night, about 8.55, I  saw Mars occulted 
by the moon. I  was away from home at the 
time— in fact, on the deck of a steamboat, and 
witnessed it with the naked eye. Several of 
us watched the occultation, or, at least, traced 
the planet up very close to the edge of the 
moon. A radiance round the moon seemed at 
last to merge the planet in its brightness; but 
when last that I  could say that I  could dis
tinctly define the planet, it was very close to the 
edge of the moon. There was some motion of 
the boat, of course; but the water was quite 
calm, and it is just possible that I  actually saw 
the occultation, but would not care to say that 
I  actually did. The moon has been very bright 
during the past few nights; but on M onday 
night the atmosphere seemed to boil in front 
of the moon, so much so that the 6in. readily 
showed about all that could be seen. With  
larger apertures the moon danced most unsatis
factorily, and waves of air roved over and 
around it constantly.

A. R. Hassard, B.C.L., Barrister, etc.
9, N o rth -stree t, T oronto , C anada,  S ep t. 2.



base (except, unity), and multiplying it by itself 
continuously, a series of powers are obtained, 
n1, n2, n3, n4, n5, and so on, which are shown 
upon our slide-rule by equal spaces. The nearer 
this number (n) is to unity the smaller will be 
our spaces, and the larger the number the 
greater the spaces. We may also consider the 
case of unity itself divided or multiplied con
tinuously, and this appears to offer a more con
venient form for comparison with astronomical 
phenomena, one-eighth, one-quarter, one-half, 
one. two, four, eight revolutions about the sun; 
of the moon, or of the earth on its axis, are upon 
the slide-rule shown represented successively one 
after the other by an equal space. If, then, in 
place of multiplying continuously by two we 

• choose some other number as base which is but 
slightly in excess of unity (n +  x, or its 
reciprocal, 1/n + x), we have a natural base 
which can be applied with precision.

These would only become true logarithms 
according to our definition given above when 
x was demonstrated to bo an integral power of n.

To take a simple instance, let n = the mean 
sidereal day, n +  x  = mean solar day; then, 
when n = 1, n +  x = 366.25 / 365.25 = (according 
to Herschel, “ Outlines Ast.” §911) 1.00273791. 
Here at once we have an approximate base 
which does not differ far from the base known 
as E (2.71823).

It may be argued, with justice, that the 
attempt has been made above to transplant on 
to astronomical phenomena a logarithmic base 
which is not natural to them. Referring to a 
mass of papers I  have on the subject, I  offer the 
following as one single example which needs 
further elucidation by others whose mathematics 
is more extensive than my own.

Number. Period. Com. log,
1. 3,232.57 M .S. days.. =  rev.   apogee =  3.5095
2. 27.321 M. S. days.. =  rev. Moon .. =  1.4365
3.4,332.8 M .S. days.. =  rev. Jupiter.. =  3.6367
4. 366.25 sidereal days =  year =  2.5637
Log. difference between 1 and 2 . ...........  2.0730

„ „ „ 3 and 4 ............. 1.0730
„ sum of 2 and 3 .............................. 5.0732

2  " "  1 and 4 .............................. 6.0732
It will be noticed that 2 is the reciprocal of 4 

(and add to this that 29.53 is the log. of 365.25). 
Another and, perhaps, better example of the 
natural logarithmic phenomena of the planetary 
motions may be obtained from the following:—  

6,965 sid. revs. ).. =  190,295.37 M.S. days 
6,444 lunations.... =  190,295.11 M. S. days

521 years =  190,295.25 M.S. days
549 syn. rev. )  =  190,294.38 M. S. days 
28 rev. )   .... =  190,214.94 M.S. days 

521 years........... =  190,816.25 sidereal days
(It will be noticed that 10 lunations has become 

a logarithm to three places of figures.)
 521 + 28 =  549, 521 +  6,444 =  6,965,
 190,294 /  7 (4 revs. )  ) =  27,184.8.

It  therefore follows that in 27182.818 M.S. 
days, about one-seventh of the above figures 
may be taken as accurate, and the above figures 
appear to bring about an eclipse of the moon in 
almost the same place on the Ecliptic every 521 
years. It will be interesting to learn in  which 
part of the Ecliptic there is the most alteration 
an this period.

Before I  finally close, I  should like to mention 
that the above problem plays no little part in 
that of determining the actinity of light. I  
think I  am safe in saying that the one problem 
is inherently inseparable from the other. 

 English Mechanic.

G R IN D IN G  SPECU LA.
[153.]— When I  first made my 15in. reflecting 

telescope, its focal length was 120in., or 8in. 
focal length to 1in. of aperture. It  required a 
tube 1 0 f t .  long, and in practice this proved quite 
unwieldy. Most of t he time the observer re
quired to be standing on boxes or other sup
ports; and, in addition, the vibration was quite 
excessive. Upon reflection, it seemed wise to 
reduce the focal length, and about seven weeks 
ago I proceeded to accomplish this. The tool on 
which I  had ground the speculum was still avail
able, and I  began the reconstruction of the 
glass. I  procured half a pound of each of 
No. 30, No. 80, and No. 120 carborundum, and 
a pound of flour grade. I  used the entire 
pound of No. 30, and but a small quantity of 
the other grades. The washings I  saved, and 
kept carefully the fine white dust which accu
mulated occasionally on the surfaces of the 
glasses. This was used at the finishing of the 
fine grinding. The coarse regrinding and fine 
grinding were accomplished in about seven or 
eight hours, and upon test the focal length 
appeared to be close upon 96in. This makes the 
proportion of aperture to focal length as one to 

two-fifths. The great 60in. mirror re
cently ground at Mount Wilson solar observa

tory has a focal length of 299in., the proportions 
being as one to five. There was nothing very 
noticeable about the regrinding that seemed to 
bo of much importance, except that I  finished 
with scarcely a scratch on the surface. I  could 
read fairly large print through the glass with 
the ground surface remote from the printing, 
and the ground surface when complete would 
reflect the light of a coal-oil lamp at an angle 
of about 20°. Then I  proceeded to polish the 
mirror, making the polisher as I  have frequently 
described in this journal, and coating its surface 
liberally with beeswax. Here is a partial history, 
of the polishing. On Monday, July 5, 1909, I  
began it at about 9.10 p.m. After ten minutes of 
polishing, using short, straight strokes, a slight 
polish appeared all around the outer circum
ference of about 1½in. It  was necessary to quit 
work then, and on Tuesday, July 6, I  began 
about 6.45 a.m., and in fifteen minutes, after
1,000 or 1,200 double strokes, a good polish was 
visible in the outer 2½in. of the speculum. 
Twelve hundred double strokes more increased 
that polish about 1in., and the test indicated a 
slightly mounded centre, although this was hard 
to tell, because of the large area that remained 
unpolished in the centre. At 8 a.m. I  ceased 
work. That same evening I  worked from 7 to 
8.30 p.m. I  first gave the mirror 1,500 double

strokes, and found the polish around the circum
ference becoming excellent, but not going in 
any further. Then I  made a change in the 
method of polishing. I  made the strokes as in 
Figure 1, the mirror always overhanging the

polisher by a good one-third, and the strokes 
being in the direction of the arrows. Figure 2 

then shows the actual path of the mirror’s cir
cumference around the polisher, the circum
ference travelling in the direction of the arrows. 
These spiral movements I  gave to the number 
first of 100, then 100 double straight strokes, 
then 500 more straight strokes, then 100 double 
spiral strokes, and then tested. This time the 
centre was found to bo taking the polish; so, 
feeling sure that the cause of the central polish 
was in the spiral strokes, I  gave the mirror
1,000 more double spiral strokes, as illustrated, 
and found the centre becoming improved and 
growing clearer. The test indicated a close 
approach to the sphere with a raised edge of 
about 1in. in extent. These strokes were all 
short— about 1½in. long— and the finish of the 
fine grinding was done with strokes of about 
the same length. On Wednesday, July 7, I  
worked from 7.30 until about 8.45 a.m., giving 
the mirror during th a t  tim e  ab o u t 3,000 double 
spiral strokes. This b ro u g h t th e  polish in to

within a couple of inches of the centre, and the 
test showed a 1in. elevation at the circumference 
and a mound in the centre gradually sloping 
out towards the outer part. I  should have said 
that about one hour of the polishing just men
tioned was done in the evening. The next morn
ing, Thursday morning, July 8, saw me working 
from 7 until 8 o’clock. The strokes were still 
all spiral, the overhanging part now being re
duced to about a quarter of the diameter of the 
mirror. I  gave the mirror about 3,000 double 
strokes, and the test showed the mirror to be 
not far from the sphere; the shadows were all 
very delicate, and the central hitherto un
polished part was becoming clear. The outer 
edge was still raised, and seemed to be growing 
worse, for its focus was about 3in. shorter than 
the remainder of the mirror. Apart from that, 
the focal lengths of the mirror were nearly 
right, the outer part having a focal measure
ment of about ¼in. longer than the inner part of 
the mirror. This does not take into considera
tion the extreme centre, for a hill remained 
there until nearly the end. For a mirror of this 
aperture and focal length the aberration is 
about a thid of an inch— a little less than this, 
.29, is about the correct measurement— that is 
to say, the rays from the centre of the mirror 
should be about .29 of an inch shorter than the 
rays from the circumference, and the slope of 
the intermediate part should be gradual. That 
evening I  worked about half an hour, giving the 
mirror about 1,000 double spiral strokes; the 
centre was then nearly clear. One hour the 
following night effected an improvement of the 
surface with 2,000 double strokes, all spiral. On 
Friday and Saturday, July 9 and 10, I  gave the 
mirror about 7,500 double strokes, all spiral, long 
before which was done the centre was clear, and 
the surface otherwise was becoming quite fine. 
There were still a number of tiny specks to be 
polished out, and the test indicated the mirror to 
be slightly oblate spheroid in surface. This 
about completed the polishing, although some 
further work took out the minute specks; and 
then I  had some trouble with rings. They 
seemed to come in without any reason, and 
there was no rhyme about them, I  am sure. 
They were not very deep, but whenever they 
appeared I  chipped away the polisher in places 
where they seemed to fix their habitation, and 
in odd hours and half-hours of time I  had the 
mirror about done on the evening of the last 
day of July. There are still some shadows on 
the surface that ought not to be there, but they 
are not very dangerous, and the test shows a 
fair approach to the parabolic surface. The 
history of the figuring I  did not commit to 
writing as it proceeded, and while I  had nearly 
every kind of ring on the surface of the mirror 
before it was done, still they were not very deep 
or high, and the result leaves a mirror with a 
good surface. With the unsilvered mirror I  
could see in rather poor air Gamma Arietis as 
a quite widely separated double, although this 
is not much of a test. I  shall silver the mirror 
soon, and shall then be able better to test its 
performance. The glass is only 1⅛in. thick, but 
I  have no sign of flexure whatever. Draper’s 
1in. mirror of 15½in. aperture did show marked 
flexure, but his mirror was supported in rather 
a curious manner. The support by means of 
two ¾in. or 1in. boards nailed cross-grained is 
not likely to result in much trouble from flexure.

With this reduction of focal length to 8ft. 
from 10ft., I  have been enabled to cut off 2ft. 
from the length of the tube, and it is now only 
8ft. long, and is very handy and much more con
venient than it w as before. I  have enlarged my 
fla t m irro r, an d  i t  is  now 2½in . by 3½in . in  a r e a
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expectedly appear is that rouge, however moist, 
cannot but have a tendency to accumulate more 
an some places than in others, and although all 
kinds of motions are given to the m irror and 
polisher to  a ttem pt to avoid this, still it  
frequently does occur. However, we silvered 
th e  m irror as it was, and  Mr. Wallace has been 
using it ever since. There are a few very tiny 
stray appendages to  bright sta rs; but nothing to 
give any troublesome annoyance. The instru
ment containing this m irror will give very 
gratifying performances. W ith powers up to 
about 175, th e moon looked excellent. We had 
at hand on a night when we tried the instru
ment one higher power eyepiece; but it was not 
possible to use it then. Mr. W allace is very 
satisfied a t the  result of his first endeavours, 
and is proposing to m ake  a  machine for 
grinding, polishing, and figuring a m irror of 
12in: in diameter. 

Saturn presents splendid views these n ights, 
although the atmosphere has been very un
steady. and occasionally moist. On the 4th inst.
I  could hold in the 9½in. three satellites, and 
possibly a  fourth. Japetus (if visible) was lost 
in a multitude of other stars. The a ir th at
night was far from perfect, and the city lights 
were not helpful.

Mars last night presented the appearance 
shown in Fig. 7. That was a t 11.30 p.m.

On Saturday afternoon, Sept. 26, 1909, a t
5 p.m., I saw two rainbows, one inside the other, 
and removed from it by a considerable distance. 
The violet was a t the inside of the one rainbow, 
and on the outside of the other. The larger one 
had  a diam eter of about 90° of sky; the smaller 
one about 60°. 

A. R. Hassard, B.C.L., Barrister.
9, North-street, Toronto, Canada, Oct. 8 .

A SE V E N -IN C H  REFLECTO R.
[ 3 8 1 . ]  It seems, from the few inquiries now 

being made regarding the m anufacture of 
mirrors for reflecting telescopes, th a t all in

q u ire rs  have been supplied with wisdom, and th at 
most m anufacturing astronomers have learned 

show to construct their instruments. There may 
be a  few left who are a  little  too timid to ask 
for information. For any who desire a  little  
addition to  their knowledge, I venture to  
describe briefly how a friend, Mr. R. M. 
Wallace, of this city, and I  made for him a 7in. 
reflector. Many am a teurs suggest beginning 
with a 6in .; but a 7in. is not much more trouble 
to  make than a 6in., and it is a b out one-third 
more eff ective than the 6in. Consequen tly, we 
decided on making the 7in. instrument. I pro
cured the two pieces of glass, the tool being ½in. 
in  thickness, and the mirror ¾-in. It would have 
been as well, or a little better possibly, to have 

h ad it a little  thicker; but never having been 
bothered with flexure. I  decided on ¾in. as a safe 
thickness. The tool I  had made ¼in. smaller in 
circumference than the m irror. I did the 
grinding with carborundum in about 2½ or 3 

h ours, and brought the m irror to a very fine 
surface, at which light would reflect at an angle 
of about 20°. The principal point in the 
grinding is to get rid of the small holes in the 
glass. A few stray holes often take more time 
to get rid of than the rest of th e grinding. I 
watched the glass carefully in proceeding from 
fineness to greater fineness of carborundum, and 
exterminated the very last of the small holes, and 
secured a finish which left little  to be desired. 
The last finishing of th e fine-grinding was done 
with the white dust taken off the surfaces of 
the tool and the mirror, and brought to the 
required fineness by water in the customary way. 
Then I  handed the mirror over to Mr. Wallace 
to polish and correct. He. had never had any 
experience with mirrors whatever, although he 
has ground by hand many lenses in his spare 
moments—one lens being 6in. in diam eter, and

almost flawless. He made a -polisher like Fig. 3, 
except th at it was considerably larger than the 
mirror, being possibly about 9in . in diameter, 
while the mirror was but 7in. The polisher was 
made of ordinary pitch, and th e surface was 
coated well with beeswax. About four hours 
brought th e  m irror to a  very good polish, 
although around the  edge was not so well 
polished as the central p a r t; still, the central 
6in. were very good. The focal length, I  might 
mention, is 66in. The test showed the m irror 
to be quite hyperbolic, and although some 
may criticise the accompanying drawings, 
and say, as has been said before, th a t 
the shadows are too dark, there is n o 
mistaking the fact th at s h adows were not 
only dark, but as black as th e  night the 
Plague of Darkness fell on Egypt. Fig. 1 
shows the  m irror as it then appeared under the 
Foucault test ; and Fig. 2 shows the faults in the 
mirror requiring correction. The mounds A and 
B  (Fig. 2) required reduction until they were 
nearly (but not quite) down to the levels of C. 
D, and E. The mirror, it will be seen, required 
great action a t the spots A and B, midway 
between the centre and the circumference, but 
no action a t  C, D, and E. This was accom
plished by making the polisher to  resemble 
Fig. 6, in which will be observed the centre of 
the five leaves is slightly removed from the centre

the polisher. This is to prevent rings appearing 
in th e  surface of the mirror. Ju s t as at the 
close of th e fine-grinding, so now, the movement 
of th e mirror over the polisher was in very, 
short, but straight, strokes, and in about four 
or five hours the surface of the m irror was 
brought to such a condition th a t under test 
it appeared as in Fig. 4, a section of which 
appears a t Fig. 5. I t  will be seen th a t further 
correction a t A and B was necessary to make the 
mirror perfectly spherical. But, as often occurs, 
a m irror with a surface like Fig. 4 will change 
without apparent reason and become covered 
with rings or other irregularities, and as Mr. 
Wallace was anxious to begin using the  glass a s  
soon as possible, we derided to cease work upon 
it. Others may not, but I do, pronounce a 
mirror showing the  features reproduced in 
Fig. 4 to be a fairly good mirror. Let it  not. 
be understood th a t my voice is for less than 
perfection: but many cannot spare th e tim e for 
a ttaining perfection, and others have not the 
skill, and even the best of us in aiming at 
perfection, will often come far below it. If  the 
mirror, having reached the degree of perfection 
shown in Fig. 4, had been polished further, it 
m ight have become perfect or h ave acquired 
rings which m ight have taken weeks to 
eliminate, and the chances are much in favour 
of th e  rings. A great reason why th e rings un-



and is elliptical in shape. It  is about 7ft. from 
the surface of the mirror. It  takes in the whole 
image of the sun.

Dr. Blacklock’s letter containing some com
ments on a recent letter of mine published in 
this paper was quite interesting. I  have a 
number of old volumes of the “E.M.," and 
some of his letters written about thirty years 
ago have been quite helpful. A series of his 
letters on testing mirrors were perused by me 
about a year ago with much interest. One thing 
about him I  do not like, and that is his long 
silences. Sometimes for years he says scarcely 
anything. I  regard this as a great misfortune 
when he has all the learning that a wide expe
rience can give. He generally has something to 
say that is not mere repetition.

A  simple test in connection with the silvering 
may be helpful. When all is ready except the 
addition of the reducing solution, I  put a little 
of the other liquid in a small vessel, usually an 
ordinary saucer, and take a small piece of glass 
and proceed to silver it. Generally this small 
piece of glass is a flat mirror, which may be 
wanting a new coat of silver, but any small 
piece of . glass will do. Proceed to silver it by 
laying it face-down  in the saucer— usually the 
saucer is concaved sufficiently to enable this to 
be done by merely immersing the piece of glass, 
which will touch at its comers or edge only—  
and into the ammoniated nitrate of silver solu
tion pour a few drops of the reducing solution. 
Either the small mirror will become coated with 
silver or it will not. I f  not. search for the 
trouble, and rectify i t ; if it will, then the large 
mirror may be proceeded with to completion.

A. R. Hassard, B.C.L., Barrister-at-Law.
9, North-street, Toronto, Canada, Aug. 18.

OBJECT - G LA SS  W O R K IN G  —  TELESCOPE- 
M A K IN G .

[154.]— Like “ O. P ..” p. 376, No. 2304, I  have 
spent some years specula-working by hand and 
machine, and now have a desire to try my hand 
at a lens. Although I  cannot claim longer than 
14 years as a regular subscriber to “Ours,” its 
value is so patent that I  have alw ays added 
any back volumes that have come my way, with 
the result that I  have about 45 vols., and 
amongst them those very interesting articles by 
“ Prismatique.” What I  would like to know is 
this— Would the formulae given in those articles 
for the radii of the curves of an o.g. be suffi
cient for sizes up to, say, 3in.? I  have procured 
several pairs of discs from Chance, the refractive 
indices for D  of which are hard crown 1.5156, 
dense flint 1.6191, and for V  60.3 and 36.2 re
spectively. Perhaps Mr. Linscott. or some other 
kind expert, would give curves suitable for these 
glasses, say, the proportions approximately as 
given by “Prismatique.” I  have no doubt your 
valued correspondent, Mr. Linscott, would know 
where to find “ Prismatique’s "  article, but I  
am writing this away from my volumes of 
“ Ours,” and cannot give references to those 
articles. I  have had some tools cast, and was 
just about to turn them up, but have decided to 
wait in hopes of getting some reliable data, as 
when once the tools are well formed, it seems 
a pity to have to alter them. I  have constructed 
a grinding bench to run off my lathe worked by 
water-wheel, so hope to spend many a quiet 
hour at this interesting hobby. I  find some say 
the tools should be— for finishing— the same size 
as the glasses;— is this the opinion of later 
workers?

I f  the same contributors would favour us with 
a few hints on the mounting, it would be a great 
help. I  have a 4in. centre screw-cutting lathe, 
and would like to know methods adopted of 
chucking the fine tube lengths for the eyepieces, 
the methods derived from experience, of work
ing the cells, and setting the lenses. Thanking 
your kind contributors in anticipation from far
away New Zealand. N. Z.

“ A.’s ” LET T ER S— M IR R O R -M A K IN G .
[155.]— The May numbers of the dear old 

“ E.M.” are just to hand, and out here, in New 
Zealand, they are eagerly looked for, and the 
first perusal of each (monthly) part is one of the 
events held in joyful anticipation. I  would like 
to add my small quota in appreciation of “ A.’s ” 
letters, which have given great pleasure, and 
profit, to many in these parts, and I  quite agree 
with Mr. Longbottom (264), and I  am sure, from 
what I  have heard from several readers in 
different parts of New Zealand, that if “ A.” 
collected his letters later into book-form, they 
would be valued by a very large number of 
readers who would, as Mr. Longbottom says, 
like to put them amongst the few books to. 
which they love to turn.

I  have been much interested in the letters on 
mirror-working from Messrs. Mellish and A. R. 
Hassard, and would feel like suggesting to the 
latter gentleman a more extended search in the

back numbers of the “E.M.” before he says, at 
any rate, of “Ours,” that “an extensive perusal 
. . . . fails to give much information that 
is of assistance.” It  seems to me that in the 
articles by Wassail, Blacklock, Ainslie, and 
others, there is sufficient to put anyone on the 
right way to make good mirrors if these works 
are properly studied. I  have done a little at it 
myself, having ground and polished nearly a 
dozen in all, ranging from 6— 14in. diam. I  
have never yet got quite a perfect mirror, but 
all of them are very close. On 12in. I  have used 
a power of 600 on Mars, and as one who was at 
the eyepiece said, “ It  is like a map," and as such, 
it was sharp alt over, and the areas of the various 
parts bounded by good, clean divisions. I  have 
been greatly indebted to another valuable 
correspondent of “ Ours.” I  refer to Mr. C. A. 
Lowe, whose good-nature led him to write me 
privately quite a compendium on the subject.

As Mr. Ellison rightly observes, Mr. Hassard’s 
sketches show altogether too heavy shadows for 
good mirrors of the focal lengths given. My 
experience leads me to look for just a faint blur 
on the surface-edge and central, or rather to 
one side of centre, not anything nearly so hard 
as shown on p. 303 in  the April 30 i ssue. There 
is one point I  noted in these sketches— in Fig. 7. 
The mirror appears to have approached f airly 
closely to a good figure, but has a rather heavy 
dig-in at the edge as the shadow here— moving 
against the screen or shutter at “ h  "  proves this 
part to be of much shorter radius, and yet Mr. 
H. tells us he is about to cut away the outer 
portion of his polisher. What I  would do here 
would be to work a very short stroke with the 
full-sized polisher which would rub down the 
edge slightly, but one requires to watch this 
carefully, as it may easily turn to a flat-edge, or 
the dreaded “turn-down.” While on this sub
subject I  would like to draw attention to the 
dearth of information available on the testing of 
mirrors in the telescope tube, and on the stars. 
“ Prismatique,” in his admirable articles on the 
working of the object-glass, refers us to the 
star test, and to the diffraction rings as being 
the searching test for each zone; but I  do not 
remember one amongst all those who have 
written on the subject, describing clearly the 
in-and-out of focus appearances seen as a resutl 
of testing on a bright star. Many there are 
who write of perfect round points of stars, and 
what they have divided, but none have drawn 
the diffraction rings as seen on  one or both sides 
of the true focal point. It  would be interesting 
if several of your valued correspondents would 
do this. I  was very glad indeed to see our old 
correspondent, Dr. Woolsey Blacklock’s letter in 
No. 2305. I  wish we saw more of him. I  have 
got my larger discs from Messrs. Chance of 
Birmingham, who make discs of good, clean 
metal ground flat each side and roughly to a 
circle at very; moderate prices. Can any of 
your readers inform me whether washed car
borundum can be bought in London ? But there, 
I  forget— this is a matter for the inquiry 
column. N. Z.

T H E  W E A T H E R  IN  AUGUST.
[156.]— Rainfall and temperature at my meteoro

logical stations were
R a i n f a l l .

Station. Total
Fall.

Greatest Fall 
in 24 hours.

Number 
of Rain 
days.

Clapham Park.. . .  
Tunbridge Wells.. 
Stow-on-the-Wold

1.64in.
2.80in.
2.75in.

0.44in.*
0.78in.+
0.85in.§

10
11
14

*17th and 24th. + 17th, 0.74 on the 24th. §17th. 
T e m p e r a t u r e .

Station. Max. Min. Dates.

Tunbridge Wells.. 
Stow-on-the-Wold

81°
79°

43°
41°

12th & 3rd 
12th & 22nd

At Clapham Park from the 2nd to the 15th 
there was an absolute drought; but this, the only 
fine fortnight of a wretched summer, was broken 
both at Stow and Tunbridge Wells by small 
intermediate falls. F.R.Met.Soc.

E LE C T R IC  T IM E  T RA N SM IT TER S.
[157.]— In  reply to “Timer’s letter (No. 120), 

as the writer had always closely followed the 
progress of electric clocks, he in consequence was 
enabled to be ahead of him, having met with a 
transmitter which effected the automatic 
battery warning, and which could not stop on 
contact, the year previous to that mentioned

by him. The patent number of this trans
mitter is 24620/1904. A  warning bell, designed 
by the same makers, was discussed at some 
length in these pages during the following 
summer, and, judging from the correspondence, 
created a deal of interest.

May I  say how surprised I  am to note 
“Timer’s ” rash statement regarding the total 
number of parts of the make of transmitter 
described in your issue of the 30th? I  am well 
acquainted with the make he refers to, and can 
count well above 100 separate and distinct 
parts. The magnet-mounting and armature, for 
instance, contain over thirty distinct and 
separate parts, which at once absorbs the 
greater part of the number stated by him.

There are two home transmitters in operation 
at Plymouth which I  have had an opportunity of 
inspecting, and I  do not see any marked differ
ence in the number of parts contained in them 
and the make of subsequent date referred to by 
“Timer.” The number of moving parts is 
identical. W. Plymouth.

[158.]— Being interested in the above and 
familiar with the type described in your issue of 
April 30, I  was surprised to see in “Timer’s 
letter (No. 120) that the total number of parts, 
counting all screws and washers, in the instru
ment referred to by him did not exceed fifty. 
M y curiosity prompted me to make reference to 
an illustration taken from a recent price-list, 
and I  could easily distinguish more than twice 
that number. I  trust that “Timer"  will excuse 
me for pointing out this error.

C. W. S. Banbury;

A C U R IO U S  T R IA L.
[159.]— As one of the “others,” I  am afraid I  

cannot follow “Treadle’s ” explanations. In  the 
first case, supposing the weights used came along 
from some town in the South; the gold-dust, 
when weighed the second time, would be 
weighed with similar weights, which is equiva
lent to using the same weights. Then, in the 
case of a weighing machine being used, if 
weights of any sort were used in counterpoise, 
their very small loss, or gain, would not be 
negligible, as it would act in proportion to the 
(relatively) large loss, or gain, of the gold. For 
an explanation— as far as I  can see— the spring 
balance is the only chance.

The newspaper-cutting is certainly interesting, 
and. I  can assure “Treadle that the weak 
point is very unlikely to strike one, unless by 
chance. I  readily believe what he says about 
the leg-pulling.  Jaybird.

F IV E -F IG U R E  LO G A R IT H M S.
[160.]— Several months ago there was some 

correspondence in the pages of “ Ours” with 
regard to five-figure logarithm tables. I  do not 
remember those of Dr. Gausz being mentioned. 
I  found that the book was unprocurable in the 
United Kingdom, and had to send to the United 
States for a copy, through a well-known book
seller in the Strand. It  is a favourite fo g-book 
there, and is very complete, having the trigono
metrical functions of angles for the first and 
last degrees of the quadrant to single seconds, 
with p.p. for decimals; to 10", with p.p. for 
single seconds, for the next and previous 6°; and 
to minutes, with p.p. for seconds, for the re
mainder. The price is the absurdly small one of 
1s. 9d. net in London. It  is a German book, and 
the “ Vorwort zur Sechsten Auflage” is dated 
1895, though the title-page is dated 1908.

STEA M  CARS.
[161.]— If  “Faber” (letter 106) is the same 

that used to conrtibute to “ Ours” some eight 
or nine years ago, then I  am very pleased to 
again see his name in the “E .M.”

I  was conversant with the engine “Faber” 
mentions some time ago, before the details were 
published in the technical journals. The design 
in general is good, and although little effective 
work can be done by the steam after leaving 
the h.p. cylinder and undergoing such an 
enormous expansion, the l.p. cylinders act as 
powerful allies to the condenser, and if, as in 
the White steam car, when running on the level, 
a vacuum is obtained in the condenser, the l.p. 
cylinder would contribute a considerable 
amount of power. So long as four h.p. cylinders 
are retained, the idea of compounding an engine 
of the S erpellet type (for that is what the Lowca 
engine really is) is a good one. I  have often 
thought of adding a pair of l.p. cylinders to a 
Serpollet engine, to see wh at results would be 
given, but have never had the time. The power 
given by this engine is interesting to " Faber,” 
no doubt, as I  believe that be brought the first 
5H.P. Serpollet car to this country, and the 
four cylinders of this car were practically the 
same size as the Lowca engine— viz., 50mm.









































































TOOK PHOTO OF COMET
CAMERA ON T E LE S C O P E .

Exposure for Fifteen Minutes at Ob
servatory— Can be Plainly Seen With  
Naked Eye.

T h e  f i r s t  photograph of Halley’s 
c o m e t  s e c u r e d  in Toronto was taken a t 
t h e  o b s e r v a t o r y  this morning with a  
4 x 5  c a m e r a  of three-quarter-inch lens, 
T h e  e x p o s u r e  lasted from 3.45 to 4 
o ' c l o c k —fifteen minutes.

From the dome of the observatory 
the comet could be plainly seen w ith 
the naked eye. It rose at 2.43 and was 
visible till four o’clock, when day- 
light obscured it. Officials of 
the observatory followed the 
comet with the aid of the big tele- 
scope.

“ But it  was distinctly visible to the. 
naked eye," s aid Mr. Blake, the as
tronomer. ‘-One can see the comet 
better through opera glasses, because 
only a portion can be  seen a t a time 
through the telescope. The head of 
the comet is equal to a star of the 
second magnitude, but its light is 
dull. It rises before Venus, and is in  
line with the streets running east and 
west.

" To-morrow morning it rises a t  2.41. 
Then we will put a three inch portrait 
camera to the telescope."

THROUGH WINDOW.
Mr. A. R. Hassard saw the comet a t 

3.45 this morning. He h ad  little diffi
culty in finding it with the naked eye.  
even through a window partially cov- 
ered with moisture.

“The nucleus of the comet was very 
much brighter and more condensed 
than on Thursday,” said Mr.  Hassard. 
"The comet has moved the distance of 
the diam eter of the moon in the dir-  
ection of the sun. W ith opera glasses 
the tail can be seen quite clearly. The 
star seen last Thursday  sh in ing 
through the tail near the head can still 
be seen though some distance further 
back.





THE SKY MAP OF HALLEY’S COMET
SHOWING ITS ELLIPTICAL PATH ARO UND THE SUN AND THE PLANETS A N D  THEIR ORBITS. (Copyrighted 1910, by G. R. LOCKWOOD)

E X P L A N A T I O N .
The Sky Mapof Halley’sComet on the reverse side shows 

t h e Solar System which consists of the Sun, its Planets and 
Halley’s Comet which is a part of the Solar System.

It will be noticed that the Sun is the centre and that 
the various circles outside of the Sun are the orbits of the 
planets of the Solar System, which of course includes the 
Earth with its Moon. The distances of the various orbits 
of the Planets from the Sun are designated by millions of 
miles. For example, Mercury is 36 million miles from the 
Sun, and Neptune 2,790 million miles. Following the 
name of each Planet is the period of time required in its 
path around the Sun. At the lower part of the map, the 

velocity of the various Planets is marked in miles per 
second. Example: the Earth is revolving at the rate of 
8 ½ miles per second.

Halley’s Comet moves in an ellipse. It moves around 
the Sun in the direction that the hands of a clock move, 
and in the opposite direction to the movement of the Plan
ets. The Comet varies in its velocity. It obtains its 
greatest speed as it approaches the Sun, about 30 miles a 
second or 3,000,000 miles a day. It reduces in speed from 
its highest velocity to about two miles per second at the 
opposite point of the ellipse.

Halley’s Comet takes about 76 years to make Its 
journey of 7,000,000,000 miles around the Sun and back to 
its far away goal. Its path is an ellipse which extends 
outside Neptune’s Orbit. It was calculated that in April, 
1889, Hailey’s Comet crossed the path of Neptune. 
Shortly after crossing Jupiter’s path, it was discovered on 
September nth , 1909, 360,000,000 miles from the Sun. 
On March 2 4 , 1910, it was directly opposite to the Earth, on 
the other side of the Sun from the Earth, within the Earth’s 
Orbit and passed from the evening sky to the morning 
sky. About the middle of April, 1910, it may be seen by 
the naked eye, in the eastern sky at 5 A. M., and at this 
time in the morning, it can be seen above the Eastern 
Horizon for nearly a month. 

On April 20th, 1910, it passes the nearest point to the 
Sun (perihelion) and begins its return journey. On May, 
18th it will come between the Earth and the Sun, 13,000,000 
miles away from the Earth ; its nearest approach to the 
Earth. The length of the Comet’s tail is more than 15 
million miles so that the tail will sweep over the Earth 
itself May 18th. On this day, it will pass back again 
from the morning to the evening sky, and will be a mag
nificent object toward the last of May, in the Western sky, 
just after sunset. At this time, the tail will reach half

way to the Zenith, equal to the length of 60 moons edge 
to edge. The Comet will remain in the evening sky 
visible to the naked eye from about May 18th until about 
the 1st of July, 1910.

While approaching the Sun, its tail follows its head; but 
because the pressure of the light-waves is greater than the 
attraction of gravity of the Sun after passing its sun-goal, 
the tail will lead its head.

It last passed nearest to the Sun Nov. 15, 1835, and will 
probably not return again until 1986, about 76 years hence.

C O M E T S .
Comets are usually composed of a head and a tail. The 

head is solid, and reflects the light of the Sun. The tail is 
gaseous, and is repelled from the Sun by the light-waves. 
It is fed by a constant flow of particles from the head. 
Comets usually travel in an elliptical path, and return at * 
regular periods. Some, however, go off in other paths 
and never return.

NOTE I.—The orbit of the Earth is divided up into its 
twelve months, the Earth requiring 12 months to revolve 
around the Sun, the position of the Earth being located 
for each month. In the orbit of the Earth the Moon will 
be eclipsed May 23rd and again November 16th.

SOLAR SY STEM .
NAME DIAM' T 'R 

IN M ILES
DISTANCE FROM 

SUN
TIM E AROUND 

SUN
VELOCITY M ILES 

PER. SECOND

Sun 866,400

Mercury 3,009 | 36,000,000 88 D ays

V enus 7,630 67,000,000 224 D ays 21½

Earth 7,918 93,000,000 O ne Year 18½

Mars 4.211 142,000,000 Two Years 15

Jupiter 86,000 483,000,000 1 2  Years 8
Saturn 73,044 836,000,000 29½  Y ears 6

Uranus 32,000 1,782,000,000 84 Y ears 4

N eptune 35,000 2,790,000,000 165 Y ears 3½

Moon 2,160 240,000 from Earth 18½

COM ETS.
NAME

Encke
Biela
Halley’s

LAST PASSA G E  
OF SUN

1891

1859
1 835

MOST BRILLIA N T COMETS 
IN LA ST 100 Y E A R S

C om et A
Comet
Com et
D onati’s
C o g g ia s
C om et

C om et B

C om et B

18 11

1843
1858

1861

1880

1881

TIM E IN 
Y E A R S

76.37

800 years

REMARKS

Path becom ing  s horter each  time
D ivided  in two and disappeared
Path d iscovered  about 1700

The latest com et d iscovered

S een  in day tim e
Seen  in day tim e

C han ged  rapidly
Seen Sept. 17, in daylight. Tail divided and united again

HISTORY OF HALLEY'S COMET
Edmund H alley w as born in London. Novem ber 8, 1656 and died at 

Greenw ich on January 4, 1742. H is father w as a soap-b oiler yet  
found it p ossib le to g iv e  h is  son a good education . He w as a great 
friend o f S ir Isaac Newton, who d isclosed  to us the un iversa l law of

W hen 20 vears o f age , H alley published a paper on the Path of the 
P lanets. He noticed t hat the great com ets o f 1531-1607-1682 p assed  
th eir  su n -goa l (p erihelion ) about the sam e time. S o  he concluded  
that th ey  were one and the sam e Com et, nam ely The H alley Com et. 
H aving  arrived at th is  con clusion , he busied h im self with the path 
o f  Halle y 's  Comet, and finally issued  the follow ing p rop hecy,“ W here
fore if it should return, accord ing to our prediction, about the year  
1738, impartial posterity will not refuse to acknow ledge that th is was 
first d iscovered by an Englishman.'*

H a ll e y  observed a n  irregularity in th e  path of th e  Com et and concluded  
that the proxim ity o f  planets hastened or retarded its p assage .

The French Astronomer, C lairout, calculated that the attraction of 
gravitation  with which the Planet Jupiter influenced H alle y ’s Comet 
h e ld the latter back 518 d ays and in the sam e way the Planet Saturn 
h e ld it back 100 d ays, an d  this ca lcu lation  proved to be correct.

The Com et was sigh ted  on C hristm as n ight 1758, after a journey o f  
nearly 76 years by an Amateur Astronomer, said  to be a farmer named 
Palitzsch  who d iscovered  it with a small te lescop e.

The H alley’s Comet p assed  the Perihelion , March 12, 1759.
On A u g u s t  6th, 1835, its l a s t  appearance was recorded by Dumouchel 

an Italian at Rome about 7 7  years after its p revious v is it  in 1758. The  
Perihelion p assage took place N ovem ber 15, 1835.

Halley ’s Com et had its  first photograph taken in September, 1909, 
p hotography not b eing in use by Astronom ers at the C o met's last v is it ,  
Prof. M ax W olf, of H eidelberg, h as the honor o f d isco v er in g  the Comet 
by its photograph taken Septem ber 12, 1909.

Then powerful te lescop es were put upon its  track and h ave been  
escortin g  the d istingu ished  v isitor  ever sin ce . About the middle of 
April, the unaided ey e  w ill bid him w elcom e, after an ab sence of 75 y ears.

W hen sigh ted  in September, 1909, the Com et w as 360,000,000 m iles  
aw ay, between the Orbit o f Jupiter and Mars. He h a s  be e n sp eed 
in g  a lon g  at the rate of 2,000,000 m iles a day, w hile approach ing the 
Sun and rounding the S olar G oal in a spurt o f 3,000,000 m iles a day, 
at the head of h is  E llip tical Path.

In all but h is  last three v is its  he startled the Earth by h is  sudden  
appearance, but th ese  v is its  h ave not alw ays been so  eagerly  aw aited . 
A superstitious age  blamed him for every unfortunate even t during  
h is s tay . W ars, Earthquakes, p estilence and every hurtful even t  
were assoc ia ted  with H ailey ’s Comet. Fearing that h is  pre sen t  
return m ight lead to the slaughter of foreigners in C hina, t h e  G overn- 
ment of C hina and Foreign M issionary S o c ie ties  are circu lating liter
ature, en d eavoring to d isperse the darkness of superstition  by the 
lig h t o f sc ien ce .

His v i s i t s  h a v e  b een  recorded  a s  fa r b a ck  a s  t h e  year 11 B .C . The most 
reliable records o f the early v is its  of H ailey's C om et were made by the  
C hinese . There i s  an authentic record o f 26 v is its  w hich H alley ’s  C om et  
has paid the Earth, s in ce  the first recorded v is its  19? 1 years ago.

T ravelling  over a path 7,000,000,000 m iles in length , H alley ’s Comet 
im presses th is sc ie n tific age  with the infinite reach o f C reation  and 
the G lories of the Firmament.

The Come t ! H e i s on his way,
A nd sin ging a s he flies;

The whizzing planets shrink  before 
The spec tre of the sk ies ;

Ah! well m ay regal o rbs burn  b lue, 
And  sa te lli te s tu rn  pale,

Ten million cubic miles of head, 
Ten billion leagues of t a i l!

O n, on by w histling  sphere of light 
He flashes and he flames;

He turns not to the left nor righ t,
He asks them  not th e ir  nam es;

One spurn  from his dem oniac heel, 
Away, aw ay they fly,

W here darkness m ight be bottled  up  
And sold for " T y rian d ye .”

—Oliver Wendell Holmes

PRICE LIST.
Sky Map of Halley’s Comet, 8¾  x 10¾  inches, with history, explana

tion and tables, complete, postpaid. .......................................10 c
Lockwood’s Revolving Sky Map, 18 x 18 inches, showing the Planets 

and the Fixed Stars to the fourth magnitude. Neatly boxed, complete
with directions, express prepaid..........................................$ 2 . 5 0

W. 8. & E. Franklin Telescope, 3 inch objective, complete with finder
and three eyepieces, and semi-equatorial tripod..............$ 1 1 5 . 0 0

Hand Telescopes......................................$ 4 .5 0  to  $ 3 0 .0 0
Ross Stereo Prism Binocular, night g l a s s , .............   . $ 5 0 .0 0
“ Pleasures of the Telescope ” by Garrett P. Serviss . . . .  $ 1 .5 0  
“Astronomy Through an Opera Glass ” by Garrett P. Serviss, $ 1 ,5 0  
Pocket Electric Search Light, to examine Sky Map at night . $ 1 .2 5  
Set of 25 Lantern Slides of Halley’s Comet with lecture reading 

for sale or rent.

FO R  S A L E  BY

BOOKSELLERS AND DEALERS IN ASTRONOMICAL AND OPTICAL 
INSTRUMENTS OR ORDERS M AYBE PLACED WITH THE PUBLISHERS

WILLIAMS, BROWN & EARLE,
910 C H E S T N U T  ST. ,  P H I L A D E L P H I A ,  PA. ,  U. S.  A.










