m. Ilm‘ i ;
s E Jke WILLILK Banolay BTESHEND,; Hu-b{‘.

.., WEEE SAY ETRELT Wy
U akAmiba, BALIFONELL 2
o+ 1o ' Mareh 6,1948

Dr. Robert C. Mlller

Director of Californis Acedemy of Sclence
Golden CGats Park

San Franclsco, Califormnis

Daar Doctor Killer:

In vlew of the fact that you and Dr.
Hanna, after a recent Inspactlon of my horologiecal col-
laction, deem 1t worthy of a place in the Callfornia
Acadenmy of Sclenceg,and in view of the further fact that
it bas long been my dssire and wish that the collection
be kept intact in some sultable inatitution, preferably
on the Paciflio Coast, I am herewith tondering the collec-
tion to the Acedemy ss a gift.

As you noted from your viait, my collec-
tion conslats of clocks, watches, sundialas, boocks, old tools
and many other 1tems of horologlcal interesat. The collection
has besan assembled with the 1dea 1in mwind of 1llustrsting the
developmsnt of time telling apparatus frow the aarly be=
ginnings to the present time, and thus 1s both historicael
snd sducational.

The tender is made upon the following

goneral tArms:

{a) That as scon as a mutually sultable location
ean be provided, and as soon &8 1 can prepara 1t [or
installation, a repressntative portlon of my ¢ollaction
ba dalivered to tha Academy, title vesting In the Acocdemy
upon delivary.

{b) That the balance of the collection remaln in
my posasssion with unlimited authority to sell, trade
or mequire 1temsa of my ovn choosing with the idea ln
mind, of couras, of enhancing the value of the col-
lecklion.

(e) To dalivar From time to time othar and [urther
1tema from the balance of my eollectlon to the Academy
&5 may seem mutually advsntageous.

[d) That 1t be understood that thers shall nat be
included in the collaction eny ltsms which I havs by
any will or codiells to will bequaathad to my family.

(e) That the balance of any remaining itsms of
tho collection in my poasssssion at tha tims of my
death be daslivered to the Acadamy lorthwith.
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pr. Robert C. Miller L X . March 6, 1946

, (f) That it be further understood that the
old tools referred to above be considered thoaes of
historical interest, and shall not include, for the
present, my working equipment, but thet the disposi-
tion of these be left to futwure decision.

{g) That I ressrvs the right to octherwisa
disposs of duplicate items, should I ases [it.

(h) 3hould cpportunity arise for the aale
or sxchange of ltems in the possession of the Academy,
which in the Jjudgment of the Acadamy and mysel[l would
ba advantagesous te the collesgtion, than such asals oar
extchange could be offectsd. In case of.sale, the
returns to be applied for the benaflt of the col-
lectlion.

Please understand that It will be my

pleasure to asslst the Academy during wy remaining yearas
in arranging or plecing any ltems of ths collsstlion for
displey, or otharwliae, ahould m¥y aid and assistance be
desired.

I have discusasad ths matter of thils

gift fully with my wife and ehildren, and they approve
unanimousaly.

Very truly yours,
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Mareh Li, 1946

Dr. Wlliam B, Stephans
1250 Bay Street

Alameda, Callformis

Dear Drs Stephons:

I was very mich gratified to receive your lstter of Mareh &6 con-
firsing vour intention to make a gift to the Academy of your
horologlcal solleetion. On bahalf of the Aicadamy I as happy to
accept your gemercus offer and to state that wo are fully in as—
cord with tha terma you suggeat.

fa have a eortain limitsd amount of space immadiately availabls
for the display of such items as you may wish to install at this
tize and we atall plan to mbe a larger and more sultabls space
zvalloble as soon as our bullding progra= parmits. We greatly
appraciste your willingnese to msslst in arranging the collesgtien
for display.

e are very glad to aoquire this sollaetiom for the Acadeay and I
beliove that 1t will make an exhibit of parmansnt interest and
value to the public.

Sincerely yours,

fobart C. HMller
M reotor

RCM wh



33

WELLS FARGO BANK
3 '-_: o 3
Finmie addoess your reply o
WEILLS FARCO BANEK

Anzadoa of

,GAELANG mals BIFIEC
gROLGEY AT TOUATLCHTN BTREET
SANLAND & CaLFOEEls

ra"

! . Trust Daparggenf

-

_ : S 1T J > July 22, 19

%
Gaidfaonmin Azadomy of Jalance

Goldan Gate Park -
San Francisco, California

.

’ Re: 5-22778 - William Barclay Stephens
Gantlemen:

. As you may know, Dr. Willlam Barclay Stephens passed away
on February 28, 1962, and prior to his passing ereated a living
trust in which Walls Fargo Bank was namsd trustee.

¢  TUnder the terms of the above mentioned trust;. Dr, Stephens
provided a bsguest to the California Academy of Science in the
sum of £5,000,00 ....."to be nsed by said Academy for the main-
tenance of tha William Barclay Stephens Horologlcal collection.”

The purpose of this letter is to advise you that we are pre-
- par to distribute the variocus beguests in the trust within ths
next 30 to 60 days and will be forwarding to you a Receipt to be
" signed by the authorized asignatories of your organization and
would appreciate your advising us whether or not you wish us to
forward the Recelpt diréetly to you or through your bank depositary
for payment. ;

Very t

-MJW
- A - Hardh.augh

“Agsiatant Viee President-and
. ‘Trust Officer

CAW:dr

POSSERLY WELLE FRRZD Rass HERCid THULT OO sFead
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The Seapch I(op Gpeajl \X/allcl] Co”ecllions

An Opportunity to See One of the Great Watch Collections from the Past—
and a Search for Other Vintage American Collections.

Kathleen H. Pritchard (MD)

Also at the NAWCC Museum, on a loan basis, is the
Stephens Collection. Dr. William Barclay Stephens
(1869-1962)'? was a San Francisco doctor from the
same era as the Proctors. He did not have quite their
family wealth but he pursued his many interests dili-
gently and lived to a very old age. From 1917 on he
attempted to collect all models of American horology.
After retiring from his career as an ophthalmologist, he
devoted himself to his hobbies. He was a founder of
NAWCC and one of its directors from 1946 to 1951. He
was particularly devoted to the California Academy of
Sciences. In the 1950s he placed his extensive watch
and clock collection with the Academy, personally over-
seeing its display and supervision. The collection was
open to the public and viewed without charge. After
years of neglect, the collection has been lent to
NAWCC; some of the pieces were in the exhibition at
the NAWCC 2000 National Convention in
Philadelphia. (The Bishop Museum in Honolulu also
was given a collection of watches and clocks by Dr.
Stephens.)

Bulletin of the National Association of Watch and Clock Collectors, April 2001,
\ol. 43/2, Number 331, p 214.



Bulletin of the National Association of
Watch and Clock Collectors, February
1998, Vol. 40/1, Number 312, pp 67-68.

THE PAPERS OF DR. WILLIAM BARCLAY
STEPHENS, 35 YEARS AFTER HIS DEATH

by Kathleen H. Pritchard

The papers of a number of the NAWCC giants have been
donated to the NAWCC Library. Now sorted, catalogued and

February 1998
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boxed, they are available for consultation. Of particular
interest are those of Dr. William Barelay Stephens, Qur four
boxes contain personal material and photographs, the cata-
log of his enormous collection of timepieces and books, copies
of his many writings, and many records of his relations with
the NAWCC, with Chapter #5, now called the W. Barclay
Stephens Memorial Chapter, with the California Academy of
Science, and with many California societies. Ie was a man of
protean interests and incredible energy. Almost everything
he saw interested him and led him to pursue it until he knew
enough to write or give a talk about it.

Dr. Stephens was born in Paris, Kentucky, in 1869. He
went to Georgetown College in Kentucky and received a
Master's Degree in history in 1890. He then went to
Columbia University’s College of Physicians and Surgeons to
study medicine; he graduated from there with honors in
1893. He began at once to practice medicine in San Franciseo,
with a second office in Alameda, in the San Franecisco area,
finally specializing in ophthalmology and otolaryngology. At
the same time, he attended Dublin University in Ireland for
additional studies. He received a LL.D. from Georgetown in
1920. He developed interests in the Boy and Girl Scouts and
in many societies and philanthropies. He continued the
active practice of medicine until the 1940s when he was in
his seventies.

Dr. Stephens felt that every man should have a consum-
ing hobby and among his many, the chief was horology. He
described it thus, “My hobby is time-telling apparatus from
the early times to the present, as represented by a collection
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-~ Dr. W. Barclay
 Stephens.

of clocks, watches, sun dials, sand glasses, various tools used
by artisans, and a horological library.” He continues,

“Why Clocks and Watches? First, T have always been
interested in mechanical things. Second, Clocks and Watches
seem to have almost life and soul. Third, they have an appeal
as objects of art. Fourth, the mechanism is fascinating in its
oft-times wonderful detail and workmanship. Fifth, interest
in learning about the master workmen who have contrived
and made these mechanical marvels; men usually of superi-
or intelligence. Sixth, in the legends and stories connected
with the various pieces. Seventh, my hobby has been the
source of many delightful friendships with collectors and old-
time Watch and Clock Makers. Eighth, taking these delicate
mechanisms apart, repairing broken parts, replacing missing
portions—afford a diversion for the mind that is complete.”

Among his papers in our library are the histories of almost
every one of his horological pieces. As an accessory to his
hobby, he contributed more than 20 scholarly studies to horo-
logical and historical journals.

Dr. Stephens gave his collection to the California
Academy of Sciences in 1946, catalogued each piece, oversaw
the placement in cases, and provided informational material
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for each display. He became the Honorary Curator of
Horology at the Academy and while keeping an eve almost
daily on his collection, he traveled as well to many other
museums to learn more about display techniques. He also
gave a collection of watches and clocks to the Bernice E.
Bishop Museum in Honolulu and traveled there to catalog
and arrange the opening exhibition.

Dr. Stephens was a founding member of the NAWCC; his
early membership number, 22, was chosen as the number for
the Old Timers’ Chapter of which he was president. He
served our Association as director (1946-1951) and vice-
president (1949-1957) and was on many of its committees.
Among his papers are programs for all the National
Conventions that he attended and correspondence with many
of the other early “greats” of the Association. He founded
Chapter #5 in 1948 and was also its chairman for many
terms. (Chapter #5 will be observing its fiftieth anniversary
this year.)

Dr. Stephens died in his sleep on February 28, 1962, 35
years ago this month, at the age of 93.

For those interested in the writings of Dr. Stephens, many
of his articles can be found in the NAWCC BurLerin. A list-
ing of a few of these articles includes: “Method of Cataloguing
Watch and Clock Collections” (July, 1946); “The Wenzel Air
Clock” (October, 1947); “An Edward Howard Clock” (July,
1948); “The Hamlton Seven Jewel Watch” (July, 1949); “The
Newark Watch Co. and Its Career” (February, 1950); “The
United States Watch Company, Marion, New Jersey” (June,
1950); “The New York Watch Company” (February, 1951);
“The Horological Collection of Dr. William Barclay Stephens”
(December, 1951); “The Foucault Pendulum” (December,
1952); “Charles 8. Crossman 1856 — 1930” (June, 1953); “The
Adventure of the Lord’s Prayer” (April, 1954); “J. P. Stevens
His Watch Company and Inventions” (December, 1954);
“Antide Janvier and One of His Clocks” (December, 1956); “A
Watch Commemorative of the American Revolution” (June,
1957); “A Skull Watch” (April, 1959); “Next Year In
Jerusalem A Hebrew Clock and Wateh” (October, 1959); “A
Clock of Jade” (December, 1959); “Time Balls” (December,
1961); and “My Hobby Philosophy” (August, 1962). Two brief
biographical articles about Dr. Stephens also appeared:
“Autobiography of Dr. W. Barclay Stephens Wherein He
Reminisces of His Early Years In A Letter to Harry S. Blaine
Dated October 30, 1950” (April, 1967); and “Early Giants: Dr.
W. Barclay Stephens” by Urban Thielmann (April, 1984).

Personal papers of NAWCC members provide historical
information about the NAWCC and about the areas of horol-
ogy that were of interest to these members. The NAWCC
Library is interested in obtaining other such material for our
collection.



First article by W. Barclay Stephens to
appear in an NAWCC related publication

The Time Keeper No. 4, March 1945

THE CHRONOSCOPE

by Dr. W. B. Stephens (#22)

Opinions differ among horological writers as to just
what is meant by a Chronoscope. Likewise this dif-
ference of opinion is found among the writers on
physics, from which branch of science the word was
introduced into horology.

Edward J. Wood in his book “Curiosities of Clocks
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and Watches” (1866) describes under the heading of
Chronoscope a certain ornate clock with three sides
of glass through which the movement could be seen.

The French call it a “Pendule aux Giuchets,” a clock
with little windows; and the Germans, “Die Uhr mit
springenden Zahlen,” a clock with springing or jump-
ing numbers.

A frequent application of the name is made to the
Chronograph or what is commonly known as the stop
watch or timer. Britten thinks that it should be so
applied and in the three editions of his “The Watch
& Clockmakers Handbook” which I have, viz., the
seventh (1889), the tenth (1902), and the fourteenth
and last (1938), there is a section under the heading
“Chronoscope” which reads as follows: “This word,
which from its derivation appears to be a more suit-
able title for the watches generally known as the
Chronograph, is used to denote a clock in which the
time is shown by figures presented through holes in
the dial.”

I do not agree with Mr. Britten in this statement,
On the contrary, I think that from its derivation the
word Chronoscope is a more suitable title for the clock
with the hole in the dial, presenting the changing fig-
ures, than for the Chronograph.

Both Chronograph and Chronoscope are derived
from Greek words. Chronograph is from Chronos,
time, and graphein, to write or record.

When the hand of a stop watch is arrested as the
result of the action of the “stopping” mechanism, the
“stopped” hand is in itself a record, despite the fact
that no mark is made on the dial. However, as a mat-
ter of fact, some of the earlier stop watches had a
small ink receptacle upon the tip of the hand which
made a mark at the stopping point. Furthermore, the
Chronograph used by the astronomer makes a mark
at the instant the star or other observed heavenly body
passes the Zenith. Thus the idea of recording seems
definitely associated with the Chronograph.

The derivation of Chronoscope is Chronos, time, and
skopein, to see or show. This same “scope” is familiar,
in many other words, e.g., telescope, microscope, etc.,
all carrying the idea of seeing or showing.

All these things would seem to make Chronoscope a
much more suitable appellation for the clock or watch
with figures presenting through a window or windows
in the dial than for the Chronograph.

The last edition of Britten’s Handbook was revised
by J. W. Player, who has inserted an entirely new sec-
tion, entitled “Jumping-figure Watches” (sometimes
called “Chronoscopes” and “Secometers”) (the word
secometer is unfamiliar to me, nor do I find it in any
available dictionary). The first sentence of this sec-



tion reads as follows: “A revival in a modified form of
the old idea of indicating the time by means of mov-
ing figures showing through openings in the dial.”
(page 229). Such a mechanism with its jumping fig-
ures catches the eye and would seem well fitted to
carry the title Chronoscope, i.e., seeing or showing
time.

To clarify some of the confusion relative to these
two terms, I propose that we members of the Associa-
tion place under the category of. Chronograph all those
time pieces which can be denominated stop watches,
whether the “stopping” is by the arresting of the mo-
tion of the balance wheel or only the hand or hands:
and under Chronoscope those which show both hours
and minutes by the changing figures or the hours only
by the changing figures, and the minutes and seconds
by the conventional hands. I have for some time fol-
lowed this plan with my own collection.

The idea of the Chronoscope is by no means new,
as I learned twenty-five or more years ago from one
of my earlier horological adventures, when from an
old striking movement, I made a chronoscope, though
I did not know it at the time. In making this Chrono-
scope the old dial was replaced by a square sheet of
brass with a three-inch opening in the center. Hour
numerals and a minute circle were painted on as an
ordinary dial. A disk of brass was then made of such
diameter as to cover the hour numerals but not the
minute circle. Twelve pins, evenly spaced, project
backward from the disk. A rectangular window was
cut in the disk of a size and position to expose one
hour numeral at a time. On the hour the window is
shifted by the striking mechanism to the next succeed-
ing hour and locked by its pin. Several months after
“inventing” this mechanism, I saw in the Metropolitan
Museum in New York a watch which had shifting
hour numerals much like the last watch described in
this paper. Since the watch in the Museum bore the
date of about 1750, T was disabused of the idea that
I had made a new discovery. Despite the fact that I
found that the idea was not new, I did have the fun of
discovery and of becoming Chronoscope conscious. 1
have never seen one like mine; and furthermore, mine
has the point in its favor that one does not have to see
the numeral itself, as the position of the window
marks the hour. Shown in Fig. 30.

Chronoscopes, like many other novelties, seem to
appear in cycles, only to be replaced by conventional
timepieces. At the present time the electric clock may
be responsible for helping to cause one of these cycles.
In some of the larger and newer railroad stations and
other public buildings are to be seen the time being
flashed or jumped before your eyes; and for the home

are being made small clocks on exactly the same prin-
ciple — such as shown in Fig. 31.

In 1902 and 1903 appeared the “Plato” (Fig. 32)
which had rather an ephemeral existence, probably
largely due to its cheap construction, its proneness to
get out of order, and the difficulty the average watch-
maker had in readjusting the flitting numerals.

The remaining items are all watches. The two
illustrated in Figs. 33 and 34 show the time in a simi-
lar manner, but differ under the dial and in the form
of the third wheel, which wheel helps to give the
“shift” to the numerals. The one in Fig, 33 has a sec-
tor of the teeth omitted, while the piece shown in Fig.
34 has one of the teeth prolonged downward. Neither
bears a name, though the one shown in Fig. 33 has a
monogram “C.W.” and Fig. 34 has “A & L” on the dial.
Nor is there any mark showing where the watches
were made. They are well made with lever escape-
ments and I suspect they are Swiss. Perhaps some
member of the Association may know their origin.
The date “Feby. 24, 1885” on the one in Fig. 33 would
probably apply pretty closely to the one in Fig. 34.

The one in Fig. 35 is marked “Swiss,” but no name
of maker. It is a 24-hour watch, the 1-12 numerals
shifting to 13-24. Tt is an ordinary train, lever escape-
ment, with the center wheel planted to cne side of the
center. The shifting of the numerals is accomplished
by a cam and levers under the dials. The under dial
carries the sets of numerals with the figures alternat-
ing as is shown in Fig. 36. Fig. 37 shows the mecha-
nism operating the shift. I have not been able to
learn the date of this watch.

The last item is by Perrins Freres, Neuchatel, and
is such an exquisite little watch that I am including a
picture (Fig. 38) of the back of the case, which is of
gold, decorated with black and white enamel. Tt is a
cylinder escapement and was made early in the 19th
century. The hour is shown through the little win-
dow; the minutes and seconds by ordinary hands. The
shifting mechanism is of simple design and located
under the dial. This is shown in Fig. 39.

More extensive descriptions of the mechanisms of
these various timepieces would have made this paper
too long.
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Time
and Time-Telling

by

Dr. William Barelay Stephens

HONORARY CURATOR OF HOROLOGY
CALIFORNIA ACADEMY OF SCIENCES

California Academy of Sciences
San Francisco
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PREFACE

This brochure owea its existence to the presence of the horo-
logical collection in the California Academy of Sciences, and the col-
lection to 2 hobby which had its beginning when I was a lad in Eentucky.
In the attic of the old home were two old clocks which had a great
fageination for me and which were eventually turned over to my tender
mercies. The smaller one 1 finally got to ticking, but the larger one,
proving too much for my early horological efforts, was made into a
cabinet for my bovhood curios.

Then there occurred the interlude of the college years, the
graduation in medicine, and the starting of practice in California.
During these years the hobby lay dormant. Then about forty years
ago upon a trip to Kentucky, 1 found in the storeroom al the old home
place the clock-cabinet. My interest in it as a clock was revived, and
1 decided to restore it to its original form. All of the formerly re-
moved parts that could be found in the attic were agsembled, and the
clock shipped te California where it was meticulously restored and
given a place of honor.

Thizs clock of my maternal grandparenis seemed to act as a
magnet, and gradually a large tick-tok family was gathered about it.
until as the years passed there were clocks, watches, and other
horological items from the four quarters of the globe. And, too, there
was an horological library of about 300 volumes and numerous journals,

Tiis clock was Hhe beghoring of the collection, it was made by
C. & L. lves, Bristol, Conn,, abouf 1833.
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As the collection grew the range of interest widened; no longer
was it just old clocks and walches, but time iteelf and all the various
methods of time-telling both past and present were embraced, This
required more extensive study and research. Thereby my hebby had
hecome the occasion for me to delve into history, biography, geog-
raphy, mytholegy, various branches of science, mechanics, and me-
chamical manipulations.

Through my reading, correspondéence, and personal interviews,
I have been brought Into friendly relations with astronomers and other
aclentists, elergymen, philosophers, engineers, statesmen, and artisans,
All these different classes have made delinite contributions to horo-
logy, and many have even made clocks and watches with their own
hands.,

My hobby has given me relaxation and respite in the midst of
a rather stremuous prolessional life. It has taken me for oulings both
in the physical and intellectual world, There have been occasions for
familiarizing myself with certain phases of art. It has opened new
vistas and increased my interesis and added zest and purpose to my
reading. Delight and interest added to travel, and many an otherwise
prosaie trip has been ralsed to an adventure. But most of all it has
provided new friends to take the place of those whom death has been
rapidly remowing.

These personil experiences have left me flrmly convinced that
every man should have a hobby and learm to ride it before he has
reached middle life. In this day of short hours and early retirement
age, hobbies seem all the more mecessary. The provident man laya
aside a portion of his earnings against the day when his earning ca-
pacity ceases. Is it not equally important that provision should be
made for the intellactual and spiritual welfare during the declining
years as for mere food and raiment? 1 regard it as a duty to pre-
pare for an orderly, useful, and enjovable old age, and so to be able
to profit by the leisure which has come; otherwise the last years are
apt te be dour and mere vegetation,

The hobby or hobbies should be adapted to the temperament,
tastes, and needs of the individual. The ldeal Is one that satisfies
the physical, mental, and spiritual cravings of his nature.

We can not hinder the passage of the years, but we can do
much by so ordering our lives as to keep from prematurely growing
bielogically old.

In a properly chosen hobby or hobbies and faithfully practiced
may be found one of the best assurances of keeping mentally and
physically fit to the end of life — the brain and hody giving out to-
gether and like the Deacon's One-Hoss Shay going up in a puff of dust.

The Author
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"what it time The thadaw on the dial, the siziking of ke clock, the runfdng
of the sand, day and night, summer and winter, months, years, ceniwries — these ate but
arhitrary and outward signs, the measure of time, not time dseld.

Time is the life of the soul.”

== Henry W, Longfellow

TIME AND TIME-TELLING

Time ia one of those basic concepts of which we have a fairly
clear understanding, but for which we find it difficult to formulate an
adequate definition.

The most striking characteristic of dme i2 molion, and in
many of our aphorisms or sayings about time there appears this idea
of motion. "Tempus fugit," said the old Roman; "time flies,” say the
aped of today: and the young, "time drags. ™

'iNae man can tether time or tide,” said Robert Burns.

"Panting Time teiled after him in vain," was said of Samuel
Johnson; and Shakespeare says in As You Like Ii: "Time travels in
divers paces with divers persons. ['Il tell you who Time ambles
withal, who Time trota withal, who Time gallops withal, and who he
stands stlll withal."

In this quotation Shakespeare not only attributes motion to time,
but with hia usual keen insight into human nature points out how time
apparently passes with varying speeds. We have all experienced this
apparent variatlon in the rapidity of the passage of Uime. Depending
upon age, state of mind or body, or circumstiances it apparently passes
glowly or rapidly, When we are deeply absorbed in some intensely
interesting project or some joyous affair time slips by swiftly and
unobgerved. But wheén we are accupied in an oninteresting and hum-
drum task, awaiting a late train, or awaiting the culmination of some
happy event, time may seem to drag along almost interminably.

Motwithstanding Shakespeare's (estimony and our own personal
experiences, time does not vary in its pace, but moves along uniform-
ly and relentlessly, and alwaya forward, mever backward.

In view of the close association of Ume and motion it s most
fitting that a moving body should be the unit of measurement of time;
vig., the daily rotation of the earth, which as long as man has been
able to measure it has been found to vary its average time of rota-
tion by only 1/1000 of a second per century. The rotation is usually
gaid to be in 24 hours, but it is in actuality 23 hours 68 minutes 4.081
seconds of mean solar time.

Now having established the unit of measurement fo:
can turn to the kindg of time of which, In ordinary cf |
are five. Two of these are gotten by obs 0 of
the other three are artificial, or man-made. The tw
are: Sidereal, or Star Time, and True Sol

Mean Solar Time, Standard Time,
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Sidercal time is both the most accurate and imporiant time
and i8 ultimately the source from which all the others are calculat-
ed, It is the time used by the astronomers. In determining sidereal
time the stars generally chosen for observation are the ones which
eross the meridian at Washington with the greatest regularity, thus
enabling the observer to recheck them night after night. These stars
change with the changing seasons, They are so many hundreds of light
years beyond our solar system that they are, to all intents and pur-
poses, fixed and therefore can be sighted with greater accuracy than
a moving body, For the observation a transit — a form of telescope
— i8 #et in the north and south llne of the place where the cbser-
vation Ia being made. One of the chosen stars is sighted and the time
of passing the eross wire of the transit is noted; the following night
it is again sighted and noted as it passes the cross wire. This marks
one rotation of the earth, and the time elapsed is a sidereal day.
Usually several stars are noted durlng the course of the evening and
an average taken, thus making for greater accuracy. The star being
approximately a mere point can be sighted with great precision, to
an accuracy of a few thousandths of a second.

When taking irue solar time the sun is observed at noon. Un-
like the star, it is large and can not be pinpointed as ecan the star,
and therefore the observation is less accurate, about 1/10 of a second.
Furthermore, the glare of the sun tends to dazale the eye and its
heat to distort the lena of the transit. Since there is but one sun a
double check is not possible, But the most serious source of error
& the fact that the earth is hartling through its elliptical orbit at
great speed, and by the time the second ohservation is being made
the relative positions of the earth and sun have so altered that the
garth must turn a trifle more than a full rotation for the sun to be
centered and the time noted, This of course means that the true solar
day is a little longer than the sidereal.

Another factor altering the length of the true solar day, and
one which is not uniform, is that the speed of travel of the earth
about the sun is not uniform by reason of the orbit being elliptical
and thereby at times bringing the earth closer to the sun than at
others. The closer the earth to the sun the greater the attraction of
gravitation, and therefore the greater the speed and consequently a
further alteration in the length of the day. As a result true solar
time can differ from mean time {rom gero to a little over 16 minutes.
There are, during the course of the year, three phases of decrease
and three of increase, thus making three waves. This variation is
called the eguation of Lime.

Since the true solar day averages a little longer than the side-
real we find there are 365.24 true solar days and 366.24 sidereal
days in the wear, a difference of just one day. If we equalize, or
average, all the true solar days in a year we will have converted
them into mean solar days. each day of the same length. Thus we
have mean solar tlme. The ordinary suncial records true selar time,
whereas our ordinary household clecks record mean solar time.
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This difference between true and mean solar time is called
the Equation of Time. A clock to keep true solar time has to be o
complicated one. As mentioned above, mean solar time iz caleolated
from sidereal becagse of the greater accuracy of the sidereal.

The time at any specific place is determined by iis longitude.
Thus two places only 2 short distante east or west of each other
would have different times. With the coming of railroads and other
forms of rapid transportation and the spreading out of population over
wide areas, these local times made transportation hazardous and cans-
ed confuzion in business and social relations. To remedy this siiu-
ation standard time was introduced in 1833. This time is based upon
the fact that 15 degrees of longitude equals one hour of time. There-
fore, by dividing the world into time zones of 15 degrees each and
making the time throughout each zone uniform, each zone would dif-
fer from its adjoining zones by one hour; the zone to the east being
one hour faster and the one on the west one hour slower. The zoning
was started at the Greepwich Observatory in England. In the United
States there are four zomes. Beginning ai the easi they are: Eastern
Standard Time, Ceptral Standard Time, Mountain Standard Time, and
Pacific Standard Time. To meet such exigencies as the line passing
throush a city or for other reasons, the line is offsel one way or the
other. The accompanying map will show the zones in the United Siates
and the offsets.
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The adoption of 3tandard Time was one of the greatest aida to
transportation and commerce throughout the whole world. When the
International Meridian Conference met in 1884 and established Green-
wich as the Prime Meridian from which to start the zoning for stand-
ard time, the zoning was started in both directions; i.e., east and
west. [t therefore followed that in circling the earth the two would
meet half way around, 180 degrees [rom Greenwich. The point of
meeting is called the International Date Line. Upon crossing the line
when going west the date iz advanced one day, and when going east
it is set back one day. This line like some of the ordinary 15-degree
linez is not perfectly straight, but shifis from side to side to avoid
or to inciude certain islands which lie in that part of the Pu.ni:l.‘l.n
Owcean.

Daylight Saving Time, while proposed many vears back, did
nol come into geperal use until the time of World War II. It 1s8 of
very doubtful value. In this the clock is set ahead one hour during
the summer days when the sun rises early. Since this is not adopt-
ed throughout the whole country it is a source of much confusion and
an especial plague to the traveler who is on standard time.

This brief outline gives something of the nature and character-
istics of time, its unit of measurement, and the various kinds of time
which have arisen in response to the demands and needs of advancing
civilization. It has required many centuries for time-telling to have
reached its present state of accuracy and importance.

Sp accustomed are we In these hurried, busy days to associ-
ate the passage of time with elocks that we may at times lose sight
of the fact that primitive man did not start his time-telling with clocks,
but with nature's timekeepers: the sun, the moon, and the stars. His
unhurried nomadie life gave him ample opportunity to observe, to
ponder, and te learn the value and use of these denizens of the sky
as time-tellers.

It is likely that the first two things to arouse primitive man's
consciousneas of time were the regular recurrence of day and might,
and his stomach through its regular and insistent demand for food.
As he gradually turned to agriculture and a more setiled form of life
he began to divide the day by the sun's position in the sky and by the
moving shadows cast by a tree, a rock, or even a stick purposely
placed upright. This was the birth of the sundial, the first manmade
timekeeper, and one which was destined to serve for thousands of
years.

Despite the appearance of many other time-telling inventions
the sundial has not been entirely discarded: however, nowadays it is
used chiefly for its artistic and aesthetic effect. For its long serv-
ice and its important place in the history of time-telling apparatus
it degserves more than o passing mention. Only a book would suffice
for adequate description and recognition. Here a brief account will
have to serve. Through its long career it has gome through a great
number of different forma from its crude beginming to some of the
scientifically constructed instruments of the present day; and from
the strictly utllitarian to the artistic. In all the forms the basic
principle has been preserved.
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The early Egyptian, Asayrian, Babylonian, and Chaldean priest-
astrologers played an important part in the development of the sun—
dial. The [irst deseription of the construction of a sundial was given
in 340 B.C. by Berosue, a Chaldean. The first authentic written ree-
ord of a sundial 18 in the Bible, 11 Kings, Chapter 20, and also in the
38th chapter of Iswiah. In these two places Isaiah is stated to have
performed the miracle of turning back the shadow on the dial of Ahaz
10 degrees, or steps. This was about 720 B.C.

Sundials fall Into two main categories: the stationary and the
portiable.

In England are found some of the best examples of the sta-
tionary type. and they usually are placed in most fitting settings.
Most of them carry motioes or inscriptions varying in their temor
from the somber to the joyous.

In Egypt one of the funciions of the obelisks was to serve as
sundials, and probably the Pyramids also.

The poriable dials were of various shapes, e.g. dials in the
form of a napkin ring. Shakespeare at times refers to dials of this
form. Handsome dials of two plates of ivory and called book dials
were made on the continent, and in the Pyrenees were many in the
form of cylinders, called shephard dials. Many of the portable dials
had upen them notations of the latitude of the principal cities so that
they could be "set" for the latitude of the place where the time was
being taken. The style, or gnomon, had to be at the angle, or lati-
tude, of the place. In some of the poriable forms instead of the
gnomon thers was a small hole at the proper latitude which was twrn-
ed toward the sun; the ray of light passing through falling upon the
hour scale marked the time, the ray of light serving in place of the
usual shadow,

Noom Gun Swndial -
The gun is fired at noon by the focusing of the sun upon
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So inaccurate were the early watches that portable dials were
long carried to check the waiches,

Sundizls have recently been consiructed to record mean solar
tinne.

Those who may be interested in sundials will find in Sundials,
by Mayall and Mayall, an excellent gensral work on the subject and
in The Book of Old Sundials & Their Mottoes, by Warrington Hogg,
a short dizgserlation followed by many ioteresting mottoes. T. Geoffrey
Henslow gives in his book Ye Sundial Booke fine pictures of a great
rumbér of the English dials and their molitoes.

For the night hours primitive man had the stars with their
regularly changing positions as a night clock.

About 1520 there was made an instrument for taking star time.
It was called a Nocturnal. (One of these is in the case along with
the sundials and other carly forms of timekeepers.)

With the further advance of clvilization there arose the need
of a timekeeper for the dark days when the sundizl could not function.
For this purpose there was osed a tightly twisted, dampened grass
rope with kmots al regular imtervals amd which when lighted burnped
at a fairly uniform rate, the knots marcking the time intervals.

A later refinement of this idea was King Alfred's marked
candles. Another of the primitive methods was a bagin with 2 small
hole drilled through the bottom and placed uwpon water. A watcher
stood by and when the basin sank he would sirike a gong, thus call-
ing atiention to the hour. He would then retrieve the basin, place it
agnln upon the water and resume his watching. Thig might be called
the first town clock.

There 18 a record of the sinking basin being used in Egypt
in 4000 B.C., and some evidence of an even earlier use in China,
In some parts of India this method was in nge up to modern times.
This crude method graduslly developed into the water clock, called
by the Greeks a clepsydra, meaning a waler stealer, (One of these
ia shown in the Horological Collectlon.) In the 2nd century B.C. ope
was made in Alexandria which, by means of wheels, ralsed up a fig-
ure which pointed to the hour. This is the firat record of the use of
wheels in a time-telling apparatus. Seme of the clepaydras made by
the Greeks were very cluborate affairs, They were very commonly
used in the Roman Forum and in the Greek Agora lor timing the
gpeeches of the senators and other speakers, I was chieflly with the
elepeydra that the monks in the monasteries during the dark ages
timed thelr cantnical houra, announcing them with a bell., Water
clocks were In use in England well up into the 1Tth ceantury. They
were inaccurate due to the uneven flow of the water, wearlng of the
hole, and evaporation, especially in the hot dry elimates. This oc-
currence of evaporatlon wuas one of the reasons giving rise to sand-
glasses. Those are still a familiar sight in our kitchens as egg timers.

10
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gome of the
early sandglasses
ware vary elaborate,
having a8 many as
four glasses, mark-
ing 1/4, 1/2, 3/4,
pond 1 hour., The
most [requent use
of these was in the
churches o time Lhe
germons, A 2A-gac-
ond glass was long
used aboard ahip for
calculating the num-
ber of knots per
howr, and only In
recent yeara has it
been replaced by
more modern meth-
oda, The earliest
authoritative record
we have of the use
of the sandzlass s
in the 13th century,
but it was probably
in use before that
time.

Jpe more
type of time-teller
should he mentioned
before discussing
mechanical elocks,
though as a matter
of fact it did not
come into use until
after mechanical
clocks were made.

Reproduction of @ German 14th century Sandglass.
Made by W.B.5. ix 953.

This is the Oil Clock, which like King Alfred's

candles gave light as well as time. The level of the gradually con-
sumed oil marked the time.

Weights and geared wheels were in usc before the Christian
era. but what we know as clocks could not be until a method was
found to permit the falling weight to release its power gradually and
uniformly: i.e., until an escapement was invented, an arrangement by
which one tooth at a time of the escape wheel is let off, or allowed
fo "escape.” al a uniform rate.

11
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When and by whom the firsi ERCAPpEMeNL Wis mide hig never
been determined with any dl.-;p,n.'l: ol certainty, but It is probable that
it was in the latter part of the 13th century by a monk in one of the
Itallan monasteries. It was also In Italy, according to our best rec-
ords, that the firat tower, striking clock wasa built and installed in
the tower of a cathedral in Milan in the year 1335. At this period
Italy stood at the head of all other countries in the sclences and the
arts.

Strong elaima are made that two tower clocks were made in
England about 1280, but without striking mechanisms.

: '1

o i
1 l
Illllllllllllln.--lh-‘m----. .

Strashouwry Cathedral Clock
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Of all the early clocks the most famous and most complicated
is the Strasbourg Cathedral clock. It was begun in 1352 and complet-
ed in 1370, rebuilt in 1571 and again in 1842, This clock in addition
to giving the time shows many astronomical phenomena such as the
moon's phases, time of rising and setting of the sun, dates of reli-
glous festivals like Easter and others. At noon each day the twelve
Apostles march out, and the cock crows three times, recalling Peter's
denial of Christ.

The most frequently mentioned nowadays of the great modern
clocks is Big Ben in London.

The earliest ¢lock of which we have the date and a descrip-
tion of its construction is the one which Charles V of France had
built by a German mechanic whose Geérman name was altered to
Henry de Viek. This clock was begun In 1362 and finished im 1370,
In many of the books on horology this clock is cited as the prototype
of early clocks, and its escapement iz widely pictured.

Foliot and its weights

Verge or Spindle

g

Crown Escape Wheel

Verge Escapement and ils paris

This firat farm of escapement was called a verge, or spindle,
egcapement, a crude and imaccurate affair, yet to remain without
practical improvement for over 300 vears.

51



The clocks of this period were most inaccurate aceording to
our present-day standards. The flrst step toward an improvement in
their timekeeping was the discovery in the year 1581 of the law of
the vibration of the pendulum by Galileo, and later its practical ap-
plication to clocks in 1657 by the Duteh astronomer Christian Huygens.

The account of Galilen's discovery of the isochronism of the
pendulum is worth repeating. While in the cathedral in Pisa he be-
came interested in the swaying of the great chandelier which was
suspended overhead. The air currents were causing it to swing in
long and short swings. Using his pulse, in the absence of a watch,
to time the vibrations he found that the swings, or vibrations, were
performed in exactly the same time whether they were long or shert.
This is what is termed the isochronism of the pendulum. This law
and the further one that the time of the swings is determined by the
length of the pendulum form the basis upon which the value of the
pendulum as an accurate timekeeper rests, All pendulums of the
same length swing in the same time, By reason of these two guali-
ties of the pendulum it was the most important single discovery to-
ward making the clock an accurate time keeper.

The great improvement which followed the application of the
pendulum seemed to release the inventive genius of the clockmakers
and goon the 300-year-old verge escapement was replaced by more
efficient ones. A steady stream of new escapements and other horo-
logical inventions began which by modern times made possible the
building of astronomical clocks keeping time with an accuracy of one
second a vear,

Not long after the successful application of the pendulum to the
clock, a colled spring was added to the balance wheel of the watch —
called a balance, or hair, spring — doing for the watch almost what
the pendulum had done for the clock. Also as In the clock the verge
escapement was gradually replaced by much more accurate ones.
(This evolution of the watch is shown in one of the watch cases at
the Academy.) Until recently it was fairly definitely thought that the
first watch was made shortly after 1500 by Peter Henlein, a lock-
smith of Nuremberg, and was jocularly called Peter's turnip because
of its shape and size. However, documents have recently been found
In Italy which tend to prove that watches were made in that country
many years before the ones by Henlein.

The early watches were even more inaccurate than the clocks,
for in addition to the inefficient verge escapement, springs were used
for the motive power, weights of course being Impossible in a watch.
These early springs were crude and shori and very uneven in their
sirength, being very strong when wound up and rapidly losing in pow-
er as they ran down. This added greatly to their Ipaccuracy.

Many of the old watches had very beautiful cases. Some were
of very bizarre design. as in the form of a skull, a cross, or other
odd shape. The material used in their construction was often unusual,
such as crystal or semiprecious stones. Theae efforts at
them may have been in part an effort to compensate for their unre-
liability as timekeepers.
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Modern clocks and watchea are largely a product of exact
science, the laboratory, and automatic machinery — things at which
we may marvel, but from which o large part of the personal element
is eliminated; whereas in the pld eloek and more particularly in the
old watch, where ii 18 pracilcally all hand work, there is shown the
care and pride of the artlsan as evidenced by the beautiful hand carv-
ing and chaging upon the dial, the case, and sven the movement which

Repegting Waich and ils Movemen! by Daniel Quare, London, aboui 1700,

is nmot usually open to inspectlon. He has poured his soul Into his
masgterpieca. These artistic decorations did not add to the timekeep-
ing qualities of the wateh, but did reveal the personality and pride
of the workman and gave to the owner a work of art and a thing of
beauty. Such watches as these seem almost to have a soul and per-
gonality. The watch is one of our most prideful and intimate posses-
aiong,

By the year 1700 clocks and watches could be dignified as
real timekeepers and the Goldem Age of Horology began in England,
lasting cduring the greater portion of the 15th century. During this
pericd nearly all the escapements which have endured were invenled:
the anchor, or receil, the dead beat, the cylinder, the chronometer,
and the detached lever. The inventive genius of the people which had
apparently been dammed up seemed to burst forth, and a flood of in-
ventions appearéed.

In the early portion of the period were Daniel Quare, Thomas
Tomplon, often called the father of watchmaking, and George Graham.
The latter two were honored by burial in Westminster Abbey. Then
came Thomas Mudge, to whom we are indebted for the detached lever
escapement which is found in practically all modern watches and in
millions of clocks. Following along was John Harrison, who construct-
ed a marine timeplece of such accuracy that longitude could be de-
termined by it at sea within one half a degree. This invention was
of inestimable aid to navigation and enabled ships at sea to find their
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position with so much greater accuracy than by former methods that
much of the hazard of sea voyages was removed and thousands of
ghips and countless numbers of sallors and passengers were saved
from loss at sea. For this invalushle invention Harrigson was finally
granted, in 1772, the reward of 20,000 pounds which Britain had of-
fered for a timepiece of such accuracy.

John Arnold and Thomas Earnshaw wero the two main con-
tenders for the award. The latter subsequently made an improved
escapement which is found in most of the chronometers of the present
day. (Chronometer is the name given these marine timepieces.) The
decigion upon this award extended over several years and was attend-
ed by most acrimonious debates., The making of the chronometer is
one¢ of the most outstanding achievements of horology.

In the last quarter of the century the English began to lose
thelr place In the sun to the French and the Swiss. In France there
were LeRoy, Berthoud, and Breguet; and by the close of the century
the Swiss had surpassed England in productlon and were shipping
large quantities of watches into England. The workmanship of the
English was fine, but they were too conservative, clinging to old
methods and ldeas.

At the opening of the 18th ceatury clockmaking In America
was in its infancy, and England had been the source of most of the
clocks and practically all the watches. However, the infant industry
found a fertile 2oil in the United SBiates, and soon clocks were made
in large quantities. Efforts at watchmaking were more or less futile
in the United States until the 1860's, when automatic machinery was
introduced and mass production begun. Today the highest grades of
watches are made and in large quantities. Here originated the dollar
watch, thus making it possible for nearly eveéryone to have a watch.

Clockmaking in the United States is too important an industry
and the aarly makers and their products too interesting to he passed
over with the preceding resume, so there now follows a brief account
or history of some of the most notable makers and thelr most out-
standing productions.

The most interesting period of clockmaking in America was
in the first 60 years of the 19th century. The actors In that scene
are now all gone, but not forgottén. These men had, to a remarkable
degree, vision, initlative, inventive genius, and great courage and
perséverance in the face of repeated failures and discouragements.
As a result of their labors with their brains and skilled hands, large
numbers of clocks of attractive and now most desirable designs were
made.
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the time of the
1860's these clocks had be-
gun to lose thelr popularity
and in many instances were
pushed aside into closets
or attics and replaced by
clocka of more ornate de-
sign.The grandfather clocks
seem o have retalned their
popularity evento the pres-
ent.

Little did the mak-
ers of thege clocks realize
the high regard in which
they were destined (o be
held or the awvidity with
which they were later fto
be sought. How amazed,
too, they would have been
had they known the prices
the clocks were later to
bring — oftéen 2 price many
times their original pur-
chase price.

This period which
was more or less a ro-
mantic one and characier-
ized by much Individual
handwaork is gons forever,
and we are pow in the
midst of what may be
termed the eleciric and
electronic age. 1 thiok it
can safely be said that the
dominating clock today ia
the electric. It has great
accuracy and many other
utilitarian polnts In its fa-
vor, but it has no person-
ality or will of ita own. It
ie & mere robol comnected
by wire with its master,
the dynamo in the power
house. Disconnected, it ias
lifelegs and useleas. If it
iz just a timekeeper thai
ls wished, it ia certainly
the most accurate, practi-
cal, and inexpensive clock
you can have. Teo, you do
not have to wind it. But if
you wish a clock which is

Grandfather Clock by Simon Wiliard,
abowd 1800,
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Pillar and Sevoll Clock, by Bl Tevry, Jr., wood movement, probably abost 1835,
fBarfo Clock by Aavon Willard, brother of Simion; probabily abouw! 1825,

to glve you joy and to appeal to your aesthelic nature, then you should
have one by Bimon Willard, Eli Terry, or other of the grand old
makers.

That the watchmakers, and through them the general public,
may have a reliable source for setting their clocks and watches in
this time-consclous age, the U, S, Naval Observatory sends out at
stated intervals each day short wave broadeasta of the time. These
time signals are accurate to within a few thousandtha of a4 second.

For the benefit of scientists and others working on radar,
loran, television, transmission of photographs, depthing apparatus,
and other things requiring accuracy to the millionths, the Bureau of
Standards broadeasts time signals continuously, each of which ia ex-
actly one second in length, thus providing a standard measure of one
second for the use of those doing meticulous split-second work. It
is this standard second which the engineer in the power house uses
in keeping the electric current to exactly 60 cycles per second, other-
wise the electric clocks would mot keep acourate time. The clocks
which are the source of these standard seconds are conlrolled nol by
pendulums, but by quart® c¢rystals vibrating at the rate of 100,000
¢ycles per asecond.
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One of the more amazing clocks of the present which has no
electrical connections and needs no winding is the Aimos clock. This
clock has as ite motive power the changes of temperature. A change
of two degrees s sufficient to wind it.

The evelutlon of time-telling apparaius forms an instroctive,
fascinating, and thrilling chapter in the history of civilization.

Few realize the almost total dependence of industry, the rail-
roads, and the ships ai sea upon accurate time-telling machines in
these modern times. A sudden stoppage of all clocks and watches
would cause an almost complete paralysis of industrial life.

APPENIIX

Those who may be interested in the further pursuit of time
will find an excellent general discussion in Prof. Willis 1. Milham's
book Time and Timekeepers (Macmillan, New York) and in the ap-
pendix an extensive bibliography.

For technmical descriptions of various timepieces and for in-
teresting blographies of many notable watchmakers, Maj. Paul M.
Chamberlain's Jt's About Time (Richard R. 8mith., New York) is
splendid.

For early American clocks and clockmakers Carl W. Drepperd's
American Clocks and Clockmakers (Doubleday, Garden City, New York)

and Brooks Palmer's The Book of American Clocks (Macmillan, New
York} are recommended.

The statements concerning time and its interrelations with
astronomy apply as of the year 1953. With the constant widening of
our knowledge of the universe and advance in the methods of deter-
mining time some of the stalements may have to be modified in the
light of future findings.
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